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Abstract. The research is aimed to built the shallow water current spatial model and to analyse the 

seasonal sea surface temperature (SST), chlorophyll-a, bathymetry, and identify endemic fish in the Natuna 

islands seas. The research represent of east season (May to October) and west season (November to April) 

2019. Range of SST is 28.0 to 31.0oC, current speed of west and east season is 0.1 to 0.5 m/s, chlorophyll-

a content is 0.2 to 1.0 mg/m3, depth range is 0 to 150 m. Two endemic fish are Bombay duck fish 

(Harpodon nehereus) and goatee croacker fish (Dendrophysa russelli).  
Keywords: Monsoons, Sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish. 

 

Introduction. Characteristics of Natuna Waters are influenced by seasons. According to 
Wyrtki 1961; Hartoko et al 2019; Nababan & Simamora 2012; and Deliama 2017, seasons 

in Indonesia are divided into northwest monsoons (west monsoons), southeast monsoons 

(east monsoons), and transitional monsoons or transitions between the two. At the time of 

transition, the wind direction is irregular, and it often rains suddenly. In coastal areas, the 

characteristics of the waters are also influenced by tides and input from the mainland. The 
waters of the southwest part of Natuna receive material input from rivers and anthropogenic 

activities. Several rivers flow into these waters, one of which is the Binjai River, the largest 

river in the region (Kusumaningtyas et al 2014; Nababan et al 2015). Natuna Sea borders 

with the South China Sea and countries in the ASEAN region; Vietnam, Cambodia, 
Singapore, Thailand, and Malaysia, so it is very strategic as one of the important 

international shipping lanes. The Natuna Sea is also a place for the mass exchange of water 

from the Indonesian Ocean to the South China Sea, which has a close interaction with the 

Monsoon that occurs in Indonesia, so it is necessary to know thoroughly about the 
characteristics of the water resources (Wyrtki 1961; Nababan & Simamora 2012). 

Natuna Sea has high biodiversity because of its location directly opposite the South 

China Sea and the high seas, so there are many endemic species in the waters, including 

Bombay duck Fish (Harpodon nehereus) and Goatee croaker Fish (Dendrophysa russelii). 

With the existence of endemic species in Natuna Sea, it is necessary to conduct specific 
research in terms of oceanography, especially the surface current patterns, so that they can 

be the initial data in managing and conserving these species. Currents greatly affect the 
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distribution pattern of chlorophyll-a and sea surface temperature as important 

oceanographic variables for pelagic fish in Natuna Sea.  
The remote sensing technology approach is very important in mapping the current 

velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 

Current Model. Current data was carried out by modeling currents between bathymetry data 

and tidal data to obtain a model of marine distribution patterns in waters shallow, especially 
in Natuna Sea. This research was initial research in managing and conserving endemic 

species in Natuna Sea.    

 

Materials and Method 

The research was conducted in Natuna Sea, Natuna in 2019 consisting of representing 

the eastern monsoon (May to October) and the West monsoon (November to April). The 

map of the research location can be seen in Figure 1. 

 
 

Figure 1. Station points of the field survey 

 
This research was conducted using field observation methods to identify endemic 

species in Natuna Sea, measuring field current patterns, and modeling current patterns and 

current velocity using Flow Model FM Mike 21. Satellite data processing was using Aqua 

Modis Level 3 with Chlorophyll-a data product, sea surface temperature (SST) and water 
depth using GEBCO (General Bathymetric Chart of the Oceans) data, then extracting data 

using the ArcGIS 10.8 application and then interpolating using the Kriging method referring 

to (Maro et al 2021; Hartoko 2010; Hartoko et al 2016; Afifa et al 2020; Wirasatriya et al 

2020; Muskananfola et al 2021). 
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Data Analysis 

Flow Model FM MIKE 21 Flow Model FM Hydrodynamic Module was used to simulate 
tidal and flow patterns. This module was based on the numerical solution of the two-

dimensional water equation. The builder equations in this hydrodynamics module consisted 

of continuity and momentum equations to simulate current patterns, including: The 

continuity equation for the two-dimensional flow average depth (average continuity 
equation), which can be written as: 
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Momentum equation for flow in the x-axis direction. 
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Momentum equation for flow in the y-direction. 
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Notes: 

x,y  : Coordinate space functions 

h : Water depth 

ζ  : Sea level elevation 

p,q (x, y, f) : Density level  

g  : Gravitational acceleration   

ρ  : Water density  

vx, vy, vt             : Wind speed on the x and y axes. 

τbx τby  : Base shear stress   

τsx τsy  : Surface shear stress   

τxx, τxy, τyx, τyy : Turbulent shear stress  

ω : Coriolis parameter 

ρw : Seawater density 

𝑓𝑉 : Wind friction factor 

 

 
Result and Discussion 

Distribution Pattern of Currents, Chlorophyll-a and Sea Surface Temperature in the 

East Monsoon (May to October)  

The current pattern in the east monsoon in May to October 2019 showed the 

dominant direction of arrival from the south to the north. Based on the difference in color 
gradients, it can be seen that the velocity of large currents occurred in some parts of the 

narrow waters flanked by two islands with a speed of 0.1 m/s to 0.5 m/s. The map of the 

current distribution pattern can be seen in Figure 2. 
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Figure 2. Distribution Pattern of East Monsoon Currents in Natuna Shallow Coastal Waters 

 
The water current in the shallow coastal waters of Natuna was the Ekman current. It 

has a regular current pattern. The main generator of currents in these waters was the east 

monsoon that moved from the waters of Java and Sumatra, where the movement of this 

current entered from the south of the Natuna Sea which moved into the north and northeast 
of the Natuna waters. This can be caused by the influence of the east monsoon wind that 

moved from the Indian Ocean waters to the Pacific Ocean waters. The surface current 

pattern in Natuna waters (Figure 2) showed a very different current direction in the east 

monsoon (May to October 2019). This current movement also had an impact on the 
distribution pattern of chlorophyll-a and sea surface temperature (SST) in the east monsoon 

in the coastal waters of Natuna, with the chlorophyll-a distribution ranging from 0.2 to 1.0 

mm/m2 and the SST ranging from 28.0 to 30.0°C. The distribution of chlorophyll-a and east 

monsoon SST can be seen in Figure 3A and Figure 3B. 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

 
Figure 3. A: Average Chlorophyll-a distribution of East Monsoon; 

B. Average SST distribution of East Monsoon 



AACL Bioflux, 2021, Volume xx, Issue x. 5 

http://www.bioflux.com.ro/aacl 
 
 

According to the average distribution of chlorophyll-a and SST range in the east 

monsoon in Natuna waters, it can be elaborated that there was an increase in chlorophyll-a 
in each coastal area reached 8.0 to 1.0 mm/m3 with an average SST range of 28.0 to 

30.0°C. In the SST range between 28.0 to 29.0°C in the coastal area of Natuna, there was 

an increase in chlorophyll-a reaching 0.8 to 1.0 mm/m3. Comparing the increase in 

chlorophyll-a and SST to the current distribution pattern in the east monsoon (Figure 2) in 
Natuna waters, it can be shown that there was a confluence of currents in the coastal area 

which resulting in a water mass mixing that would increase nutrients and chlorophyll-a in 

the waters. This tendency would result in a decrease in sea surface temperature in Natuna 

waters.  
 

Distribution Pattern of Currents, Chlorophyll-a and Sea Surface Temperature in the 

West Monsoon (November-April)  

Research on the distribution pattern of currents, average chlorophyll-a, and average 
sea surface temperature in the west monsoon in November to December 2019 in Natuna 

Waters using the MIKE 21 current distribution pattern model and Aqua Modis level 3 data, 

found the current distribution patterns in Natuna waters ranged from 0.1 m/s to 0.5 m/s in 

2019. The current pattern distribution in the west monsoon can be seen in Figure 4.  

 
 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

Figure 4. Current Distribution Patterns of West Monsoon in Natuna Sea 

 
Based on Figure 4 about the current distribution pattern in the West monsoon of the 

Natuna Sea, it can be explained that the direction and pattern of inflow were from the South 

China Sea, the northern part of Natuna. It was when on the West monsoon when the west 

wind from the Pacific Ocean that entered Indonesian waters through the South China Sea 
was high enough that increasing current speed of up to 0.5 m/s, with a current color 

degradation pattern showing high clusters in the shallow waters of the Natuna Sea.  

The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm/m3 and 

the average SST in the west monsoon ranged from 28.0 to 31.0°C. The distribution pattern 

of the average chlorophyll-a and the average SST in western monsoon in Natuna waters can 
be seen in Figure 5A and Figure 5B.  
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Figure 5. A. Average chlorophyll-a in the west monsoon; 

B. Average SST in the west monsoon in Natuna Waters 
 

According to Figures 5A and 5B, it can be elaborated that there was an increase in 

chlorophyll-a reaching 0.7 mm/m3 in Natuna waters with an average SST range of 28.0 to 

29.0°C. Comparing with the current distribution patterns in the west monsoon (Figure 4) in 
the Natuna waters, it can be explained that the main factor of the current direction pattern 

was the monsoon wind. In the west monsoon, the wind blew from the Pacific Ocean entering 

through the South China Sea into the Natuna waters with slower movement toward the 

coast due to the current collisions from the northern part and the north-western part of the 
Natuna Sea. This current collision resulted in an increase in chlorophyll-a and a decrease in 

SST in the shallow waters of the Natuna Sea.  

 

Natuna Waters Depth 
The water depth data analysis in Natuna waters used GEBCO (General Bathymetric 

Chart of the Oceans) data. The data was cropped according to the research location, then 

was analyzed using 2D, and then was interpolated using a kriging distribution model. 

Results of the analysis found the depth of the natural waters ranged from 0 to 150 m. The 

results of the 2D model analysis can be seen in Figure 6.  
 

 
Figure 6. Natuna Waters Depth 
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Based on the 2D model of the Natuna waters depth, it can be elaborated that in the 

northern part of Natuna towards the South China Sea, the depth range reached 150 m, 
while in the coastal part of Natuna, the depth ranged from 0 to 30 m.  

 

Endemic Species in Natuna Waters  

Results of the field survey (observations) conducted in Natuna waters and data 

collection of the species caught in the location through analysis of local market distribution 

found 2 endemic fish species (fish that exist only in one particular place, and not in others), 

namely Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa 

russelli). Images of each species can be seen in Figure 7A and Figure 7B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. A: Bombay duck fish (Harpodon nehereus);  

B: Goatee croaker fish (Dendrophysa russelli) 

 

Bombay duck fish (Harpodon nehereus)  

Bombay duck fish has Phylum: Chordata; Class: Actinopterygii; Order: Aulopiformes; 

Family: Synodontidae; Genus: Harpadon; Species: H. Nehereus; Phylum: Chordata; Class: 

Pisces; Order: Myctophoide; Family: Scopelidae; Genus: Harpodon; Species: Neherous 
Harpodon. Lomek fish has a slightly flattened elongated body shape, the tip of the snout is 

short and rounded, and the tail fin has 3 parts; top, bottom, and middle as a continuation of 

the scale line. The teeth of the two jaws have various shapes; flat arch, large arch, and 

small arch. The body shape is bilaterally symmetrical, compressed, while the head shape is 
blunt (Siddique & Aktar 2011; Jin et al 2012; Bhattacharya et al 2016; Bo et al 2013; Salim 

et al 2020; Rupsankar 2010).  

Harpodon nehereus is a type of demersal fish, the preferred type of substrate is mud 

and fine sand, especially beaches close to river mouths (Kalhoroa et al 2020; Salim et al 

2020; Bhattacharya et al 2016). The fish was located on the bottom of the waters with the 
speed of sea surface currents to breed in the range of 0.2 to 0.4 m/s with chlorophyll-a 

content ranging from 0.2 to 0.5 mm/m3 and an SST range ranging from 28 to 30oC in every 

A 

B 
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appearance of Harpodon nehereus at the bottom of the waters (Siddique & Aktar 2011; Bo 

et al 2013).  
Harpodon nehereus is a type of fish in Indonesian waters only found in the waters of 

Natuna and Bangka Belitung. This fish has important economic value in Natuna, Bangka 

Belitung, and several other coastal areas in Sumatra because it has important economic 

value. This fish needs to be protected and conserved in order to be sustainable.  
 

Goatee croaker fish (Dendrophysa russelli) 

Goatee croaker fish with classification Phylum: Chordata; Class: Actinopterygii; Order: 
Perciformes; Family: Sciaenidae; Genus: Dendrophysa; Species: D. russelii (Cuvier, 1829). 

This fish has a slightly flat elongated body (vertical), covered with scales to the head. The 

first and second dorsal fins are fused (Fig. 7B). The back edge of the front gill cover is 

serrated. The special feature of the Gerot fish is a small mouth but covered by very thick 

lips (according to one of the local names of this fish). The pectoral fins are longer and 
tapered than the pelvic fins. The dorsal fin has 12 spines and 13 to 15 soft fin rays. Gerot 

fish has a silvery gray body-color, with 4-5 longitudinal dark gray stripes that are dashed 

and faint on the sides of the body. Three or four of these lines are above the lateral line of 

the body. On the dorsal fin, there are 2 to 3 bands of brown spots. This fish can reach a size 
of 80 cm, but generally between 40 to 50 cm (Annisa et al 2018; Suprapto 2017; Khairul et 

al 2018). This fish has an important economic value, especially in its swimming bubbles. 

The price of this fish is increasing highly because it has swimming bubbles which are very 

expensive and contains high collagen. This fish exists in sea waters close to rivers with a 
water temperature range of 28 to 30°C.  

 

Discussion 

Results of the study found that the average range of current velocity patterns in the 

east and west monsoons in Natuna Waters ranged from 0.1 to 0.5 m/s. The current pattern 
in the east monsoon moved from the south to the north of Natuna to the South China Sea. 

According to (Pamungkas 2018; Purba 2019; Maro et al 2021; Hartoko et al 2019; 

Wirasatriya et al 2020; Muskananfola et al 2021) it showed that during the east monsoon, 

the wind moved from the continent of Asia to the continent of Australia, while in the west 
monsoon, the wind will move from the Australian continent to the Asian continent. The 

influence of the monsoon wind would also affect the Natuna Coastal waters, especially due 

to its location in between the Natuna Sea, Sumatra Sea, and the Java Sea, which is the 

monsoon wind flow area (Setiawan & Pamungkas 2017). The research found that there was 
a collision of currents that had an impact on the distribution pattern of chlorophyll-a and sea 

surface temperature (SST) in the East monsoon in the coastal waters of Natuna. Results of 

the analysis of the average distribution of chlorophyll-a were in the range of 0.2 to 1.0 

mm/m2 and the SST range of 28.0 to 30.0°C. Research done by (Muskananfola et al 2021; 
Pamungkas 2018; Maro et al 2021; Hartoko 2010; Sukresno et al 2015; Sukresno et al 

2018; Lebrec et al 2019) found that if there is a collision with sea surface currents in a body 

of water, it will increase chlorophyll-a and decreasing SST on the sea surface. This is 

common in coastal areas because of the location of small islands that are close to each 

other, thus blocking the movement of currents from deep waters to shallow waters. The 
characteristics of these waters tend to have a high level of fertility so that many organisms 

roam in these waters for shelter, foraging, and spawning. Meanwhile, in the West monsoon 

(November to December) the movement of the current pattern moved in from the northern 

part of Natuna, from the South China Sea to the Natuna coastal waters. Results of the study 
found that the current movement was influenced by the west monsoon which blew strongly 

from the Pacific Ocean to the South China Sea, then to the Natuna Coast, to the Sumatra 

Sea and the Java Sea. According to (Hartoko et al 2019; Maro et al 2021; Wirasatriya et al 

2020; Muskananfola et al 2021) the movement of incoming currents from the northern part 
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of Indonesia was caused by the west monsoon wind blowing from the Pacific Ocean to the 

Indian Ocean, resulting in a significant increase in current speed during that season.  
During the West monsoon, there was an upwelling occurred in the Natuna coastal 

waters, resulting in a decrease in SST and chlorophyll-a. Mixing of seawater mass 

(upwelling) in a body of water could decrease SST and chlorophyll-a at sea level. Waters 

that have upwelling characteristics are indicated as fertile waters for nutrients and 
chlorophyll-a so that many marine organisms make these waters a place to migrate/their 

space to find food and spawn (García-Reyes et al 2015; Chung & Gong 2019; Putra et al 

2016; Wirasatriya et al 2020; Sukresno et al 2015; Putra & Mustika 2021).  

Results of the study during the west and east monsoons found 2 types of Natuna 
endemic fish, namely Harpodon nehereus and Dendrophysa russelli which were found in the 

Natuna coastal waters with surface current velocity patterns ranging from 0.1 to 0.5 m/s, 

chlorophyll-a sea level ranged from 0.2 to 1.0 mm/m3, the average SST ranged from 28 to 

30°C, and the average depth of the waters ranged from 0 to 150 m. According to Siddique 
& Aktar 2011; Jin et al 2012; Bhattacharya et al 2016; Annisa et al 2016; Suprapto 2017, 

found the location of the appearance of Harpodon nehereus and Dendrophysa russelli in 

coastal waters that are directly connected to the sea, where the average sea surface 

temperature ranging from 27 to 30°C, sea surface currents ranged from 0.3 to 0.5 m/s, and 

the average depth ranged from 0 to 20 meters. Management of these endemic fish species 
needs to be done so that these two species can be sustainable. Considering the 2 types of 

fish that have important economic value, the public's interest in taking them to improve the 

economy is even greater. Therefore, there is a need for sustainable management of 

Harpodon nehereus and Dendrophysa russelli species in Natuna waters to be sustainable.  
 

Conclusions 

        The research result of the oceanographic variable analysis mainly the depth, SST, 

chlorophyll-a content and the monsoonal current speed range, will support for site selection 
and the attempt of the endemic fish conservation.  Mainly in the shallow water coastal areas 

arround Natuna islands. The research represent of east season (May to October) and west 

season (November to April) 2019. Range of SST is 28.0 to 31.0oC, current speed of west 

and east season is 0.1 to 0.5 m/s, chlorophyll-a content is 0.2 to 1.0 mg/m3, depth range is 

0 to 150 m. Two endemic fish are Harpodon nehereus and Dendrophysa russelli. 
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Abstract. The research is aimed to built the shallow water current spatial model and to analyse the 

seasonal sea surface temperature (SST), chlorophyll-a, bathymetry, and identify endemic fish in the 

Natuna islands seas. The research represent of east season (May to October) and west season 
(November to April) 2019. Range of SST is 28.0 to 31.0°C, current speed of west and east season is 0.1 

to 0.5 m s-1, chlorophyll-a content is 0.2 to 1.0 mg m-3, depth range is 0 to 150 m. Two endemic fish are 
Bombay duck fish (Harpodon nehereus) and goatee croacker fish (Dendrophysa russelli). 

Key Words: monsoons, Sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish.  

 

 
Introduction. Characteristics of Natuna Waters are influenced by seasons. According to 

Wyrtki 1961, Hartoko et al 2019, Nababan & Simamora 2012, and Deliama 2017, 

seasons in Indonesia are divided into northwest monsoons (west monsoons), southeast 

monsoons (east monsoons), and transitional monsoons or transitions between the two. 
At the time of transition, the wind direction is irregular, and it often rains suddenly. In 

coastal areas, the characteristics of the waters are also influenced by tides and input 

from the mainland. The waters of the southwest part of Natuna receive material input 

from rivers and anthropogenic activities. Several rivers flow into these waters, one of 

which is the Binjai River, the largest river in the region (Kusumaningtyas et al 2014; 
Nababan et al 2015). Natuna Sea borders with the South China Sea and countries in the 

ASEAN region; Vietnam, Cambodia, Singapore, Thailand, and Malaysia, so it is very 

strategic as one of the important international shipping lanes. The Natuna Sea is also a 

place for the mass exchange of water from the Indonesian Ocean to the South China Sea, 
which has a close interaction with the Monsoon that occurs in Indonesia, so it is 

necessary to know thoroughly about the characteristics of the water resources (Wyrtki 

1961; Nababan & Simamora 2012). 

Natuna Sea has high biodiversity because of its location directly opposite the 
South China Sea and the high seas, so there are many endemic species in the waters, 

including Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa 

russelii). With the existence of endemic species in Natuna Sea, it is necessary to conduct 

specific research in terms of oceanography, especially the surface current patterns, so 
that they can be the initial data in managing and conserving these species. Currents 

greatly affect the distribution pattern of chlorophyll-a and sea surface temperature as 

important oceanographic variables for pelagic fish in Natuna Sea.  

The remote sensing technology approach is very important in mapping the current 

velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 
Current Model. Current data was carried out by modeling currents between bathymetry 
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data and tidal data to obtain a model of marine distribution patterns in waters shallow, 

especially in Natuna Sea. This research was initial research in managing and conserving 
endemic species in Natuna Sea.   

 

Material and Method 

 
Description of the study site. The research was conducted in Natuna Sea, Natuna in 

2019 consisting of representing the eastern monsoon (May to October) and the West 

monsoon (November to April). The map of the research location can be seen in Figure 1. 

 

 
Figure 1. Station points of the field survey. 

 

Data collection. This research was conducted using field observation methods to 
identify endemic species in Natuna Sea, measuring field current patterns, and modeling 

current patterns and current velocity using Flow Model FM Mike 21. Satellite data 

processing was using Aqua Modis Level 3 with Chlorophyll-a data product, sea surface 

temperature (SST) and water depth using GEBCO (General Bathymetric Chart of the 
Oceans) data, then extracting data using the ArcGIS 10.8 application and then 

interpolating using the Kriging method referring to (Maro et al 2021; Hartoko 2010; 

Hartoko et al 2016; Afifa et al 2020; Wirasatriya et al 2020; Muskananfola et al 2021). 

 

Data analysis. Flow Model FM MIKE 21 Flow Model FM Hydrodynamic Module was used 
to simulate tidal and flow patterns. This module was based on the numerical solution of 

the two-dimensional water equation. The builder equations in this hydrodynamics module 

consisted of continuity and momentum equations to simulate current patterns, including: 

The continuity equation for the two-dimensional flow average depth (average continuity 
equation), which can be written as: 

 

  = 0  

 
Momentum equation for flow in the x-axis direction. 

 ...............................................................................................................................   

Momentum equation for flow in the y-direction. 
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Where: 

x,y - coordinate space functions; 

h - water depth; 
ζ - sea level elevation; 

p,q (x, y, f) - density level;  

g - gravitational acceleration;   

ρ - water density;  
vx, vy, vt - wind speed on the x and y axes; 

τbx τby - base shear stress;   

τsx τsy - surface shear stress;   

τxx, τxy, τyx, τyy - turbulent shear stress;  
ω - coriolis parameter; 

ρw - seawater density; 

fv - wind friction factor. 

 

Results and Discussion 
 

Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the east monsoon (May to October). The current pattern in the east monsoon in May 

to October 2019 showed the dominant direction of arrival from the south to the north. 
Based on the difference in color gradients, it can be seen that the velocity of large 

currents occurred in some parts of the narrow waters flanked by two islands with a speed 

of 0.1 m s-1 to 0.5 m s-1. The map of the current distribution pattern can be seen in 

Figure 2. 
 

 
Figure 2. Distribution pattern of east monsoon currents in Natuna shallow coastal waters. 

 

The water current in the shallow coastal waters of Natuna was the Ekman current. It has 

a regular current pattern. The main generator of currents in these waters was the east 
monsoon that moved from the waters of Java and Sumatra, where the movement of this 

current entered from the south of the Natuna Sea which moved into the north and 

northeast of the Natuna waters. This can be caused by the influence of the east monsoon 

wind that moved from the Indian Ocean waters to the Pacific Ocean waters. The surface 

current pattern in Natuna waters (Figure 2) showed a very different current direction in 
the east monsoon (May to October 2019). This current movement also had an impact on 

the distribution pattern of chlorophyll-a and sea surface temperature (SST) in the east 

monsoon in the coastal waters of Natuna, with the chlorophyll-a distribution ranging from 
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0.2 to 1.0 mm m-2 and the SST ranging from 28.0 to 30.0°C. The distribution of 

chlorophyll-a and east monsoon SST can be seen in Figure 3A and Figure 3B. 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Figure 3. A: Average Chlorophyll-a distribution of East Monsoon; B. Average SST 
distribution of East Monsoon. 

 

According to the average distribution of chlorophyll-a and SST range in the east monsoon 

in Natuna waters, it can be elaborated that there was an increase in chlorophyll-a in each 
coastal area reached 8.0 to 1.0 mm m-3 with an average SST range of 28.0 to 30.0°C. In 

the SST range between 28.0 to 29.0°C in the coastal area of Natuna, there was an 

increase in chlorophyll-a reaching 0.8 to 1.0 mm m-3. Comparing the increase in 

chlorophyll-a and SST to the current distribution pattern in the east monsoon (Figure 2) 
in Natuna waters, it can be shown that there was a confluence of currents in the coastal 

area which resulting in a water mass mixing that would increase nutrients and 

chlorophyll-a in the waters. This tendency would result in a decrease in sea surface 

temperature in Natuna waters.  

 
Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the west monsoon (November-April). Research on the distribution pattern of 

currents, average chlorophyll-a, and average sea surface temperature in the west 

monsoon in November to December 2019 in Natuna Waters using the MIKE 21 current 
distribution pattern model and Aqua Modis level 3 data, found the current distribution 

patterns in Natuna waters ranged from 0.1 m s-1 to 0.5 m s-1 in 2019. The current 

pattern distribution in the west monsoon can be seen in Figure 4.  

 
 

 

 

 
 

 

 

 

 
 

 

 

 
Figure 4. Current distribution patterns of West Monsoon in Natuna Sea. 

 

Based on Figure 4 regarding the current distribution pattern in the West monsoon of the 

Natuna Sea, the direction and pattern of inflow were from the South China Sea, the 
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northern part of Natuna. It was when on the West monsoon when the west wind from the 

Pacific Ocean that entered Indonesian waters through the South China Sea was high 
enough that increasing current speed of up to 0.5 m s-1, with a current color degradation 

pattern showing high clusters in the shallow waters of the Natuna Sea.  

The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm m-3 

and the average SST in the west monsoon ranged from 28.0 to 31.0°C. The distribution 
pattern of the average chlorophyll-a and the average SST in western monsoon in Natuna 

waters can be seen in Figure 5A and Figure 5B.  

 

 
Figure 5. A. Average chlorophyll-a in the west monsoon; B. Average SST in the west 

monsoon in Natuna waters. 
 

According to Figures 5A and 5B, it can be elaborated that there was an increase in 

chlorophyll-a reaching 0.7 mm m-3 in Natuna waters with an average SST range of 28.0 

to 29.0°C. Comparing with the current distribution patterns in the west monsoon (Figure 

4) in the Natuna waters, it can be explained that the main factor of the current direction 
pattern was the monsoon wind. In the west monsoon, the wind blew from the Pacific 

Ocean entering through the South China Sea into the Natuna waters with slower 

movement toward the coast due to the current collisions from the northern part and the 

north-western part of the Natuna Sea. This current collision resulted in an increase in 
chlorophyll-a and a decrease in SST in the shallow waters of the Natuna Sea.  

 

Natuna waters depth. The water depth data analysis in Natuna waters used GEBCO 

(General Bathymetric Chart of the Oceans) data. The data was cropped according to the 
research location, then was analyzed using 2D, and then was interpolated using a kriging 

distribution model. Results of the analysis found the depth of the natural waters ranged 

from 0 to 150 m. The results of the 2D model analysis can be seen in Figure 6.  

 

 
Figure 6. Natuna waters depth. 
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Based on the 2D model of the Natuna waters depth, it can be elaborated that in the 

northern part of Natuna towards the South China Sea, the depth range reached 150 m, 
while in the coastal part of Natuna, the depth ranged from 0 to 30 m.  

 

Endemic species in Natuna waters. Results of the field survey (observations) 

conducted in Natuna waters and data collection of the species caught in the location 
through analysis of local market distribution found 2 endemic fish species (fish that exist 

only in one particular place, and not in others), namely Bombay duck fish (Harpodon 

nehereus) and Goatee croaker fish (Dendrophysa russelli). Images of each species can be 

seen in Figure 7A and Figure 7B. 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Figure 7. A: Bombay duck fish (Harpodon nehereus); B: Goatee croaker fish 
(Dendrophysa russelli). 

 

Bombay duck fish (Harpodon nehereus). Bombay duck fish has Phylum: Chordata; 

Class: Actinopterygii; Order: Aulopiformes; Family: Synodontidae; Genus: Harpadon; 
Species: H. Nehereus; Phylum: Chordata; Class: Pisces; Order: Myctophoide; Family: 

Scopelidae; Genus: Harpodon; Species: Neherous Harpodon. Lomek fish has a slightly 

flattened elongated body shape, the tip of the snout is short and rounded, and the tail fin 

has 3 parts; top, bottom, and middle as a continuation of the scale line. The teeth of the 
two jaws have various shapes; flat arch, large arch, and small arch. The body shape is 

bilaterally symmetrical, compressed, while the head shape is blunt (Siddique & Aktar 

2011; Jin et al 2012; Bhattacharya et al 2016; Bo et al 2013; Salim et al 2020; 

Rupsankar 2010).  
Harpodon nehereus is a type of demersal fish, the preferred type of substrate is 

mud and fine sand, especially beaches close to river mouths (Kalhoroa et al 2020; Salim 

et al 2020; Bhattacharya et al 2016). The fish was located on the bottom of the waters 

with the speed of sea surface currents to breed in the range of 0.2 to 0.4 m/s with 

chlorophyll-a content ranging from 0.2 to 0.5 mm/m3 and an SST range ranging from 28 
to 30oC in every appearance of Harpodon nehereus at the bottom of the waters (Siddique 

& Aktar 2011; Bo et al 2013).  

Harpodon nehereus is a type of fish in Indonesian waters only found in the waters 

of Natuna and Bangka Belitung. This fish has important economic value in Natuna, 
Bangka Belitung, and several other coastal areas in Sumatra because it has important 

economic value. This fish needs to be protected and conserved in order to be sustainable.  

 

A 

B 
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Goatee croaker fish (Dendrophysa russelli). Goatee croaker fish with classification 

Phylum: Chordata; Class: Actinopterygii; Order: Perciformes; Family: Sciaenidae; Genus: 
Dendrophysa; Species: D. russelii (Cuvier, 1829). This fish has a slightly flat elongated 

body (vertical), covered with scales to the head. The first and second dorsal fins are 

fused (Fig. ure 7B). The back edge of the front gill cover is serrated. The special feature 

of the Gerot fish is a small mouth but covered by very thick lips (according to one of the 
local names of this fish). The pectoral fins are longer and tapered than the pelvic fins. 

The dorsal fin has 12 spines and 13 to 15 soft fin rays. Gerot fish has a silvery gray 

body-color, with 4-5 longitudinal dark gray stripes that are dashed and faint on the sides 

of the body. Three or four of these lines are above the lateral line of the body. On the 
dorsal fin, there are 2 to 3 bands of brown spots. This fish can reach a size of 80 cm, but 

generally between 40 to 50 cm (Annisa et al 2018; Suprapto 2017; Khairul et al 2018). 

This fish has an important economic value, especially in its swimming bubbles. The price 

of this fish is increasing highly because it has swimming bubbles which are very 
expensive and contains high collagen. This fish exists in sea waters close to rivers with a 

water temperature range of 28 to 30°C.  

 

Discussion. Results The results of the study found that the an average range from 0.1 

to 0.5 m/s of for the current velocity patterns in the east and west monsoons, in Natuna 
Waters watersranged from 0.1 to 0.5 m/s. The current pattern in In the east monsoon, 

the current moved from the south to the north of Natuna to (towards the South China 

Sea). According to (Pamungkas 2018; Purba 2019; Maro et al 2021; Hartoko et al 2019; 

Wirasatriya et al 2020; Muskananfola et al 2021), it showed that during the east 
monsoon, the wind moved from the continent of Asia to the continent of Australia, while 

in the west monsoon, the wind will move from the Australian continent to the Asian 

continent. The influence of the monsoon wind would also affect the Natuna Coastal 

waters, especially due to its their location in between the Natuna Sea, Sumatra Sea, and 
the Java Sea, which is the monsoon wind flow area (Setiawan & Pamungkas 2017). The 

research found that there was a collision of currents that had an impact on the 

distribution pattern of chlorophyll-a and sea surface temperature (SST) in the East 

monsoon in the coastal waters of Natuna. Results The results of the analysis of the 

average distribution of chlorophyll-a were in the range of 0.2 to 1.0 mm/m2 and the SST 
ranged of from 28.0 to 30.0°C. Research The previous research done by (Muskananfola 

et al 2021; Pamungkas 2018; Maro et al 2021; Hartoko 2010; Sukresno et al 2015; 

Sukresno et al 2018; Lebrec et al 2019) found that if there is a collision with between the 

sea surface currents in a body of water, it the chlorophyll-a will increase chlorophyll-a 
and decreasing the SST will decreaseon the sea surface. This is common in the coastal 

areas, because of the location ofdue to the presence of numerous small islands that are 

close to each other, thus blocking the movement of currents from deep waters to shallow 

waters. The characteristics of these waters tend to have a high level of fertility so that 
many organisms roam in these waters for shelter, foraging, and spawning. 

MeanwhileConversely, in the West monsoon (November to December), the movement 

pattern of the current pattern moved in is from the northern part of Natuna, from  (the 

South China Sea) to the Natuna coastal waters. Results The results of the study found 
that the current movement was influenced by the west monsoon, which blew strongly 

from the Pacific Ocean towards the South China Sea, then towards the Natuna Coast, to 

the Sumatra Sea and the Java Sea. According to (Hartoko et al 2019; Maro et al 2021; 

Wirasatriya et al 2020; Muskananfola et al 2021) the movement of incoming currents 

from the northern part of Indonesia was caused by the west monsoon wind blowing from 
the Pacific Ocean to the Indian Ocean, resulting in a significant increase in the current 

speed during that season.  

During the West monsoon, there was an upwelling occurred in the Natuna coastal 

waters, resulting in a decrease in of the SST and chlorophyll-a. Mixing of the seawater 
masses (by upwelling) in a body of water could decrease the SST and chlorophyll-a at 

sea level. Waters that have upwelling characteristics are indicated as fertile waters, in 

terms of for nutrients and chlorophyll-a, so which makes them attracting for that many 

marine organisms in their make these waters a place to migration e/their space to findfor 
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food and spawning (García-Reyes et al 2015; Chung & Gong 2019; Putra et al 2016; 

Wirasatriya et al 2020; Sukresno et al 2015; Putra & Mustika 2021).  
Results of tThe study during the west and east monsoons found 2 types of Natuna 

endemic fish, during the west and east monsoons, namely Harpodon nehereus and 

Dendrophysa russelli , which were found in the Natuna coastal waters, with a surface 

current velocity patterns ranging from 0.1 to 0.5 m/s, a chlorophyll-a sea level ranged 
ranging from 0.2 to 1.0 mm/m3, the an average SST ranged ranging from 28 to 30°C, 

and the an average water depth of the waters ranged ranging from 0 to 150 m. 

According to Siddique & Aktar 2011; Jin et al 2012; Bhattacharya et al 2016; Annisa et al 

2016; Suprapto 2017, found at the location of the appearance of Harpodon nehereus and 
Dendrophysa russelli in coastal waters that are directly connected to the sea, where the 

average sea surface temperature ranging ranged from 27 to 30°C, the sea surface 

currents ranged from 0.3 to 0.5 m s-1, and the average depth ranged from 0 to 20 

meters. Management A management of these endemic fish species needs to be donehas 
to be implemented so that these two species can bein order to preserve their populations  

sustainablesustainability. , Considering considering their 2 types of fish that have 

importsignificant economic value, the public's interest in taking them to improve the 

economy is even greatermakink them more susceptible to be overexploited. Therefore, 

there is a need for sustainable management of Harpodon nehereus and Dendrophysa 
russelli species in Natuna waters to be sustainable.  

 

Conclusions. The research results of the oceanographic variables analysis, mainly the 

depth, SST, chlorophyll-a content and the monsoonal current speed range, will support 
for the site selection and the attempt of the endemic fish conservation.  ,  Mainly mainly 

in the shallow water of the coastal areas arround Natuna islands. The research represent 

occurred during of the east season (May to October) and the west season (November to 

April) 2019. Range The of SST is ranged from 28.0 to 31.0oC, the current speed of west 
and east season ranged fromis 0.1 to 0.5 m/s, the chlorophyll-a content ranged from  is 

0.2 to 1.0 mg/m3,  and the depth ranged fromrange is 0 to 150 m. The two identified 

endemic fish are Harpodon nehereus and Dendrophysa russelli. 
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Abstract. The research is aimed to built the shallow water current spatial model and to analyse the 

seasonal sea surface temperature (SST), chlorophyll-a, bathymetry, and identify endemic fish in the 

Natuna islands seas. The research represent of east season (May to October) and west season 
(November to April) 2019. Range of SST is 28.0 to 31.0°C, current speed of west and east season is 0.1 

to 0.5 m s-1, chlorophyll-a content is 0.2 to 1.0 mg m-3, depth range is 0 to 150 m. Two endemic fish are 
Bombay duck fish (Harpodon nehereus) and goatee croacker fish (Dendrophysa russelli). 

Key Words: monsoons, Sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish.  

 

 
Introduction. Characteristics of Natuna Waters are influenced by seasons. According to 

Wyrtki 1961, Hartoko et al 2019, Nababan & Simamora 2012, and Deliama 2017, 

seasons in Indonesia are divided into northwest monsoons (west monsoons), southeast 

monsoons (east monsoons), and transitional monsoons or transitions between the two. 
At the time of transition, the wind direction is irregular, and it often rains suddenly. In 

coastal areas, the characteristics of the waters are also influenced by tides and input 

from the mainland. The waters of the southwest part of Natuna receive material input 

from rivers and anthropogenic activities. Several rivers flow into these waters, one of 

which is the Binjai River, the largest river in the region (Kusumaningtyas et al 2014; 
Nababan et al 2015). Natuna Sea borders with the South China Sea and countries in the 

ASEAN region; Vietnam, Cambodia, Singapore, Thailand, and Malaysia, so it is very 

strategic as one of the important international shipping lanes. The Natuna Sea is also a 

place for the mass exchange of water from the Indonesian Ocean to the South China Sea, 
which has a close interaction with the Monsoon that occurs in Indonesia, so it is 

necessary to know thoroughly about the characteristics of the water resources (Wyrtki 

1961; Nababan & Simamora 2012). 

Natuna Sea has high biodiversity because of its location directly opposite the 
South China Sea and the high seas, so there are many endemic species in the waters, 

including Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa 

russelii). With the existence of endemic species in Natuna Sea, it is necessary to conduct 

specific research in terms of oceanography, especially the surface current patterns, so 
that they can be the initial data in managing and conserving these species. Currents 

greatly affect the distribution pattern of chlorophyll-a and sea surface temperature as 

important oceanographic variables for pelagic fish in Natuna Sea.  

The remote sensing technology approach is very important in mapping the current 

velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 
Current Model. Current data was carried out by modeling currents between bathymetry 
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data and tidal data to obtain a model of marine distribution patterns in waters shallow, 

especially in Natuna Sea. This research was initial research in managing and conserving 
endemic species in Natuna Sea.   

 

Material and Method 

 
Description of the study site. The research was conducted in Natuna Sea, Natuna in 

2019 consisting of representing the eastern monsoon (May to October) and the West 

monsoon (November to April). The map of the research location can be seen in Figure 1. 

 

 
Figure 1. Station points of the field survey. 

 

Data collection. This research was conducted using field observation methods to 
identify endemic species in Natuna Sea, measuring field current patterns, and modeling 

current patterns and current velocity using Flow Model FM Mike 21. Satellite data 

processing was using Aqua Modis Level 3 with Chlorophyll-a data product, sea surface 

temperature (SST) and water depth using GEBCO (General Bathymetric Chart of the 
Oceans) data, then extracting data using the ArcGIS 10.8 application and then 

interpolating using the Kriging method referring to (Maro et al 2021; Hartoko 2010; 

Hartoko et al 2016; Afifa et al 2020; Wirasatriya et al 2020; Muskananfola et al 2021). 

 

Data analysis. Flow Model FM MIKE 21 Flow Model FM Hydrodynamic Module was used 
to simulate tidal and flow patterns. This module was based on the numerical solution of 

the two-dimensional water equation. The builder equations in this hydrodynamics module 

consisted of continuity and momentum equations to simulate current patterns, including: 

The continuity equation for the two-dimensional flow average depth (average continuity 
equation), which can be written as (Garcia-Reyes et al 2015; Hartoko et al 2016): 

 

  = 0        

 
Momentum equation for flow in the x-axis direction. 
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Momentum equation for flow in the y-direction. 

    
Notes: 

x,y  : Coordinate space functions 

h : Water depth 

ζ  : Sea level elevation 

p,q (x, y, f) : Density level  

g  : Gravitational acceleration   

ρ  : Water density  

vx, vy, vt             : Wind speed on the x and y axes. 

τbx τby  : Base shear stress   

τsx τsy  : Surface shear stress   

τxx, τxy, τyx, τyy : Turbulent shear stress  

ω : Coriolis parameter 

ρw : Seawater density 

 : Wind friction factor  

 
Results and Discussion 

 

Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the east monsoon (May to October). The current pattern in the east monsoon in May 

to October 2019 showed the dominant direction of arrival from the south to the north. 
Based on the difference in color gradients, it can be seen that the velocity of large 

currents occurred in some parts of the narrow waters flanked by two islands with a speed 

of 0.1 m s-1 to 0.5 m s-1. The map of the current distribution pattern can be seen in 

Figure 2. 
 

 
Figure 2. Distribution pattern of east monsoon currents in Natuna shallow coastal waters. 

 

The water current in the shallow coastal waters of Natuna was the Ekman current. It has 

a regular current pattern. The main generator of currents in these waters was the east 
monsoon that moved from the waters of Java and Sumatra, where the movement of this 

current entered from the south of the Natuna Sea which moved into the north and 

northeast of the Natuna waters. This can be caused by the influence of the east monsoon 

wind that moved from the Indian Ocean waters to the Pacific Ocean waters. The surface 
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current pattern in Natuna waters (Figure 2) showed a very different current direction in 

the east monsoon (May to October 2019). This current movement also had an impact on 
the distribution pattern of chlorophyll-a and sea surface temperature (SST) in the east 

monsoon in the coastal waters of Natuna, with the chlorophyll-a distribution ranging from 

0.2 to 1.0 mm m-3 and the SST ranging from 28.0 to 30.0°C. The distribution of 

chlorophyll-a and east monsoon SST can be seen in Figure 3A and Figure 3B. 
 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

Figure 3. A: Average Chlorophyll-a distribution of East Monsoon; B. Average SST 
distribution of East Monsoon. 

 

According to the average distribution of chlorophyll-a and SST range in the east monsoon 

in Natuna waters, it can be elaborated that there was an increase in chlorophyll-a in each 
coastal area reached 8.0 to 1.0 mm m-3 with an average SST range of 28.0 to 30.0°C. In 

the SST range between 28.0 to 29.0°C in the coastal area of Natuna, there was an 

increase in chlorophyll-a reaching 0.8 to 1.0 mm m-3. Comparing the increase in 

chlorophyll-a and SST to the current distribution pattern in the east monsoon (Figure 2) 

in Natuna waters, it can be shown that there was a confluence of currents in the coastal 
area which resulting in a water mass mixing that would increase nutrients and 

chlorophyll-a in the waters. This tendency would result in a decrease in sea surface 

temperature in Natuna waters.  

 
Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the west monsoon (November-April). Research on the distribution pattern of 

currents, average chlorophyll-a, and average sea surface temperature in the west 

monsoon in November to December 2019 in Natuna Waters using the MIKE 21 current 
distribution pattern model and Aqua Modis level 3 data, found the current distribution 

patterns in Natuna waters ranged from 0.1 m s-1 to 0.5 m s-1 in 2019. The current 

pattern distribution in the west monsoon can be seen in Figure 4.  
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Figure 4. Current distribution patterns of West Monsoon in Natuna Sea. 

 
Based on Figure 4 regarding the current distribution pattern in the West monsoon of the 

Natuna Sea, the direction and pattern of inflow were from the South China Sea, the 

northern part of Natuna. It was when on the West monsoon when the west wind from the 

Pacific Ocean that entered Indonesian waters through the South China Sea was high 
enough that increasing current speed of up to 0.5 m s-1, with a current color degradation 

pattern showing high clusters in the shallow waters of the Natuna Sea.  

The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm m-3 

and the average SST in the west monsoon ranged from 28.0 to 31.0°C. The distribution 
pattern of the average chlorophyll-a and the average SST in western monsoon in Natuna 

waters can be seen in Figure 5A and Figure 5B.  

 

 
Figure 5. A. Average chlorophyll-a in the west monsoon; B. Average SST in the west 

monsoon in Natuna waters. 

 
According to Figures 5A and 5B, it can be elaborated that there was an increase in 

chlorophyll-a reaching 0.7 mm m-3 in Natuna waters with an average SST range of 28.0 

to 29.0°C. Comparing with the current distribution patterns in the west monsoon (Figure 

4) in the Natuna waters, it can be explained that the main factor of the current direction 
pattern was the monsoon wind. In the west monsoon, the wind blew from the Pacific 

Ocean entering through the South China Sea into the Natuna waters with slower 

movement toward the coast due to the current collisions from the northern part and the 

north-western part of the Natuna Sea. This current collision resulted in an increase in 
chlorophyll-a and a decrease in SST in the shallow waters of the Natuna Sea.  

 

Natuna waters depth. The water depth data analysis in Natuna waters used GEBCO 

(General Bathymetric Chart of the Oceans) data. The data was cropped according to the 
research location, then was analyzed using 2D, and then was interpolated using a kriging 

distribution model. Results of the analysis found the depth of the natural waters ranged 

from 0 to 150 m. The results of the 2D model analysis can be seen in Figure 6.  
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Figure 6. Natuna waters depth. 

Based on the 2D model of the Natuna waters depth, it can be elaborated that in the 

northern part of Natuna towards the South China Sea, the depth range reached 150 m, 
while in the coastal part of Natuna, the depth ranged from 0 to 30 m.  

 

Endemic species in Natuna waters. Results of the field survey (observations) 

conducted in Natuna waters and data collection of the species caught in the location 

through analysis of local market distribution found two endemic fish species (fish that 
exist only in one particular place, and not in others), namely Bombay duck fish 

(Harpodon nehereus) and Goatee croaker fish (Dendrophysa russelli). Images of each 

species can be seen in Figure 7A and Figure 7B. 

 
 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
Figure 7. A: Bombay duck fish (Harpodon nehereus); B: Goatee croaker fish 

(Dendrophysa russelli). 

 

Bombay duck fish (Harpodon nehereus). Bombay duck fish has Phylum: Chordata; 

Class: Actinopterygii; Order: Aulopiformes; Family: Synodontidae; Genus: Harpadon; 
Species: H. Nehereus; Phylum: Chordata; Class: Pisces; Order: Myctophoide; Family: 

Scopelidae; Genus: Harpodon; Species: Harpodon neherous. Harpodon has a slightly 

flattened elongated body shape, the tip of the snout is short and rounded, and the tail fin 

has 3 parts; top, bottom, and middle as a continuation of the scale line. The teeth of the 
two jaws have various shapes; flat arch, large arch, and small arch. The body shape is 

bilaterally symmetrical, compressed, while the head shape is blunt (Siddique & Aktar 

A 

B 
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2011; Jin et al 2012; Bhattacharya et al 2016; Bo et al 2013; Salim et al 2020; 

Rupsankar 2010).  
Harpodon nehereus is a type of demersal fish, the preferred type of substrate is 

mud and fine sand, especially beaches close to river mouths (Kalhoroa et al 2020; Salim 

et al 2020; Bhattacharya et al 2016). The fish was located on the bottom of the waters 

with the speed of sea surface currents to breed in the range of 0.2 to 0.4 m/s with 
chlorophyll-a content ranging from 0.2 to 0.5 mm/m3 and an SST range ranging from 28 

to 30oC in every appearance of Harpodon nehereus at the bottom of the waters (Siddique 

& Aktar 2011; Bo et al 2013).  

Harpodon nehereus is a type of fish in Indonesian waters only found in the waters 
of Natuna and Bangka Belitung. This fish has important economic value in Natuna, 

Bangka Belitung, and several other coastal areas in Sumatera because it has important 

economic value. This fish needs to be protected and conserved in order to be sustainable.  

 
Goatee croaker fish (Dendrophysa russelli). Goatee croaker fish with classification 

Phylum: Chordata; Class: Actinopterygii; Order: Perciformes; Family: Sciaenidae; Genus: 

Dendrophysa; Species: D. russelii (Cuvier, 1829). This fish has a slightly flat elongated 

body (vertical), covered with scales to the head. The first and second dorsal fins are 

fused (Figure 7B). The back edge of the front gill cover is serrated. The special feature of 
the Gerot fish is a small mouth but covered by very thick lips (according to one of the 

local names of this fish). The pectoral fins are longer and tapered than the pelvic fins. 

The dorsal fin has 12 spines and 13 to 15 soft fin rays. Gerot fish has a silvery gray 

body-color, with 4-5 longitudinal dark gray stripes that are dashed and faint on the sides 
of the body. Three or four of these lines are above the lateral line of the body. On the 

dorsal fin, there are 2 to 3 bands of brown spots. This fish can reach a size of 80 cm, but 

generally between 40 to 50 cm (Annisa et al 2018; Suprapto 2017; Khairul et al 2018). 

This fish has an important economic value, especially in its swimming bubbles. The price 
of this fish is increasing highly because it has swimming bubbles which are very 

expensive and contains high collagen. This fish exists in sea waters close to rivers with a 

water temperature range of 28 to 30°C.  

 

Discussion. The results of the study found an average range from 0.1 to 0.5 m s for the 
current velocity in the east and west monsoons, in Natuna waters. In the east monsoon, 

the current moved from the south to the north of Natuna (towards the South China Sea). 

According to (Pamungkas 2018; Purba 2019; Maro et al 2021; Hartoko et al 2019; 

Wirasatriya et al 2020; Muskananfola et al 2021), during the east monsoon, the wind 
moved from the continent of Asia to the continent of Australia, while in the west 

monsoon, the wind will move from the Australian continent to the Asian continent. The 

influence of the monsoon wind would also affect the Natuna Coastal waters, especially 

due to their location in between the Natuna Sea, Sumatra Sea and the Java Sea, which is 
the monsoon wind flow area (Setyawan & Pamungkas 2017). The research found that 

there was a collision of currents that had an impact on the distribution pattern of 

chlorophyll-a and sea surface temperature (SST) in the East monsoon in the coastal 

waters of Natuna. The results of the analysis of the average distribution of chlorophyll-a 
were in the range of 0.2 to 1.0 mm m2 and the SST ranged from 28.0 to 30.0°C. The 

previous research (Muskananfola et al 2021; Pamungkas 2018; Maro et al 2021; Hartoko 

2010; Sukresno et al 2015; Sukresno et al 2018; Lebrec et al 2019) found that if there is 

a collision between the sea surface currents in a body of water, the chlorophyll-a will 

increase and the SST will decrease. This is common in the coastal areas, due to the 
presence of numerous small islands that are close to each other, thus blocking the 

movement of currents from deep waters to shallow waters. The se waters tend to have a 

high level of fertility so that many organisms roam in these waters for shelter, foraging 

and spawning. Conversely, in the West monsoon (November to December), the 
movement pattern of the current is from the northern part of Natuna (the South China 

Sea) to the Natuna coastal waters. The results of the study found that the current 

movement was influenced by the west monsoon, which blew strongly from the Pacific 

Ocean towards the South China Sea, then towards the Natuna Coast, the Sumatra Sea 
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and the Java Sea. According to (Hartoko et al 2019; Maro et al 2021; Wirasatriya et al 

2020; Muskananfola et al 2021) the movement of incoming currents from the northern 
part of Indonesia was caused by the west monsoon wind blowing from the Pacific Ocean 

to the Indian Ocean, resulting in a significant increase in the current speed during that 

season.  

During the West monsoon, an upwelling occurred in the Natuna coastal waters, 
resulting in a decrease of the SST and chlorophyll-a. Mixing the seawater masses (by 

upwelling) could decrease the SST and chlorophyll-a at sea level. Waters that have 

upwelling characteristics are fertile, in terms of nutrients and chlorophyll-a, which makes 

them attracting for many marine organisms in their migration for food and spawning 
(García-Reyes et al 2015; Chung & Gong 2019; Putra et al 2016; Wirasatriya et al 2020; 

Sukresno et al 2015; Putra & Mustika 2021).  

The study found 2 types ofendemic fish, during the west and east monsoons, 

namely Harpodon nehereus and Dendrophysa russelli, which were found in the Natuna 
coastal waters, with a surface current velocity ranging from 0.1 to 0.5 m s, a chlorophyll-

a sea level ranging from 0.2 to 1.0 mm m3, an average SST ranging from 28 to 30°C, 

and an average water depth ranging from 0 to 150 m. According to Siddique & Aktar 

2011; Jin et al 2012; Bhattacharya et al 2016; Annisa et al 2016; Suprapto 2017, at the 

location of the appearance of Harpodon nehereus and Dendrophysa russelli in coastal 
waters, the average sea surface temperature ranged from 27 to 30°C, the sea surface 

currents ranged from 0.3 to 0.5 m s-1 and the average depth ranged from 0 to 20 

meters. A management of these endemic fish species has to be implemented in order to 

preserve their populations sustainability, considering their significant economic value, 
makink them more susceptible to be overexploited. Therefore, there is a need for 

sustainable management of Harpodon nehereus and Dendrophysa russelli species in 

Natuna waters to be sustainable.  Therefore, it is necessary to manage the species 

Harpodon nehereus and Dendrophysa russelli in Natuna waters in order to remain 
sustainable. 

 

Conclusions. The research results of the oceanographic variables analysis, mainly the 

depth, SST, chlorophyll-a content and monsoonal current speed, will support the site 

selection and the attempt of endemic fish conservation, mainly in the shallow water of 
the coastal areas arround Natuna islands. The research occurred during the east season 

(May to October) and the west season (November to April) 2019. The SST ranged from 

28.0 to 31.0oC, the current speed of west and east season ranged from 0.1 to 0.5 m/s, 

the chlorophyll-a content ranged from 0.2 to 1.0 mg m3 and the depth ranged from 0 to 
150 m. The two identified endemic fish are Harpodon nehereus and Dendrophysa russelli. 
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Abstract. The research was aimed to built the shallow water current spatial model and to analyse the 

seasonal sea surface temperature (SST), chlorophyll-a, bathymetry, and identify endemic fish in the 

Natuna islands seas. The research represent of east season (May to October) and west season 
(November to April) 2019. Range of SST was 28.0 to 31.0°C, current speed of west and east season was 

0.1 to 0.5 m s-1, chlorophyll-a content was 0.2 to 1.0 mg m-3, depth range was 0 to 150 m. Two endemic 
fish were found Bombay duck fish (Harpodon nehereus) and goatee croacker fish (Dendrophysa russelli). 

Key Words: monsoons, sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish.  

 

 
Introduction. Characteristics of Natuna Waters are influenced by seasons. According to 

Wyrtki (1961), Hartoko et al (2019), Nababan & Simamora (2012), and Deliama (2017), 

seasons in Indonesia are divided into northwest monsoons (west monsoons), southeast 

monsoons (east monsoons), and transitional monsoons or transitions between the two. 
At the time of transition, the wind direction is irregular, and it often rains suddenly. In 

coastal areas, the characteristics of the waters are also influenced by tides and input 

from the mainland. The waters of the southwest part of Natuna receive material input 

from rivers and anthropogenic activities. Several rivers flow into these waters, one of 

which is the Binjai River, the largest river in the region (Kusumaningtyas et al 2014; 
Nababan et al 2015). Natuna Sea borders with the South China Sea and countries in the 

ASEAN region; Vietnam, Cambodia, Singapore, Thailand, and Malaysia, so it is very 

strategic as one of the important international shipping lanes. The Natuna Sea is also a 

place for the mass exchange of water from the Indonesian Ocean to the South China Sea, 
which has a close interaction with the Monsoon that occurs in Indonesia, so it is 

necessary to know thoroughly about the characteristics of the water resources (Wyrtki 

1961; Nababan & Simamora 2012). 

Natuna Sea has high biodiversity because of its location directly opposite the 
South China Sea and the high seas, so there are many endemic species in the waters, 

including Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa 

russelii). With the existence of endemic species in Natuna Sea, it is necessary to conduct 

specific research in terms of oceanography, especially the surface current patterns, so 
that they can be the initial data in managing and conserving these species. Currents 

greatly affect the distribution pattern of chlorophyll-a and sea surface temperature as 

important oceanographic variables for pelagic fish in Natuna Sea.  

The remote sensing technology approach is very important in mapping the current 

velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 
Current Model. Current data was carried out by modeling currents between bathymetry 
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data and tidal data to obtain a model of marine distribution patterns in waters shallow, 

especially in Natuna Sea. This research represents an initial research in managing and 
conserving endemic species in Natuna Sea.   

 

Material and Method 

 
Description of the study site. The research was conducted in Natuna Sea, Natuna in 

2019 consisting of representing the eastern monsoon (May to October) and the West 

monsoon (November to April). The map of the research location can be seen in Figure 1. 

 

 
Figure 1. Station points of the field survey. 

 

Data collection. This research was conducted using field observation methods to 
identify endemic species in Natuna Sea, measuring field current patterns, and modeling 

current patterns and current velocity using Flow Model FM Mike 21. Satellite data 

processing was using Aqua Modis Level 3 with Chlorophyll-a data product, sea surface 

temperature (SST) and water depth using GEBCO (General Bathymetric Chart of the 
Oceans) data, then extracting data using the ArcGIS 10.8 application and then 

interpolating using the Kriging method referring to (Maro et al 2021; Hartoko 2010; 

Hartoko et al 2016; Afifa et al 2020; Wirasatriya et al 2020; Muskananfola et al 2021). 

 

Data analysis. Flow Model FM MIKE 21 Flow Model FM Hydrodynamic Module was used 
to simulate tidal and flow patterns. This module was based on the numerical solution of 

the two-dimensional water equation. The builder equations in this hydrodynamics module 

consisted of continuity and momentum equations to simulate current patterns, including: 

The continuity equation for the two-dimensional flow average depth (average continuity 
equation), which can be written as (Garcia-Reyes et al 2015; Hartoko et al 2016): 

 

  = 0  

 
Momentum equation for flow in the x-axis direction. 

 

Momentum equation for flow in the y-direction. 
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Where: 

x,y - coordinate space functions; 

h - water depth; 
ζ - sea level elevation; 

p,q (x, y, f) - density level;  

g - gravitational acceleration;   

ρ - water density;  
vx, vy, vt - wind speed on the x and y axes; 

τbx τby - base shear stress;   

τsx τsy - surface shear stress;   

τxx, τxy, τyx, τyy - turbulent shear stress;  
ω - coriolis parameter; 

ρw - seawater density; 

fv - wind friction factor. 

 

Results and Discussion 
 

Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the east monsoon (May to October). The current pattern in the east monsoon in May 

to October 2019 showed the dominant direction of arrival from the south to the north. 
Based on the difference in color gradients, it can be seen that the velocity of large 

currents occurred in some parts of the narrow waters flanked by two islands with a speed 

of 0.1 m s-1 to 0.5 m s-1. The map of the current distribution pattern can be seen in 

Figure 2. 
 

 
Figure 2. Distribution pattern of east monsoon currents in Natuna shallow coastal waters. 

 

The water current in the shallow coastal waters of Natuna was the Ekman current. It has 

a regular current pattern. The main generator of currents in these waters was the east 
monsoon that moved from the waters of Java and Sumatra, where the movement of this 

current entered from the south of the Natuna Sea which moved into the north and 

northeast of the Natuna waters. This can be caused by the influence of the east monsoon 

wind that moved from the Indian Ocean waters to the Pacific Ocean waters. The surface 

current pattern in Natuna waters (Figure 2) showed a very different current direction in 
the east monsoon (May to October 2019). This current movement also had an impact on 

the distribution pattern of chlorophyll-a and sea surface temperature (SST) in the east 

monsoon in the coastal waters of Natuna, with the chlorophyll-a distribution ranging from 
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0.2 to 1.0 mm m-2 and the SST ranging from 28.0 to 30.0°C. The distribution of 

chlorophyll-a and east monsoon SST can be seen in Figure 3A and Figure 3B. 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Figure 3. A: Average Chlorophyll-a distribution of East Monsoon; B. Average SST 
distribution of East Monsoon. 

 

According to the average distribution of chlorophyll-a and SST range in the east monsoon 

in Natuna waters, it can be elaborated that there was an increase in chlorophyll-a in each 
coastal area reached 8.0 to 1.0 mm m-3 with an average SST range of 28.0 to 30.0°C. In 

the SST range between 28.0 to 29.0°C in the coastal area of Natuna, there was an 

increase in chlorophyll-a reaching 0.8 to 1.0 mm m-3. Comparing the increase in 

chlorophyll-a and SST to the current distribution pattern in the east monsoon (Figure 2) 
in Natuna waters, it can be shown that there was a confluence of currents in the coastal 

area which resulting in a water mass mixing that would increase nutrients and 

chlorophyll-a in the waters. This tendency would result in a decrease in sea surface 

temperature in Natuna waters.  

 
Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the west monsoon (November-April). Research on the distribution pattern of 

currents, average chlorophyll-a, and average sea surface temperature in the west 

monsoon in November to December 2019 in Natuna Waters using the MIKE 21 current 
distribution pattern model and Aqua Modis level 3 data, found the current distribution 

patterns in Natuna waters ranged from 0.1 m s-1 to 0.5 m s-1 in 2019. The current 

pattern distribution in the west monsoon can be seen in Figure 4.  

 
 

 

 

 
 

 

 

 

 
 

 

 

 
Figure 4. Current distribution patterns of West Monsoon in Natuna Sea. 

 

Based on Figure 4 regarding the current distribution pattern in the West monsoon of the 

Natuna Sea, the direction and pattern of inflow were from the South China Sea, the 
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northern part of Natuna. It was when on the West monsoon when the west wind from the 

Pacific Ocean that entered Indonesian waters through the South China Sea was high 
enough that increasing current speed of up to 0.5 m s-1, with a current color degradation 

pattern showing high clusters in the shallow waters of the Natuna Sea.  

The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm m-3 

and the average SST in the west monsoon ranged from 28.0 to 31.0°C. The distribution 
pattern of the average chlorophyll-a and the average SST in western monsoon in Natuna 

waters can be seen in Figure 5A and Figure 5B.  

 

 
Figure 5. A. Average chlorophyll-a in the west monsoon; B. Average SST in the west 

monsoon in Natuna waters. 
 

According to Figures 5A and 5B, it can be elaborated that there was an increase in 

chlorophyll-a reaching 0.7 mm m-3 in Natuna waters with an average SST range of 28.0 

to 29.0°C. Comparing with the current distribution patterns in the west monsoon (Figure 

4) in the Natuna waters, it can be explained that the main factor of the current direction 
pattern was the monsoon wind. In the west monsoon, the wind blew from the Pacific 

Ocean entering through the South China Sea into the Natuna waters with slower 

movement toward the coast due to the current collisions from the northern part and the 

north-western part of the Natuna Sea. This current collision resulted in an increase in 
chlorophyll-a and a decrease in SST in the shallow waters of the Natuna Sea.  

 

Natuna waters depth. The water depth data analysis in Natuna waters used GEBCO 

(General Bathymetric Chart of the Oceans) data. The data was cropped according to the 
research location, then was analyzed using 2D, and then was interpolated using a kriging 

distribution model. Results of the analysis found the depth of the natural waters ranged 

from 0 to 150 m. The results of the 2D model analysis can be seen in Figure 6.  

 

 
Figure 6. Natuna waters depth. 
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Based on the 2D model of the Natuna waters depth, it can be elaborated that in the 

northern part of Natuna towards the South China Sea, the depth range reached 150 m, 
while in the coastal part of Natuna, the depth ranged from 0 to 30 m.  

 

Endemic species in Natuna waters. Results of the field survey (observations) 

conducted in Natuna waters and data collection of the species caught in the location 
through analysis of local market distribution found 2 endemic fish species (fish that exist 

only in one particular place, and not in others), namely Bombay duck fish (H. nehereus) 

and Goatee croaker fish (Dendrophysa russelli). Images of each species can be seen in 

Figure 7A and Figure 7B. 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Figure 7. A: Bombay duck fish (Harpodon nehereus); B: Goatee croaker fish 
(Dendrophysa russelli). 

 

Bombay duck fish (H. nehereus). Bombay duck fish has phylum: Chordata; class: 

Actinopterygii; order: Aulopiformes; family: Synodontidae; genus: Harpadon; species: H. 
nehereus; phylum: Chordata; class: Pisces; order: Myctophoide; family: Scopelidae; 

Genus: Harpodon; species: H. neherous. Lomek fish has a slightly flattened elongated 

body shape, the tip of the snout is short and rounded, and the tail fin has 3 parts: top, 

bottom, and middle as a continuation of the scale line. The teeth of the two jaws have 
various shapes; flat arch, large arch, and small arch. The body shape is bilaterally 

symmetrical, compressed, while the head shape is blunt (Siddique & Aktar 2011; Jin et al 

2012; Bhattacharya et al 2016; Bo et al 2013; Salim et al 2020; Rupsankar 2010).  

H. nehereus is a type of demersal fish, the preferred type of substrate is mud and 
fine sand, especially beaches close to river mouths (Kalhoroa et al 2020; Salim et al 

2020; Bhattacharya et al 2016). The fish was located on the bottom of the waters with 

the speed of sea surface currents to breed in the range of 0.2 to 0.4 m s-1 with 

chlorophyll-a content ranging from 0.2 to 0.5 mm m-3 and an SST range ranging from 28 

to 30oC in every appearance of H. nehereus at the bottom of the waters (Siddique & 
Aktar 2011; Bo et al 2013).  

H. nehereus is a type of fish in Indonesian waters only found in the waters of 

Natuna and Bangka Belitung. This fish has important economic value in Natuna, Bangka 

Belitung, and several other coastal areas in Sumatra because it has important economic 
value. This fish needs to be protected and conserved in order to be sustainable.  

 

Goatee croaker fish (D. russelli). Goatee croaker fish with classification phylum: 

Chordata; class: Actinopterygii; order: Perciformes; family: Sciaenidae; genus: 

A 

B 
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Dendrophysa; species: D. russelii (Cuvier, 1829). This fish has a slightly flat elongated 

body (vertical), covered with scales to the head. The first and second dorsal fins are 
fused (Figure 7B). The back edge of the front gill cover is serrated. The special feature of 

the Gerot fish is a small mouth but covered by very thick lips (according to one of the 

local names of this fish). The pectoral fins are longer and tapered than the pelvic fins. 

The dorsal fin has 12 spines and 13 to 15 soft fin rays. Gerot fish has a silvery gray 
body-color, with 4-5 longitudinal dark gray stripes that are dashed and faint on the sides 

of the body. Three or four of these lines are above the lateral line of the body. On the 

dorsal fin, there are 2 to 3 bands of brown spots. This fish can reach a size of 80 cm, but 

generally between 40 to 50 cm (Annisa et al 2018; Suprapto 2017; Khairul et al 2018). 
This fish has an important economic value, especially in its swimming bubbles. The price 

of this fish is increasing highly because it has swimming bubbles which are very 

expensive and contains high collagen. This fish exists in sea waters close to rivers with a 

water temperature range of 28 to 30°C.  
 

Discussion. The results of the study found an average range from 0.1 to 0.5 m s-1 for 

the current velocity in the east and west monsoons, in Natuna waters. In the east 

monsoon, the current moved from the south to the north of Natuna (towards the South 

China Sea). According to (Pamungkas 2018; Purba 2019; Maro et al 2021; Hartoko et al 
2019; Wirasatriya et al 2020; Muskananfola et al 2021), during the east monsoon, the 

wind moved from the continent of Asia to the continent of Australia, while in the west 

monsoon, the wind will move from the Australian continent to the Asian continent. The 

influence of the monsoon wind would also affect the Natuna Coastal waters, especially 
due to their location in between the Natuna Sea, Sumatra Sea and the Java Sea, which is 

the monsoon wind flow area (Setyawan & Pamungkas 2017). The research found that 

there was a collision of currents that had an impact on the distribution pattern of 

chlorophyll-a and sea surface temperature (SST) in the East monsoon in the coastal 
waters of Natuna. The results of the analysis of the average distribution of chlorophyll-a 

were in the range of 0.2 to 1.0 mm m-2 and the SST ranged from 28.0 to 30.0°C. The 

previous research (Muskananfola et al 2021; Pamungkas 2018; Maro et al 2021; Hartoko 

2010; Sukresno et al 2015; Sukresno et al 2018; Lebrec et al 2019) found that if there is 

a collision between the sea surface currents in a body of water, the chlorophyll-a will 
increase and the SST will decrease. This is common in the coastal areas, due to the 

presence of numerous small islands that are close to each other, thus blocking the 

movement of currents from deep waters to shallow waters. These waters tend to have a 

high level of fertility so that many organisms roam in these waters for shelter, foraging 
and spawning. Conversely, in the West monsoon (November to December), the 

movement pattern of the current is from the northern part of Natuna (the South China 

Sea) to the Natuna coastal waters. The results of the study found that the current 

movement was influenced by the west monsoon, which blew strongly from the Pacific 
Ocean towards the South China Sea, then towards the Natuna Coast, the Sumatra Sea 

and the Java Sea. According to (Hartoko et al 2019; Maro et al 2021; Wirasatriya et al 

2020; Muskananfola et al 2021) the movement of incoming currents from the northern 

part of Indonesia was caused by the west monsoon wind blowing from the Pacific Ocean 
to the Indian Ocean, resulting in a significant increase in the current speed during that 

season.  

During the West monsoon, an upwelling occurred in the Natuna coastal waters, 

resulting in a decrease of the SST and chlorophyll-a. Mixing the seawater masses (by 

upwelling) could decrease the SST and chlorophyll-a at sea level. Waters that have 
upwelling characteristics are fertile, in terms of nutrients and chlorophyll-a, which makes 

them attracting for many marine organisms in their migration for food and spawning 

(García-Reyes et al 2015; Chung & Gong 2019; Putra et al 2016; Wirasatriya et al 2020; 

Sukresno et al 2015; Putra & Mustika 2021).  
The study found 2 types ofendemic fish, during the west and east monsoons, 

namely H. nehereus and D. russelli, which were found in the Natuna coastal waters, with 

a surface current velocity ranging from 0.1 to 0.5 m s-1, a chlorophyll-a sea level ranging 

from 0.2 to 1.0 mm m-3, an average SST ranging from 28 to 30°C, and an average water 
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depth ranging from 0 to 150 m. According to Siddique & Aktar (2011), Jin et al (2012), 

Bhattacharya et al (2016), Annisa et al (2016), and Suprapto (2017), at the location of 
the appearance of H. nehereus and D. russelli in coastal waters, the average sea surface 

temperature ranged from 27 to 30°C, the sea surface currents ranged from 0.3 to 0.5 m s-1 

and the average depth ranged from 0 to 20 m. A management of these endemic fish 

species has to be implemented in order to preserve their populations sustainability, 
considering their significant economic value, makink them more susceptible to be 

overexploited. Therefore, it is necessary to manage the species H. nehereus and D. 

russelli in Natuna waters in order to remain sustainable. 

 
Conclusions. The research results of the oceanographic variables analysis, mainly the 

depth, SST, chlorophyll-a content and monsoonal current speed, will support the site 

selection and the attempt of endemic fish conservation,  mainly in the shallow water of 

the coastal areas arround Natuna islands. The research occurred during the east season 
(May to October) and the west season (November to April) 2019. The SST ranged from 

28.0 to 31.0oC, the current speed of west and east season ranged from 0.1 to 0.5 m s-1, 

the chlorophyll-a content ranged from 0.2 to 1.0 mg m-3 and the depth ranged from 0 to 

150 m. The two identified endemic fish are H. nehereus and D. russelli. 
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Abstract. The research was aimed to built the shallow water current spatial model and to analyse the 

seasonal sea surface temperature (SST), chlorophyll-a, bathymetry, and identify endemic fish in the 

Natuna islands seas. The research represent of east season (May to October) and west season 
(November to April) 2019. Range of SST was 28.0 to 31.0°C, current speed of west and east season was 

0.1 to 0.5 m s-1, chlorophyll-a content was 0.2 to 1.0 mg m-3, depth range was 0 to 150 m. Two endemic 
fish were found Bombay duck fish (Harpodon nehereus) and goatee croacker fish (Dendrophysa russelli). 

Key Words: monsoons, sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish.  

 
Abstract. Natuna Sea has high biodiversity because of its location directly opposite the South China Sea 

and the high seas, so there are many endemic species in the waters. Currents greatly affect the 

distribution pattern of chlorophyll-a and sea surface temperature as important oceanographic variables 
for pelagic fish in Natuna Sea. The remote sensing technology approach is very important in mapping the 

current velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 Current 

Model. The research was conducted in Natuna Sea in 2019 consisting of representing the eastern 
monsoon (May to October) and the West monsoon (November to April). Flow Model FM MIKE 21 Flow 

Model FM Hydrodynamic Module was used to simulate tidal and flow patterns. The current pattern in the 
east monsoon in May to October 2019 showed the dominant direction of arrival from the south to the 

north. currents, average chlorophyll-a, and average sea surface temperature in the west monsoon in 

November to December 2019 in Natuna Waters using the MIKE 21 current distribution pattern model and 
Aqua Modis level 3 data, found the current distribution patterns in Natuna waters ranged from 0.1 m s-1 

to 0.5 m s-1. The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm m-3 and the 
average SST in the west monsoon ranged from 28.0 to 31.0°C. The results of the field survey conducted 

in Natuna waters are found 2 endemic fish species (fish that exist only in one particular place, and not in 

others), namely Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa russelli). 
Key Words: monsoons, sea surface temperature, chlorophyll-a, Bombay duck fish, goatee croacker fish.  

 

 

Introduction. Characteristics of Natuna Waters are influenced by seasons. According to 
Wyrtki (1961), Hartoko et al (2019), Nababan & Simamora (2012), and Deliama (2017), 

seasons in Indonesia are divided into northwest monsoons (west monsoons), southeast 

monsoons (east monsoons), and transitional monsoons or transitions between the two. 

At the time of transition, the wind direction is irregular, and it often rains suddenly. In 
coastal areas, the characteristics of the waters are also influenced by tides and input 

from the mainland. The waters of the southwest part of Natuna receive material input 

from rivers and anthropogenic activities. Several rivers flow into these waters, one of 

which is the Binjai River, the largest river in the region (Kusumaningtyas et al 2014; 
Nababan et al 2015). Natuna Sea borders with the South China Sea and countries in the 

ASEAN region; Vietnam, Cambodia, Singapore, Thailand, and Malaysia, so it is very 

strategic as one of the important international shipping lanes. The Natuna Sea is also a 

place for the mass exchange of water from the Indonesian Ocean to the South China Sea, 
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which has a close interaction with the Monsoon that occurs in Indonesia, so it is 

necessary to know thoroughly about the characteristics of the water resources (Wyrtki 
1961; Nababan & Simamora 2012). 

Natuna Sea has high biodiversity because of its location directly opposite the 

South China Sea and the high seas, so there are many endemic species in the waters, 

including Bombay duck fish (Harpodon nehereus) and Goatee croaker fish (Dendrophysa 
russelii). With the existence of endemic species in Natuna Sea, it is necessary to conduct 

specific research in terms of oceanography, especially the surface current patterns, so 

that they can be the initial data in managing and conserving these species. Currents 

greatly affect the distribution pattern of chlorophyll-a and sea surface temperature as 
important oceanographic variables for pelagic fish in Natuna Sea.  

The remote sensing technology approach is very important in mapping the current 

velocity distribution pattern in Natuna Sea with an analysis model using the MIKE 21 

Current Model. Current data was carried out by modeling currents between bathymetry 
data and tidal data to obtain a model of marine distribution patterns in waters shallow, 

especially in Natuna Sea. This research represents an initial research in managing and 

conserving endemic species in Natuna Sea.   

 

Material and Method 
 

Description of the study site. The research was conducted in Natuna Sea, Natuna in 

2019 consisting of representing the eastern monsoon (May to October) and the West 

monsoon (November to April). The map of the research location can be seen in Figure 1. 

 

 
Figure 1. Station points of the field survey. 

 
Data collection. This research was conducted using field observation methods to 

identify endemic species in Natuna Sea, measuring field current patterns, and modeling 

current patterns and current velocity using Flow Model FM Mike 21. Satellite data 

processing was using Aqua Modis Level 3 with Chlorophyll-a data product, sea surface 
temperature (SST) and water depth using GEBCO (General Bathymetric Chart of the 

Oceans) data, then extracting data using the ArcGIS 10.8 application and then 

interpolating using the Kriging method referring to (Maro et al 2021; Hartoko 2010; 

Hartoko et al 2016; Afifa et al 2020; Wirasatriya et al 2020; Muskananfola et al 2021). 
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Data analysis. Flow Model FM MIKE 21 Flow Model FM Hydrodynamic Module was used 

to simulate tidal and flow patterns. This module was based on the numerical solution of 
the two-dimensional water equation. The builder equations in this hydrodynamics module 

consisted of continuity and momentum equations to simulate current patterns, including: 

The continuity equation for the two-dimensional flow average depth (average continuity 

equation), which can be written as (Garcia-Reyes et al 2015; Hartoko et al 2016): 
 

  = 0  

 
Momentum equation for flow in the x-axis direction. 

 

Momentum equation for flow in the y-direction. 

 
Where: 

x,y - coordinate space functions; 
h - water depth; 

ζ - sea level elevation; 

p,q (x, y, f) - density level;  

g - gravitational acceleration;   

ρ - water density;  
vx, vy, vt - wind speed on the x and y axes; 

τbx τby - base shear stress;   

τsx τsy - surface shear stress;   

τxx, τxy, τyx, τyy - turbulent shear stress;  
ω - coriolis parameter; 

ρw - seawater density; 

fv - wind friction factor. 

 
Results and Discussion 

 

Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the east monsoon (May to October). The current pattern in the east monsoon in May 
to October 2019 showed the dominant direction of arrival from the south to the north. 

Based on the difference in color gradients, it can be seen that the velocity of large 

currents occurred in some parts of the narrow waters flanked by two islands with a speed 

of 0.1 m s-1 to 0.5 m s-1. The map of the current distribution pattern can be seen in 

Figure 2. 
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Figure 2. Distribution pattern of east monsoon currents in Natuna shallow coastal waters. 

 

The water current in the shallow coastal waters of Natuna was the Ekman current. It has 
a regular current pattern. The main generator of currents in these waters was the east 

monsoon that moved from the waters of Java and Sumatra, where the movement of this 

current entered from the south of the Natuna Sea which moved into the north and 

northeast of the Natuna waters. This can be caused by the influence of the east monsoon 
wind that moved from the Indian Ocean waters to the Pacific Ocean waters. The surface 

current pattern in Natuna waters (Figure 2) showed a very different current direction in 

the east monsoon (May to October 2019). This current movement also had an impact on 

the distribution pattern of chlorophyll-a and sea surface temperature (SST) in the east 
monsoon in the coastal waters of Natuna, with the chlorophyll-a distribution ranging from 

0.2 to 1.0 mm m-2 and the SST ranging from 28.0 to 30.0°C. The distribution of 

chlorophyll-a and east monsoon SST can be seen in Figure 3A and Figure 3B. 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

Figure 3. A: Average Chlorophyll-a distribution of East Monsoon; B. Average SST 

distribution of East Monsoon. 

 
According to the average distribution of chlorophyll-a and SST range in the east monsoon 

in Natuna waters, it can be elaborated that there was an increase in chlorophyll-a in each 

coastal area reached 8.0 to 1.0 mm m-3 with an average SST range of 28.0 to 30.0°C. In 

the SST range between 28.0 to 29.0°C in the coastal area of Natuna, there was an 
increase in chlorophyll-a reaching 0.8 to 1.0 mm m-3. Comparing the increase in 

chlorophyll-a and SST to the current distribution pattern in the east monsoon (Figure 2) 

in Natuna waters, it can be shown that there was a confluence of currents in the coastal 

area which resulting in a water mass mixing that would increase nutrients and 
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chlorophyll-a in the waters. This tendency would result in a decrease in sea surface 

temperature in Natuna waters.  
 

Distribution pattern of currents, chlorophyll-a and sea surface temperature in 

the west monsoon (November-April). Research on the distribution pattern of 

currents, average chlorophyll-a, and average sea surface temperature in the west 
monsoon in November to December 2019 in Natuna Waters using the MIKE 21 current 

distribution pattern model and Aqua Modis level 3 data, found the current distribution 

patterns in Natuna waters ranged from 0.1 m s-1 to 0.5 m s-1 in 2019. The current 

pattern distribution in the west monsoon can be seen in Figure 4.  
 

 

 

 
 

 

 

 

 
 

 

 

 
 

Figure 4. Current distribution patterns of West Monsoon in Natuna Sea. 

 

Based on Figure 4 regarding the current distribution pattern in the West monsoon of the 
Natuna Sea, the direction and pattern of inflow were from the South China Sea, the 

northern part of Natuna. It was when on the West monsoon when the west wind from the 

Pacific Ocean that entered Indonesian waters through the South China Sea was high 

enough that increasing current speed of up to 0.5 m s-1, with a current color degradation 

pattern showing high clusters in the shallow waters of the Natuna Sea.  
The average chlorophyll-a in the west monsoon ranged from 0.1 to 0.7 mm m-3 

and the average SST in the west monsoon ranged from 28.0 to 31.0°C. The distribution 

pattern of the average chlorophyll-a and the average SST in western monsoon in Natuna 

waters can be seen in Figure 5A and Figure 5B.  
 

 
Figure 5. A. Average chlorophyll-a in the west monsoon; B. Average SST in the west 

monsoon in Natuna waters. 

 

According to Figures 5A and 5B, it can be elaborated that there was an increase in 
chlorophyll-a reaching 0.7 mm m-3 in Natuna waters with an average SST range of 28.0 

to 29.0°C. Comparing with the current distribution patterns in the west monsoon (Figure 
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4) in the Natuna waters, it can be explained that the main factor of the current direction 

pattern was the monsoon wind. In the west monsoon, the wind blew from the Pacific 
Ocean entering through the South China Sea into the Natuna waters with slower 

movement toward the coast due to the current collisions from the northern part and the 

north-western part of the Natuna Sea. This current collision resulted in an increase in 

chlorophyll-a and a decrease in SST in the shallow waters of the Natuna Sea.  
 

Natuna waters depth. The water depth data analysis in Natuna waters used GEBCO 

(General Bathymetric Chart of the Oceans) data. The data was cropped according to the 

research location, then was analyzed using 2D, and then was interpolated using a kriging 
distribution model. Results of the analysis found the depth of the natural waters ranged 

from 0 to 150 m. The results of the 2D model analysis can be seen in Figure 6.  

 

 
Figure 6. Natuna waters depth. 

 

Based on the 2D model of the Natuna waters depth, it can be elaborated that in the 
northern part of Natuna towards the South China Sea, the depth range reached 150 m, 

while in the coastal part of Natuna, the depth ranged from 0 to 30 m.  

 

Endemic species in Natuna waters. Results of the field survey (observations) 
conducted in Natuna waters and data collection of the species caught in the location 

through analysis of local market distribution found 2 endemic fish species (fish that exist 

only in one particular place, and not in others), namely Bombay duck fish (H. nehereus) 

and Goatee croaker fish (Dendrophysa russelli). Images of each species can be seen in 

Figure 7A and Figure 7B. 
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Figure 7. A: Bombay duck fish (Harpodon nehereus); B: Goatee croaker fish 

(Dendrophysa russelli). 

 

Bombay duck fish (H. nehereus). Bombay duck fish has phylum: Chordata; class: 
Actinopterygii; order: Aulopiformes; family: Synodontidae; genus: Harpadon; species: H. 

nehereus; phylum: Chordata; class: Pisces; order: Myctophoide; family: Scopelidae; 

Genus: Harpodon; species: H. neherous. Lomek fish has a slightly flattened elongated 

body shape, the tip of the snout is short and rounded, and the tail fin has 3 parts: top, 
bottom, and middle as a continuation of the scale line. The teeth of the two jaws have 

various shapes; flat arch, large arch, and small arch. The body shape is bilaterally 

symmetrical, compressed, while the head shape is blunt (Siddique & Aktar 2011; Jin et al 

2012; Bhattacharya et al 2016; Bo et al 2013; Salim et al 2020; Rupsankar 2010).  
H. nehereus is a type of demersal fish, the preferred type of substrate is mud and 

fine sand, especially beaches close to river mouths (Kalhoroa et al 2020; Salim et al 

2020; Bhattacharya et al 2016). The fish was located on the bottom of the waters with 

the speed of sea surface currents to breed in the range of 0.2 to 0.4 m s-1 with 

chlorophyll-a content ranging from 0.2 to 0.5 mm m-3 and an SST range ranging from 28 
to 30oC in every appearance of H. nehereus at the bottom of the waters (Siddique & 

Aktar 2011; Bo et al 2013).  

H. nehereus is a type of fish in Indonesian waters only found in the waters of 

Natuna and Bangka Belitung. This fish has important economic value in Natuna, Bangka 
Belitung, and several other coastal areas in Sumatra because it has important economic 

value. This fish needs to be protected and conserved in order to be sustainable.  

 

Goatee croaker fish (D. russelli). Goatee croaker fish with classification phylum: 
Chordata; class: Actinopterygii; order: Perciformes; family: Sciaenidae; genus: 

Dendrophysa; species: D. russelii (Cuvier, 1829). This fish has a slightly flat elongated 

body (vertical), covered with scales to the head. The first and second dorsal fins are 

fused (Figure 7B). The back edge of the front gill cover is serrated. The special feature of 

the Gerot fish is a small mouth but covered by very thick lips (according to one of the 
local names of this fish). The pectoral fins are longer and tapered than the pelvic fins. 

The dorsal fin has 12 spines and 13 to 15 soft fin rays. Gerot fish has a silvery gray 

body-color, with 4-5 longitudinal dark gray stripes that are dashed and faint on the sides 

of the body. Three or four of these lines are above the lateral line of the body. On the 
dorsal fin, there are 2 to 3 bands of brown spots. This fish can reach a size of 80 cm, but 

generally between 40 to 50 cm (Annisa et al 2018; Suprapto 2017; Khairul et al 2018). 

This fish has an important economic value, especially in its swimming bubbles. The price 

of this fish is increasing highly because it has swimming bubbles which are very 
expensive and contains high collagen. This fish exists in sea waters close to rivers with a 

water temperature range of 28 to 30°C.  

 

Discussion. The results of the study found an average range from 0.1 to 0.5 m s-1 for 
the current velocity in the east and west monsoons, in Natuna waters. In the east 

monsoon, the current moved from the south to the north of Natuna (towards the South 

China Sea). According to (Pamungkas 2018; Purba 2019; Maro et al 2021; Hartoko et al 

2019; Wirasatriya et al 2020; Muskananfola et al 2021), during the east monsoon, the 

wind moved from the continent of Asia to the continent of Australia, while in the west 
monsoon, the wind will move from the Australian continent to the Asian continent. The 

influence of the monsoon wind would also affect the Natuna Coastal waters, especially 

due to their location in between the Natuna Sea, Sumatra Sea and the Java Sea, which is 

the monsoon wind flow area (Setyawan & Pamungkas 2017). The research found that 
there was a collision of currents that had an impact on the distribution pattern of 

chlorophyll-a and sea surface temperature (SST) in the East monsoon in the coastal 

waters of Natuna. The results of the analysis of the average distribution of chlorophyll-a 

were in the range of 0.2 to 1.0 mm m-2 and the SST ranged from 28.0 to 30.0°C. The 
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previous research (Muskananfola et al 2021; Pamungkas 2018; Maro et al 2021; Hartoko 

2010; Sukresno et al 2015; Sukresno et al 2018; Lebrec et al 2019) found that if there is 
a collision between the sea surface currents in a body of water, the chlorophyll-a will 

increase and the SST will decrease. This is common in the coastal areas, due to the 

presence of numerous small islands that are close to each other, thus blocking the 

movement of currents from deep waters to shallow waters. These waters tend to have a 
high level of fertility so that many organisms roam in these waters for shelter, foraging 

and spawning. Conversely, in the West monsoon (November to December), the 

movement pattern of the current is from the northern part of Natuna (the South China 

Sea) to the Natuna coastal waters. The results of the study found that the current 
movement was influenced by the west monsoon, which blew strongly from the Pacific 

Ocean towards the South China Sea, then towards the Natuna Coast, the Sumatra Sea 

and the Java Sea. According to (Hartoko et al 2019; Maro et al 2021; Wirasatriya et al 

2020; Muskananfola et al 2021) the movement of incoming currents from the northern 
part of Indonesia was caused by the west monsoon wind blowing from the Pacific Ocean 

to the Indian Ocean, resulting in a significant increase in the current speed during that 

season.  

During the West monsoon, an upwelling occurred in the Natuna coastal waters, 

resulting in a decrease of the SST and chlorophyll-a. Mixing the seawater masses (by 
upwelling) could decrease the SST and chlorophyll-a at sea level. Waters that have 

upwelling characteristics are fertile, in terms of nutrients and chlorophyll-a, which makes 

them attracting for many marine organisms in their migration for food and spawning 

(García-Reyes et al 2015; Chung & Gong 2019; Putra et al 2016; Wirasatriya et al 2020; 
Sukresno et al 2015; Putra & Mustika 2021).  

The study found 2 types ofendemic fish, during the west and east monsoons, 

namely H. nehereus and D. russelli, which were found in the Natuna coastal waters, with 

a surface current velocity ranging from 0.1 to 0.5 m s-1, a chlorophyll-a sea level ranging 
from 0.2 to 1.0 mm m-3, an average SST ranging from 28 to 30°C, and an average water 

depth ranging from 0 to 150 m. According to Siddique & Aktar (2011), Jin et al (2012), 

Bhattacharya et al (2016), Annisa et al (2016), and Suprapto (2017), at the location of 

the appearance of H. nehereus and D. russelli in coastal waters, the average sea surface 

temperature ranged from 27 to 30°C, the sea surface currents ranged from 0.3 to 0.5 m s-1 
and the average depth ranged from 0 to 20 m. A management of these endemic fish 

species has to be implemented in order to preserve their populations sustainability, 

considering their significant economic value, makink them more susceptible to be 

overexploited. Therefore, it is necessary to manage the species H. nehereus and D. 
russelli in Natuna waters in order to remain sustainable. 

 

Conclusions. The research results of the oceanographic variables analysis, mainly the 

depth, SST, chlorophyll-a content and monsoonal current speed, will support the site 
selection and the attempt of endemic fish conservation,  mainly in the shallow water of 

the coastal areas arround Natuna islands. The research occurred during the east season 

(May to October) and the west season (November to April) 2019. The SST ranged from 

28.0 to 31.0oC, the current speed of west and east season ranged from 0.1 to 0.5 m s-1, 
the chlorophyll-a content ranged from 0.2 to 1.0 mg m-3 and the depth ranged from 0 to 

150 m. The two identified endemic fish are H. nehereus and D. russelli. 
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