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ABSTRACT 

Study on the movements of pelagic fish as a benchmark of pelagic fish stock assessments 
were investigated by using marine acoustics detection and oceanographical characteristics. 
Several surveys during 1992 to1994 using a dual-beam BioSonics 120 kHz echo-sounder 
installed on R/V Bawal Putih (192 GT) were carried out in the middle part of Java Sea.  

The objective was to verify the importance of seasonal shifting on fish abundance under 
strong influence of environmental changes. Data were systematically stored using Ines-
Movies acquisition and processing system along isobaths 50m to100m. A depth layer was 
adjusted under 10m stratifications. Descriptions on environmental frame were done through 
measurements of temperature and salinity by using Seabirds CTD profiler.  

The result shows higher saline water above 34 ppm is stronger influenced on the east and 

central of Java Sea during south-east monsoon (September to October 1992 and 1993). 
This condition is strongly related to the occurrence of higher fish density. The vertical and 
horizontal distribution of fish density shows that several group of fish populations seasonally 
occupied in the area. These observations clarified that coldwater intrusion from the Flores 
Sea and Makassar Strait play an important role in the west-eastward movements of Java 
Sea pelagic fish stocks.  

 

INTRODUCTION  

The use of marine acoustics in fisheries science in Indonesia has been carried out since 
early 1970's. Several sub areas were covered ever since starting with a single beam, single 
beam with echo integrator in the period of 1970-1990. Improvement on acoustics system 
also followed by using the dual beam echo integration system in the year of 1990-1995 and 
split beam acquisition system also being used since 1995 up to now.  

Since fisheries become a major marine living resources to be exploited and plays a 
significant role to the national development program then 9 fisheries management area has 
been declared to be monitored and evaluated regularly, on board fish stock assessment 
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being priority to carried out to support a real time data on estimation and distribution 
mainly to the small pelagic fish resources. Huge areas of marine waters in Indonesia 
become an opportunity to apply the marine acoustics but limited platform available became 
an obstacle to its development. A regular and repeated survey in a certain fishing area is 

not available due to technical and non technical constraints. The information to explain the 
dynamics of small pelagic fish stocks is available for the Java Sea during 1992 to 1994 
under the collaboration of Indonesia-France through ORSTOM/EEC-AARD Java Sea small 
pelagic fisheries assessment project. Result of the cruises is presented in this paper.  

The continental shelf of the Java Sea is estimated at 442 000 Km (Durand and Petit, 1995), 
with an average depth of 40 m. The environmental conditions controlled by a monsoonal 

cycle. Previous studies on the state of exploitation by seiners since 1976 showed that the 
fishing operations take place with aggregation in areas depending of the season (Nurhakim 
et al., 1987; Boely, Potier and Sadhotomo, 1992; Potier and Sadhotomo, 1995; Sadhotomo 
1998 and Nugroho 2004). To supply information on the importance of the stock and its 
availability, the estimation of density by acoustics and its related aspects were applied into 
a frame work as a scientific tool for fish stock assessment for small pelagic fish resources in 
Indonesia.  

The objectives of this research were carrying out descriptive stages of the phenomena 
permitting the answer elementary questions as follows: (1) Where are the more productive 
zones and what are their limits, (2) What is the importance of seasonal shifting under 
environmental influences? And, (3) Which species are these stocks composed of?  

MATERIAL AND METHODS  

Survey were carried out in the Java Sea during a period of 1992 to1994 with emphasize to 
the main fishing ground of purse seine fishery which consisted of 7 different sub areas 
(Figure 1).  

 

   

I. North Tegal; II. Karimun Jawa Island; III Bawean 
Island; IV Masalembo Island; V Matasiri islands; VI 
Lumu-lumu Island; VII P. Kangean  

Figure 1. The fishing grounds of purse seine fishery in 
the Java Sea.  
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Among the whole of 15 cruises that were available, it was decided to select cruises covering 
the most important area of the Java Sea. Data were collected aboard stern trawler R/V 
Bawal Putih 1 with several acoustic surveys carried out within the year of 1992 to1994. The 
echo integration was obtained by means of a dual beam 120 KHz echo sounder connected to 

an interface INES MOVIES, for digitalizing, display and echo integration of the signal.  

As it is difficult to attribute a criterion of "pelagic or demersal" to the shoals close to the 
bottom, only the ones situated at more than 5 m from the bottom were taken into account 
in this study. We selected also the shoals giving a reverberation level more than 50 mV. As 
the monofrequency systems are unable to discriminate the species, these shoals can not be 
related to particular species; nevertheless as Gerlotto (1993) points out, we may consider 

that aggregations are referred to species having momentaneously the same "acoustical 
behaviour". Control systems of the instruments were as follows:  

Frequency  : 120 KHz  
Pulse 
duration  

: 0.4 m sec  

Power  : -3 dB  Ping rate  : 3/sec  

Bandwidth  : 5 KHz  
Depth 
range  

: 125  

TVG  : 20 log  Speed  : 6 knots  

Angle 
trends  

: 7°(narrow beam)        

   018° (wide beam)        

The environmental profiles were obtained by vertical measurements of temperature and 
salinity using Seabird CTD. The acoustics tracks, and its oceanographic stations were shown 
in Figure 2.  

 

   

Figure 2. The acoustics tracks (left) and its oceanographic stations (right)  

RESULTS  

The small pelagic fisheries 

Exploitation to the small pelagic fish resources in the offshore waters of Java Sea has been 
done since the last 3 decades. The fishing gear consisted of many types of gear but catches 
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lately landed mainly by the purse seiners. The highest catch dominated by scads 
(Decapterus spp.), jack mackerel (Rastrelliger spp.) and sardines (Sardinella spp.).  

Effort analysis based on fisheries statistical data of Pekalongan (central Java) within a 
period of 1976 to 2000, as the main fishing base of purse seine fleets, showed that total 
catch of pelagic fishes tends to increase proportionally with number of boats (Figure 3).  

 

   

Figure 3. The annual changes of number of purse seiner 
and total catches during a period of 1976 to 2000.  

The purse seine fishery in the Asian tropical waters characterized by fish aggregating device 
called as "rumpon" to concentrate of small pelagic fish. Since 1971 the fishing ground were 

extended to the eastern part of the Java Sea with improvements of tactics and strategies 
which always shifting according to the environmental changes. Catch analysis of scads 
according to the fishing grounds around Bawean, Masalembo, Matasiri and Kangean islands 
showed that the successful fishing occurred during a period of high salinity (34%) (Potier 
and Sadhotomo, 1995; Sadhotomo, 1998). The highest catch during that period landed 
from Masalembo island fishing ground (Figure 19), this phenomenon correspond to the 
environmental conditions showed in Figure 21 and 22 which clearly explained that the 
shifting of east-west water masses affected the productivity of small pelagic fish in such 
area. The monthly changes of catches by dominant species by fishing grounds were shown 
in Figure 4.  

 

   

Figure 4. Catches of five main small pelagic species 
by fishing grounds during the year of 1992-1995  
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The average catch rates around Masalembo islands clearly shows a seasonal cycles related 
to the monsoonal changes. Catch rates (ton/day of fishing) tend to high on August to 
November, with high salinity and lower temperature then decrease on December to July 
with high temperature and low salinity (Figure 5). Particular condition occurred on January 

to April 1992 with values of catch rates of 1.5 to 2.5 ton/day.  

 

   

Figure 5. Monthly changes of catch rates (ton/day) 
of 5 main species of small pelagic around 
Masalembo fishing ground  

The waters in the eastern part of the java sea are the Tran boundary areas which area 
influenced by the oceanic characteristics of Makassar Strait and Flores Sea waters and the 
condition varied according to the monsoonal changes. Observation during the year of 1992 
to 1994 showed that sea surface temperature reach the maximum at around 30oC during 
the Northwest or wet monsoon on December 1993 at stations close to Matasiri island then 
decrease to 28.5 oC on February 1994. Minimum value of 28oC occurred during the late of 

south east or dry monsoon on September to October 1993 (Figure 6).  

 

   

Figure 6. Monthly changes of sea surface temperature (°C) at the waters 

Karimun Jawa (KJ), Bawean (BW), Masalembo (ML) and Matasiri (MS) 
islands.  

Sea surface salinity followed the opposite pattern with the maximum values of 34.5°/oo 
occurred on September 1992 and October 1993 then decreased to 31-32 °/oo on February 
1994. Highest salinity (34 °/oo) found at the main fishing ground of Bawean, Masalembo 
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and Matasiri islands (Figure 7).  
   

 

   

Figure 7. Monthly changes of sea surface salinity (ppm) at the waters around 
Karimun Jawa (KJ), Bawean (BW), Masalembo (ML) and Matasiri (MS) 

islands.  

Specific measurements at around Masalembo island waters (Figure 8) showed that the sea 
surface temperature tend to high (29° C) during periods of May, November and December 
1992 also on June, November and December 1993 (Figure 8).  

 

   

Figure 8. Monthly changes of sea surface temperature and salinity around 
Masalembo islands, 5°30' S- 115° BT.  

The entrance of high salinity 34 ppm showed that the waters masses moved from the 
eastern part (Makassar Strait and Flores Sea) to the west (middle part of the Java sea). 
These oceanographical changes were strongly influenced by the semi-reverse (more than 
90°) annual wind directions and its current pattern (During, 1970; Fieux, 1987). These 
phenomenon categorized as the mixed area determined by the ocean atmospheric 
interaction parameters (Pedelaborde, 1965 vide Sadhotomo and Durand, 1997).  

The environmental conditions of the Java Sea strongly influenced by the sea surface 
changes and its atmospheric interaction in which the east-west of surface current followed 
the wind direction gradually mixed along the surface then through the deeper water column 
through a vertical mixing. The physical mixing processes continue until all the oceanic 
waters reach homogeny level with high salinity (34 ppm) during south-east monsoon on 
(July to October). The reverse processes occurred from the north-west during north-west 
monsoon on November to February with a lower salinity (<32 ppm) due to fresh water input 
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from several the big rivers during a rainy season. The lowest maximum-minimum surface 
salinity occurred on May 1992 (32-32.5°/oo) and the highest on October 1993 (33.6-
34.5°/oo). Contours from two large coverage areas on October 1993 and February 1994 
showed the shifting of space-temporal surface water masses which in general appropriate 

with previous pattern stated by Wirtky (1961). Figure 9 and 10 shows the representative 
spatial seasonal contour of temperature and salinity in the Java Sea.  

 

   

Figure 9. Contour of surface temperature (°C) on October 1993 (left) and 
February 1994 (right).  

 

   

Figure 10. Contour of surface salinity (ppm) during October 1993 (left) and 
February 1994 (right).  

THE ESTIMATE DENSITY  

The relative stock density showed a fluctuate values during the cruise. Generally speaking 
the highest density occurred during September till December and tends to decrease on 
February then reach the lowest value on February (Figure 11). The estimated density 
indicated a similar pattern with the catch by the commercial fleets operated in the same 
area. Situation was different on December 1993 which catch rate was low with high 
acoustics densities, this clearly explain that according 2 echograms readings shows that the 
fish were concentrating in the deeper layer and it could not detect by the fleet without fish 
finder.  
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Figure 11. The mean monthly density (mV) by fishing grounds.  

The density distribution by fishing ground indicated that the highest density occurred during 
south-east monsoon of September till December then followed by lesser density at the 
beginning of the year on north-west monsoon till first inter monsoon on June (Figure 11). 
Higher density during north west monsoon always found in the eastern part of the area 
which means the small pelagic fish stock exist in the area for the whole year.  

THE FISH SCHOOLS  

Since the acoustics tracks were designed as an exploratory survey, there are weaknesses on 
spatial coverage, therefore only 3 cruises are available to illustrate the presence of fish 
school distributions. Cruises of October 1993, December 1993 and February 1994 were 
analyzed. By using the validated numerical output of MOVIES-B software (Weill, Scalabrin 
and Diner, 1993) there are echo patches represented as fish schools. A number of 149 
schools found on October, 565 on December 1993, and 182 on February 1994. Most 
reverberation level ranged between 100-150 mV. Geographical distribution on October 1993 
relatively spread over the area with more concentrate at around Matasiri and Kangean 

islands (Figure 12). On December 1993 with relatively smaller survey coverage showed the 
highest abundance found at around Matasiri island meanwhile on February 1994, school 
abundance exist formed a curve shaped in the area close to Makassar straits to Matasiri 
Kangean and north of Masalembo.  
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Figure 12. Geographical distributions and its estimate density of fish schools 
(mV2) found during acoustics observations. (A: October 1993; B: December 1993 
and C: February 1994).  

Longitudinal movements of the schools to the east could be as a result of salinity gradually 
decrement due to fresh water discharge with lower salinity (see Figure 9 and 10) which 
generates heterogeneous condition of the water body. These conditions presume a 
significant role to the oceanic species such as scads (Decapterus macrosoma) and jack 
mackerel (Rastrelliger kanagurta) tend to migrate to the east associated with high salinity 
waters. Study on the catch data of purse seine fleets operated in the eastern part of the 
area, Sadhotomo and Potier (1995) and Potier (1998), showed that there are 3 different 

groups of pelagic fishes i.e. : oceanic groups such as scads (D. macrosoma), spotted 
sardines (Ambligaster sirm) and jack mackerel (R. kanagurta), a group of neritic and coastal 
belong to the species of coastal scads (D. russelli), big eye scads (Selar crumenopthalmus) 
and sardines (Sardinella gibbossa).  

Seasonal changes of environmental characteristics in the Java Sea has been clearly explain 
by Wyrtki (1958) and Sadhotomo and Durand (1997) which the seasonal changes were 

illustrated by the temperature and salinity profiles also different wind and current directions 
during two main seasons south east and north west monsoon.  

CONCLUSIONS  

The highest density of around Masalembo and Matasiri island tend to be higher compared 

with Karimun Jawa and Bawean island waters. Maximum value on October ranged at 2500 - 
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3000 mV/nm2 and minimum value of 200-400 mV/nm2 . Seasonal temperature and salinity 
profiles clearly showed as indicators of seasonal changes with different water characteristics 
occurred in the Java Sea. Minimum sea surface temperature 28°C found on late south east 
monsoon 1993 and the maximum of 30° C on northwest monsoon December 1993. Highest 

sea surface salinity of 34.5 °/oo found on September 1992 and October 1993, the minimum 
of 31.5 °/oo found on June 1992 and 31.0 °/oo on February 1994. Combination of marine 
acoustics and fisheries in the tropical waters of the Java Sea played a significant role and 
should be repeated after more than 10 years lack of recent information. The contribution of 
satellite remote sensing to detect a larger area of productivity could play as a gathering 
techniques to support the off shore pelagic fish stock assessment in near further research of 
marine acoustics techniques. These result should be treated as a milestone to the fleet 

management and its planning and controlling of recruitment of fishing fleets under theme of 
optimation of the fishing gear and boat dimension design effective and efficiently.  
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