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Abstract
We analyzed the small-scale purse-seine gear that is used along the North Coast of Java, Indonesia, using computer-aided tools 
to modify the gear. Data from the middle position of the leadline showed that the maximum depth reached by the net was 30 m. 
A similar result was also calculated. According to the calculated result, the mean sinking speed of the current gear at the middle 
position of the leadline was 0.13 m/s, and the maximum tension during pursing was 1,794 kgf. The best sinking performance was 
found in modified gear that used a 30.3 mm mesh knotless polyester net. The maximum depth reached by the net was 38 m, and 
mean sinking speed was 0.16 m/s at the middle position of the leadline. The maximum tension during pursing was 1,044 kgf. In-
dependent sample t-test results show that the mean sinking depth and sinking speed in the simulated and measured results did not 
differ (P > 0.05). These results are expected to improve the efficiency and selectivity of small-scale purse seine gear.
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Introduction

Small pelagic fisheries play an important role in Indonesian 
fisheries and are an alternative to meet the protein needs of 
the dense Indonesian population. They are also promising em-
ployment and a source of income for people living along the 
Indonesian coast (Dahuri, 2001). Fish caught by purse seine 
nets in Indonesian waters include scad (Decapterus Sp), black 
pomfred (Formio niger), Bali sardinella (Sardinella lemuru), 
trevallies (Selaroides Spp), common squid (Loligo spp.) nar-
row-barred Spanish mackerel (Scomberomorus commerson), 
frigate tuna (Auxis thazard), eastern little tuna (Euthinnus affi-
nis), and skipjack tuna (Katsuwonus pelamis) (MMAF, 2010).

The sinking performance of small-scale purse seine gear is 
typically low in Indonesia, as its development has occurred 

traditionally. Gear optimization involves increasing the length 
and depth of purse seine nets (Wijopriono and Mahiswara, 
1995). The results of previous studies in Indonesia show 
that the mean sinking speed of all purse seine nets is very 
low (Kumajas et al., 1992) and must be improved to prevent 
schools of fish from escaping the net during shooting (Frid-
man, 1973). Nets are typically made of nylon braided knotted 
210d/12 and 210d/15 for the bunt, and nylon braided knotted 
210d/9 and 210d/6 for the net body (Mulyana, 1981). Mesh 
size is usually small, particularly on the island of Java, where 
the mean mesh size is 25.4 mm and the fishermen use knotted 
nets. Low density nylon, small mesh size netting, and knotted 
nets may decrease sinking speeds.
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rections were 117, 140, and 131°. The Javan small-scale purse 
seine gear had a stretched mesh length of 422.4 m, a float line 
of 295.4 m, a breast line of 30 m, total buoyancy of 793 kg, 
and a total sinking force of 479 kg/w (Fig. 1). The gear speci-
fications are shown in Table 1.

Net sinking observations

We observed net sinking using four nylon nets with the 
same twine thickness of 0.47 mm, the same length and depth 
(1 × 1.5 m), and the same hanging ratio (75%). These nets had 
mesh sizes of 25.4, 30.8, 50.8, and 75 mm, and different total 
sinking forces of 18.24, 27.36, and 45.6 g/w. An underwater 
camera (Nikon D90, housing/strobe/light dr Sealux; Tokyo, 
Japan) and a vertical ruler (wooden ruler, 100 cm) were used 
during the experiment. 

We observed net sinking depths using different mesh sizes 
and different total sinking forces in a swimming pool (25 × 
15 × 1 m). The nets were deployed on the water surface of the 
swimming pool and left free to reach the bottom. Each net was 
released in the water in front of the vertical ruler. 

Modified gear design

Factors that must be considered to improve purse seine 

Headlines, leadlines and purselines are made of polyeth-
ylene, which floats in seawater, so it does not contribute to 
net sinking speed. Accordingly, we noticed that the sinking 
performance of gear is not optimum. The purpose of this study 
was to analyze the current gear by using computer-aided tools, 
and to modify the gear. 

Materials and Methods

Field experiment

Field trials were conducted to measure the sinking depth of 
a sinker line during shooting and pursing. Fishing gear sinking 
depth was measured during one cruise (September 17–Sep-
tember 23, 2013) in a government-owned purse seiner near 
Karimunjawa Island, Java Sea. We took two measurements at 
a depth of 35 m. The shooting speed of the vessel was about 
6 knots, and shooting time was about 2.40 min. Pursing time 
was 2.82 min. Measurements were carried out at the middle 
position of the leadline using a Simrad PI32 depth recorder 
(Lynnwood, WA, USA). We assessed sea conditions with a 
current meter (Recording Current Meter CRM 7).Current 
speeds at the time of measurement were 0.21, 0.18, and 0.21 
m/s for the three layers (5, 15, and 25 m), and the current di-

Table 1. Specification of Java’s small scale purse seine gear

No Mesh size (mm) Hanging ratio Length (m) V.M.N* Material D** (mm) Type

1 25.4 70 5.6 30 Polyethylene 1.9 Knotless
2 25.4 68.75 5.6 1181 Nylon 0.47 Knot
3 25.4 70 5.6 30 Polyethylene 1.9 Knotless
4 25.4 70 5.6 30 Polyethylene 1.9 Knotless
5 25.4 68.75 5.6 1968 Nylon 0.47 Knot
6 25.4 70 5.6 30 Polyethylene 1.9 Knotless
7 25.4 70 100 30 Polyethylene 1.9 Knotless
8 25.4 70 100 2400 Nylon 0.47 Knot
9 25.4 70 100 30 Polyethylene 1.9 Knotless

10 25.4 70 100 30 Polyethylene 1.9 Knotless
11 25.4 70 100 2800 Nylon 0.47 Knot
12 25.4 70 100 30 Polyethylene 1.9 Knotless
13 25.4 70 100 30 Polyethylene 1.9 Knotless
14 25.4 70 100 2800 Nylon 0.47 Knot
15 25.4 70 100 30 Polyethylene 1.9 Knotless
16 25.4 70 100 30 Polyethylene 1.9 Knotless
17 25.4 70 100 2400 Nylon 0.47 Knot
18 25.4 70 100 30 Polyethylene 1.9 Knotless
19 25.4 70 5.6 30 Polyethylene 1.9 Knotless
20 25.4 68.75 5.6 1968 Nylon 0.47 Knot
21 25.4 70 5.6 30 Polyethylene 1.9 Knotless
22 25.4 70 5.6 30 Polyethylene 1.9 Knotless
23 25.4 68.75 5.6 1181 Nylon 0.47 Knot
24 25.4 70 5.6 30 Polyethylene 1.9 Knotless

*V.M.N: Vertical Mesh Number, **D: Diameter of netting twine



Widagdo et al. (2015)    Calculating and Measuring the Sinking Performance of Small-scale Purse Seine Gear in Java, Indonesia

223 http://e-fas.org

thousands of mass points in purse seine gear. Loads must be 
reduced by using an approximation method, in which several 
actual mesh sizes are bundled together into a virtual math-
ematical mesh with the same physical properties.

The equation of motion for each mass point can be de-
scribed as mentioned in a previous study (Lee et al., 2005):

(m + ∆m) q̈ = Fint + Fext                            (1) 

where m is the mass of the mass points, dm is the added mass, 
q̈ is the acceleration vector, Fint is the internal force applied 
between the mass points, and Fext is the external force applied 
to the mass points. The added mass of the mass points is:

∆m = ρwVnCm                                  (2)

sinking speed in water are the weight of the net in water, knot 
type, mesh size, twine thickness, hanging ratio, mesh geom-
etry, and floatline length. The gear must have low water re-
sistance.

The analysis showed that the polyester purse seine net had 
the fastest sinking speed, followed by polyamide, and poly-
propylene. A purse seine net with more sinker weights also 
sinks faster (Kim, 2004). According to Misund (1992), using 
a larger mesh in the part of the net near the leadline increases 
sinking speed. A dynamic simulation verified by a field ex-
periment indicated that larger-mesh polyester tuna purse seine 
gear without knots had better sinking performance than other 
gear (Hosseini et al., 2011). In this study, we present gear that 
was modified by changing the mesh size, net material, and 
knot type in the net body (Fig. 2).

Mathematical model 

Equation of motion
We modeled a purse seine gear system based on the mass-

spring model (Lee et al., 2005). This model can be used to 
design and simulate the dynamic movement of fishing gear 
systems, such as a purse seine (Kim et al., 2004; Kim et al., 
2007), trawl (Lee and Cha, 2002), long-line (Lee , 2005), or 
fish cage (Lee et al., 2008). This model was improved by de-
termining the drag coefficient as a function of the attack angle 
and the Reynold’s number, as mentioned in a previous study 
(Hosseini et al., 2011). The mesh knots in purse seine netting 
applied to this model are the mass points and the mesh bars 
are the springs connecting the mass points (Fig. 3). There are 

Fig. 1. Java’s small scale purse seine gear.

Fig. 2. Modified gear.

Fig. 3. Determining as a mass point and as a spring in mass-spring 
model.
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nL = 
(V × r) × V

| (V × r) × V |
                              (9) 

where V is the resulting velocity vector. V is the motion veloc-
ity vector of the mass point Vm and the current velocity vector 
Vc. 

V = Vm + Vc                                                         (10)

This equation does not determine the influence of the mu-
tual interference of the velocity field.

Buoyancy and sinking force, FB, are calculated as follows:

FB = (ρv – ρw)Vn g                             (11)

where ρ1  is the density of the structure, and g is the gravity of 
acceleration.

Computational method
The internal and external forces must be substituted in Eq. 

(1), and the equation of motion governing the motion of the 
purse seine system becomes the following non-linear second-
order derived differential equation in the time domain:

Mq̈(t) = Fint (t) + FD (t) + FL (t) + FB (t)              (12) 

where M is total mass, and is q̈(t) acceleration. This equation 
can be made into two first-order differential equations:

q̇(t) =  Vm (t)                                   (13)

V
.
(t) =  M–1[Fint (t) + FD (t) + FL (t) + FB (t)]        (14)

We integrated the equation using the fourth-order Runge-
Kutta method to solve the behavior of the structure.

Fishing gear simulation software that adopts the mass-
spring model was used in this study. The field data for the 
small-scale purse seine gear was used to draw the design of 
Javan small-scale purse seine gear before the simulation. 
Once the design was made, preparations for the simulation 
were completed by selecting the approximation ratio to make 
virtual mathematical mesh automatically as a mesh grouping 
process. Then, the real data from the field experiment at sea, 
such as shooting speed (6 knots), pursing speed (1.4 m/s), sea 
depth (35 m), ship property, current speed for the three layers 
(0.21, 0.18, and 0.21 m/s), and current direction for the three 
layers (117, 140, and 131°) were inputted before running the 
simulation.

We calculated the following in this simulation:
• Sinking performance of Javan small-scale purse seine 

gear.
• Sinking performance of the improved gear.

where  ρw  is the density of seawater, Vn is the volume of the 
mass points, and  Cm is the added mass coefficient, which is set 
to 1.5 because the structure is assumed to be a sphere. 

Cm is calculated as:

Cm = 1 + sin α                                 (3)

Where α is the angle of attack.

Internal force
The internal force is the force in the springs. The force is 

assumed to be in the direction of tension when applied to the 
netting and rope, or in the direction of tension and compres-
sion when applied to the floating collar. The internal force can 
be calculated as follows:

Fint = −∑n
i=1 ki ni (|ri| − li

0 )                          (4)

where ki is the spring stiffness, ni is the unit vector along the 
line of the spring, |ri| is the magnitude of the position vector 
between the neighboring mass points, li

0 is the initial length of 
the spring, and n is the number of adjacent mass points i.

The stiffness of each material is calculated using the fol-
lowing formula

K= 
EA
l 0                                       (5)

where E is Young’s modulus and A is the effective area of 
the material. The effective area of the rope, mesh bar, or wire 
is 60% of the apparent cross-sectional area, and the effective 
modulus of the mesh bar or rope is assumed to be 60% of the 
modulus of the materials (Lee et al., 2008).

External force
The external force is the outside force acting on each mass 

point in seawater. These forces cover the drag force (FD), lift 
force (FL) and buoyancy, and sinking force (FB). The equation 
is as follows: 

Fext = FD + FL +FB                                 (6)     

Current is steady and uniform in the external force equa-
tion. The drag and lift forces are calculated as follows:

FD = − 1
2 CDρw SV2nv                          (7)

       
FL= 1

2
CLρw SV 2nL                              (8)      

where CD is the drag force coefficient, S is the projected area 
of the mass point, V is the magnitude of the resulting velocity 
vector, nv is the unit vector of the velocity vector, CL is the lift 
force coefficient, and nL is the direction of the lift force.

nL is calculated as follows:
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creased sinking speed is important to reduce the number of 
fish that pass under the leadline. It is recommended that the net 
confine fish as soon as possible by shaping the bag to close the 
gap immediately, so that fish cannot escape.

Simulation results

Comparison of the simulated sinking performance of 
current and modified gear

Fig. 6 illustrates the shape of the simulated gear during 
shooting and pursing. According to Figs. 7 and 8, the sink-
ing performance of the modified gear was better than that of 

Results and Discussion

Field experiment  
 

 Field experiment results
The field experiment measured the sinking depth of the 

sinker line during shooting and pursing (Fig. 4a). Measure-
ments were taken in the middle position of the leadline be-
cause this area sinks freely without being affected by factors 
that affect measurement accuracy. For example, when the 
sinking speed is measured at the first leadline position, the net 
can be affected by the skiff maintaining its position (Hosseini 
et al., 2011).

In this study, the depth reached by the middle position of 
the leadline (30 m) was similar to that of the calculated result 
(Fig 4b). The results of an independent sample t-test showed 
that the mean sinking depths in the simulation and measure-
ment results were not significantly different (two-tailed P = 
0.575. Mean sinking speeds also did not significantly differ 
between the simulation and measurement results (two-tailed 
P = 0.197. The mean speed values from the simulation and 
measurement results did not significantly differ (P > 0.05).

In a previous study using tuna purse-seine gear, the sink-
ing speed of a purse seine net during operation was slightly 
different from the calculation (Hosseini et al., 2011), which 
may have been caused by ship maneuvers, the effect of the net 
being pulled by the winch, or pursing speed. Also, nets often 
tangle with the floatline, sinker line, or purse ring when shot. 
The simulated shooting did not result in tangling.

The improved numerical model used in this study can rep-
resent the effect of drag force on the net wall. Of course, the 
results of this numerical method will not be as accurate as a 
field measurement, as it is so difficult to enter data about the 
actual conditions of the operation for a simulation. However, 
the difference becomes smaller after calculating the drag coef-
ficient on the net wall, considering the Reynold’s number and 
an accurate attack angle value. 

Net sinking results
Net with large mesh size sank faster than net with small 

mesh Fig 5. Adding sinking force with a leadline increased net 
sinking speed. The sinking speed of various model nets with 
different mesh sizes showed that the time required to reach 1 
m depth for a model net with a mesh size of 25.4 mm and with 
a total sinking force of 18.24 g/w was 6.92 s, whereas 5.52 s 
was required for a net with a mesh size of 75 mm. Similarly, 
6.06 s was required to reach a 1 m depth by a net with a total 
sinking force of 27.36 g/w and a mesh size of 25.4 mm. A total 
of 4.56 s was required for a net with a mesh size of 75 mm. 
Finally, 4.38 sec was required for a model net with a total sink-
ing force of 45.6 g/w and a mesh size of 25.4 mm to reach 1 
m depth, whereas a net with a mesh size of 75 mm took 3.25 
s. Some studies have shown that larger mesh increase nets’ 
sinking speed (Misund et al., 1992; Hosseini et al., 2011).  In-

Fig. 4. Measured and average depth according to time for sinking (A) 
and average and simulated depth according to time for sinking (B).
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mum tension reached was 1,794 kgf. Lower tension was ex-
erted by the new gear with a mesh size of 30.3 mm. Tensile 
forces were lowest using a knotless polyester net with a mesh 
size of 30.3 mm, for which the maximum tension was 1,044 
kgf. These results indicate that current vessel facilities could 
be used, even if the fishing gear is improved as proposed in 
this study. 

The change to a larger mesh size and the change in material 
from nylon to polyester increases net sinking speed and re-
duces tension at both ends of the purse line. Net sinking speed 
can be increased and the net can be made more friendly to the 
environment. 

Our investigation of the sinking performance of purse seine 

the current gear. The best sinking performance found was for 
modified gear that used knotless polyester net with a mesh 
size of 30.3 mm in the body of the net. Comparing the modi-
fied gear (PES knotless, 30.3 mm) to the current gear, at the 
first leadline position the maximum depth reached by the net 
increased from 26.7 to 29.8 m and the mean sinking speed 
increased from 0.18 to 0.2 m/s; in the middle position, the 
maximum depth reached increased from 29 to 38 m and the 
mean sinking speed increased from 0.13 to 0.16 m/s; and in 
the end position, the maximum depth increased from 4.2 to 5 
m and the mean sinking speed increased from 0.1 to 0.12 m/s. 
This is consistent with the results of Hosseini’s research, in 
which the sinking rate increased with increasing mesh size and 
the specific gravity of the material.

Tension at both ends of the purse line during pursing
The purse line tension calculation is important because it 

determines the machinery and hydraulic power necessary for 
pursing and net hauling. Based on the simulation results, in-
creasing the net mesh size would decrease pursing tension. 
Using the current gear with a mesh size of 25.4 mm, the maxi-

A

C

D

B

Fig. 6. The shape of the simulated purse seine gear.

Fig. 7. The sinking depth performance at three positions of the lead line 
under current velocities of 0.21 m/s, 0.18 m/s, and 0.21 m/s for the three 
layers (5 m - 15 m - 25 m), and current direction of 1170, 1400, and 1310 
m/s, (A) First position, (B) Middle position, (C) End position.

0

4

8

12

16

20

24

28

32

0 20 40 60 80 100 120 140 160

D
ep

th
 (m

)

Time after sinking (s)

Present gear
PA knot 30.3mm
PA knotless 30.3mm
PES knot 30.3mm
PES knotless

0

4

8

12

16

20

24

28

32

36

40

0 20 40 60 80 100 120 140 160 180 200 220 240 260

D
ep

th
 (m

)

Time after sinking (s)

Present gear
PA knot 30.3mm
PA knotless 30.3mm
PES knot 30.3mm
PES knotless

0

2

4

6

0 20 40 60

D
ep

th
 (m

)

Time after sinking (s)

Present gear
PA knot 30.3mm
PA knotless 30.3mm
PES knot 30.3mm
PES knotless

A

C

B



Widagdo et al. (2015)    Calculating and Measuring the Sinking Performance of Small-scale Purse Seine Gear in Java, Indonesia

227 http://e-fas.org

Acknowledgments

This work was supported by a Research Grant of Pukyong 
National University(2014 year).

References

Dahuri R. 2001. Economic recovery effort by developing Indonesian 
sustainable fisheries. Catur Wulan Magazine, Jakarta, Indonesia.

Fridman AL. 1973. Theory and design of commercial fishing gear. Israel 
Program for Scientific Translation, Jerusalem, Israel.

Hosseini SA, Lee CW, Kim HY, Lee J and Lee GH. 2011. The sinking 
performance of the tuna purse seine gear with large-meshed panels 
using numerical method. Fish Sci 77, 503-520.

Kim HY, Lee CW, Shin JK, Kim HS, Cha BJ and Lee GH. 2007. Dy-
namics simulation of the behavior of purse seine gear and sea-trial 
verification. Fish Res 88, 109–119.

Kim SJ.  2004.  An  analysis  of  the  sinking  resistance  of  a  purse  
seine, in  the  case  of  a model purse seine with different netting 
material and sinker. Bull Korean Soc Fish Tech 40,  29-36.

Kumajas, Henry J, Emilie and Turangan A. 1992. Study of sinking speed 
and   depth of sinker line in purse seine in North Sulawesi Province. 
Sam Ratulangi University  Press, Manado, Indonesia, 1-52. 

Lee CW and Cha BJ. 2002. Dynamic simulation of a midwater trawl 
system’s behavior. Fish Sci 68, 1865-1868.

Lee CW, Kim YB, Lee GH, Choe MY, Lee MK and Koo KY.  2008. 
Dynamic simulation of a fish cage system subjected to currents and 
waves.  Ocean  Eng  35,  1521-1532.

Lee CW, Lee JH, Cha BJ and Kim HY. 2005. Physical modeling for 
underwater flexible systems dynamic simulation. Ocean Eng 32, 
331-347.

Lee JH, Lee CW and Cha BJ. 2005. Dynamic simulation of tuna long 
line gear using numerical methods. Fish Sci 71, 1287-1294.

Misund OA, Dickson W and Beltestad AK. 1992.  Optimization  of  
purse  seines  by  large-meshed  sections  and  low  lead  weight. 
Theoretical considerations, sinking speed measurements and fish-
ing trials. Fish Res 14, 305-317.

Ministry of Marine Affairs and Fisheries. 2010. Capture Fisheries Statis-
tics of Indonesia. 11th vol. Directorate General of Capture Fisher-
ies: Ministry of Marine Affairs and Fisheries, Jakarta, Indonesia, 
pp. 1-134.

Ministry of Marine Affairs and Fisheries. 2011. Capture Fisheries Statis-
tics of Indonesia. 12th vol. Directorate General of Capture Fisher-
ies: Ministry of Marine Affairs and Fisheries, Jakarta, Indonesia, 
pp. 1-134.

Mulyana R. 1981. Design and fishing operation of small purse seine gear 
in Pekalongan, Central Java. Master thesis, The faculty of Agricul-
ture of Bogor Institute, Bogor, Indonesia.

Wijopriono and Mahiswara. 1995. Net design and characteristics of the 
medium size purse seine in Northen Coast of Java. Indonesian J 
Fish  Res 2, 95-108

nets composed of different materials and knot types indicated 
that knotless polyester net has the best sinking performance. 
We compared the simulated sinking performance of current 
and modified gear (PES knotless, 30.3 mm) in the first leadline 
position. As a result, the maximum depth reached by the net 
increased from 26.7 to 29.3 m and the mean sinking speed 
increased from 0.18 to 0.2 m/s. In the middle position, the 
maximum depth increased from 29 to 38 m and the mean sink-
ing speed increased from 0.13 to 0.16 m/s. In the end position, 
the maximum depth increased from 4.2 to 5 m and the mean 
sinking speed increased from 0.1 to 0.12 m/s. We used various 
design options to improve the sinking performance of the tra-
ditional Indonesian gear. Therefore, these results will be help-
ful in choosing design parameters to improve purse seine gear. 

Fig. 8. The sinking speed performance at three positions of the lead 
line under current velocities of 0.21 m/s, 0.18 m/s, and 0.21 m/s for the 
three layers (5 m - 15 m - 25 m), and current direction of 1170, 1400, and 
1310 m/s, (A) First position, (B) Middle position, (C) End position.
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