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Abstract 
 

The traditional fixed stake trap made typically of wooden poles and thinly interwoven bamboos walls have been used 
for generations as fishing gear in coastal regions of South Sulawesi Province, Indonesia. In the 1980s, bamboo slats 
were replaced with nets of various mesh sizes as they became readily available, and currently, in the research area, no 
bamboo is used. Each unit of the wooden structure is made of around 300 poles that must be replaced three to four 
times annually and is becoming difficult due to the scarcity of wood and the high cost. Thus, this research aims to 
provide a feasible solution using PVC pipes and a suitable size mesh net for sustainable fisheries management of 
white-spotted spinefoot, Siganus canaliculatus (Park, 1797). The study was done in Karang-karangan village located on 
the coast of Luwu Regency where white-spotted spinefoot is the main fishing livelihood activity of fishers. The mesh 
size of the net used was 2.60 cm, and the results showed that the newly designed fixed stake trap unit made of PVC 
has been durable for the last 2.2 years and is expected to last at least 5 years. Compared to the traditional wood 
structure, there are no barnacles attached to the PVC pipes. The net size used allows smaller fish below 8.6 cm in 
length to escape, thus making white-spotted spinefoot fisheries sustainable. The estimated cost of using wood for 5 
years is IDR60 million (USD4200), while PVC only requires around IDR15 million (USD1050). 
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Introduction 
 
The fixed stake trap has been used for generations as 
fishing gear in various coastal regions in Indonesia. In 
Bone Regency, the use of fixed stake traps is 
increasing due to their effectiveness. The fixed stake 
trap is also popular in Pitumpanua, Wajo Regency, and 
Bontomanai District, Selayar Islands Regency. In the 
coastal area of Karang-karangan village, the fixed 
stake trap is used mainly for white-spotted spinefoot, 
Siganus canaliculatus (Park, 1797), which is in great 
demand because it has a savoury taste.  
 
The white-spotted spinefoot in Luwu Regency, 
spawns four times in one season, which lasts for 3 to 4 
months, and the fish caught are generally gonadally 
mature. In general, fishing activities in Bone Bay and 
Luwu Regency are currently taking place freely (open 

access) without clear rules and controls. Thus, all 
fishers in the coastal areas of the regency are free to 
access fish resources without any restrictions on 
fishing gear. This situation is similar to other places in 
Indonesia (Halim et al., 2020; Retnoningtyas et al., 
2021). Fishers tend to catch anytime and anywhere, 
including young fish not suitable to be caught. The 
utilisation and management of fishery resources 
should be considered essential for sustainable 
fisheries (Chen et al., 2020; Zacardi et al., 2020; Zeng 
et al., 2021). Thus, proper fisheries resource 
management should be enforced to achieve 
sustainable fisheries goals, namely economic growth, 
equitable welfare distribution and improvement of 
environmental quality.  
 
The use of the fixed stake trap has been modified over 
time. Since the 1930s, at first, fishers used gear made 
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from wood and bamboo. The wood was used for the 
poles, while the thinly woven bamboo slats served as 
the walls. Later, in the 1980s, bamboo was replaced by 
various mesh size nets, which became readily 
available. Siganus canaliculatus was the main target 
species. However, timber is becoming scarce as 
previously bamboo had become harder to obtain, and 
wood must be imported from outside the region, 
which is a relatively complicated and costly process. 
The scarcity of timber could be overcome by modifying 
the gear pole by using PVC pipes. PVC pipes as a 
substitute for wooden poles are an alternative 
proposed in this work and have not been used by 
fishers. In addition, the mesh size of the net was 
changed to allow the small white-spotted spinefoot to 
escape from the trap. Thus, this research expects to 

provide a solution to establish a model applicable for 
the sustainable management of white-spotted 
spinefoot resources. 
 
Materials and Methods 
 
The field research was carried out for 7 months, 
starting May to November 2019 on the coast of 
Karang-karangan Village, Luwu Regency, 3°6'27.19''–
3°8'37.81''S and 120°14'4.35''–120°17'36.17''E. The project 
began with preparing PVC pipes and nets, the primary 
fixed stake trap material. The PVC pipes of various 
sizes were used to construct the different parts of the 
fishing gear, namely crib, body 1, body 2, wing, scoop 
net and the main fence (Fig. 1). The measurements of 
the fixed stake trap unit are shown in Table 1. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Design of the fixed stake trap consisting of the crib (1), body 1 (2), body 2 (3), wing (4), scoop net (5) and main fence (6). The 
poles used are shown in red. 
 
 
Table 1. Specifications of the fixed stake trap constructed for white-spotted spinefoot Siganus canaliculatus. 
 

Component Length Number of poles Height Slope Opening width 

Crib 4.75 m 14 3.15 m - 7 cm 

Body 1 4 m (left/right) 8 (4 left/4 right) 2.50 m 35° 20 cm 

Body 2 10 m (left/right) 20 (10 left/10 right) 2.50 m 35° 40 cm 

Wing 35 m (left/right) 70 (35 left/ 35 right) 2.50 m 45° 75 cm 

Scoop net 35 m 35 2.50 m 65° 80 cm 

Main fence 110 m 110 2.50 m Perpendicular 
to the shoreline 

75 cm 
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The PVC pipes were filled with cement, sand and iron. 
Likewise, the mesh sizes were adjusted for the 
different parts of the trap. The used mesh size for 
crib, body 1 and body 2 was 1.25 cm, 1.5 cm for the 
wing, scoop net and main fence. After the 
preparations of the material, the fixed stake trap unit 
was installed at the fishing ground location, where the 
water depth was 2.75 m and 1.25 m during the highest 
and lowest tide, respectively. The distance from the 
coastline was about 1 nautical mile (1.870 m) and the 
area was sandy coral rubble substrate. 
 
The fixed stake trap unit was monitored for its 
robustness. The catch data from the newly 
constructed fixed stake trap was recorded daily for 5 
months. Although besides white-spotted spinefoot, 
there were other fish species caught in Karang-
karangan, but they were insignificant in numbers. In 
addition, 25 fishers were interviewed for feedback on 
PVC pipes for fixed stake trap construction and 
operation and the mesh size change. 

Results and Discussion 
 
Interviews with fishers revealed that approximately 
300 logs were used to construct a fixed stake trap 
unit in the past. The maximum endurance of the wood 
in marine waters was 4 months. Hence, fishers 
generally replace their fixed stake trap poles annually 
between three to four times. Thus, between 900 to 
1200 logs were used to construct one fixed stake trap 
in a year. The PVC pipes as a substitute for wood in 
the construction of fixed stake trap poles were still 
intact after 2.2 years (Fig. 2), and expected to be 
durably for 5 years. To avoid pollution, PVC pipes that 
are no longer suitable for use will be transported 
ashore for other purposes such as fence posts for 
plants. 
 
Table 2 indicates that the fixed stake trap allows small 
white-spotted spinefoot with the size of less than 8.6 
cm to escape this fishing gear. The length class 
interval and number of fish data are shown in Table 3. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Arial picture of fixed stake trap constructed with the use of PVC pipes and mesh net. 
 
 
Table 2. Range of length and weight of the main catch of white-spotted spinefoot Siganus canaliculatus from the fixed stake 
trap. 
 
Month of 
2019 

Minimum 
length (cm) 

Maximum  
length (cm) 

Mean 
(cm) 

Standard 
error (cm) 

Minimum  
weight (g) 

Maximum 
weight (g) 

Mean 
(g) 

Standard 
error (g) 

Number 
of fish 

July 9.4 19.2 14.30 4.90 11.5 97.0 54.25 42.75 258 

August 11.5 20.0 15.75 4.25 21.0 133.0 77.00 56.00 90 

September 9.8 19.3 14.55 4.75 11.5 106.0 58.75 47.25 226 

October 8.8 16.7 12.75 3.95 8.0 49.0 28.50 20.50 243 

November 8.6 14.6 11.60 3.00 7.5 43.5 25.50 18.00 41 

 
 
Besides the durability of using PVC, there were no 
organisms attached to the PVC poles over 2.5 years. 
The use of wood resulted in biofouling within 1 month 
with barnacles (Balanus sp.) as the dominant species. 
Previous studies have also reported the attachment 
of barnacles to wooden poles (Treu et al., 2019; 
Esfandiar et al., 2020; Rubal et al., 2021). The leading 

cause of biofouling is the attraction to the oil content 
in the wood. The barnacles stick to the wood’s surface 
and the crevices. The speed of the biofouling process 
is associated with the different materials or 
structures submerged in the sea (Shevalkar et al., 
2020; dos Santos et al., 2020; Luoma et al., 2021).  
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Table 3. Length class interval of Siganus canaliculatus caught in the fixed stake trap from  July to November 2019. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compared with the mesh size of fixed stake traps 
operating in other areas (Table 4), this study’s gear 
design can be categorised as environmentally friendly 
fishing based on FAO criteria 1995 (Karim et al., 2020). 
In other places, as indicated in Table 4, the fixed stake 
trap is used to catch different species such as flower 
crab, Portunnus pelagicus (Linnaeus, 1758), banana 
prawn, Peneaus marguiensis de Man, 1888, and sunrise 
goatfish, Upeneaus sulphureus Cuvier, 1829, 
(Tenriware et al., 2018) in Mandar Bay. In South 
Sulawesi, the fish caught were orange-spotted 
grouper, Ephinephelus coioides (Hamilton, 1822), 
malabar grouper, Ephinephelus mallabaricus (Bloch & 
Schneider, 1801), honeycomb grouper, Ephinephelus 
merra (Bloch, 1793), white-spotted grouper, 
Ephinephelus caeruleoppunctatus (Bloch, 1790),     
 

brown-marble grouper, Ephinephelus fuscoguttatus 
(Forsskål, 1775), longfin grouper, Ephinephelus 
quoyanus (Valenciennes, 1830), convict grouper, 
Hyporthodus septemfasciatus (Thunberg, 1793), and 
wavy-lined grouper, Ephinephelus undolosus (Quoy & 
Gaimard, 1824) (Tenriware et al., 2013). In contrast, in 
Southeast Sulawesi the fish caught using the same 
gear was only common silver-biddy, Gerres oyena 
(Forsskål, 1775) (Ermayana et al., 2018).  
 
The proposed mesh size for the fixed stake trap in the 
present study was 2.60 cm. Based on the 5 months data 
of captured fish  (Tables 2, 3), the mesh net size was 
sufficient to allow white-spotted spinefoot of smaller 
than 8.5 cm in length to escape the newly proposed fixed 
stake trap, which supports sustainable fisheries.

  
Table 4. Comparison of fixed stake trap mesh sizes from various locations in South Sulawesi Province, Indonesia. 
 

No. Location Mesh size (cm)   Reference 

1 Pitumpanua Wajo Regency (South Sulawesi) 0.5  (Tenriware, 2013) 

2 Mandar Bay (West Sulawesi) 0.5  (Tenriware et al., 2018) 

3 East Tanete Riattang and Barebbo district Bone 
Regency (South Sulawesi) 

0.3  (Surachmat, 2018) 

4 Poso Estuary (Central Sulawesi) 0.025  (Ermayana et al., 2018) 

5 Tondonggeu waters Abeli District Kendari City 
(Southeast Sulawesi) 

11.2–12.7 (Ermayana et al., 2018) 

6 Karang-karangan Luwu Regency  2.60  Present study 

Length class interval (cm) Number of fish Length class interval (cm) Number of fish 

8.6–8.9 62 14.3-14.6 104 

8.9-9.2 110 14.6-14.9 86 

9.2-9.5 154 14.9-15.2 88 

9.5-9.8 147 15.2-15.5 91 

9.8-10.1 186 15.5-15.8 111 

10.1-10.4 203 15.8-16.1 89 

10.4-10.7 253 16.1-16.4 59 

10.7-11.0 295 16.4-16.7 72 

11.0-11.3 428 16.7-17.0 41 

11.3-11.6 324 17.0-17.3 64 

11.6-11.9 322 17.3-17.6 46 

11.9-12.2 285 17.6-17.9 35 

12.2-12.5 259 17.9-18.2 34 

12.5-12.8 249 18.2-18.5 23 

12.8-13.1 168 18.5-18.8 20 

13.1-13.4 167 18.8-19.1 16 

13.4-13.7 130 19.1-19.4 15 

13.7-14.0 117 19.4-19.7 10 

14.0-14.3 105 19.7-20.0 8 
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The mesh size of 2.60 cm used in the fixed stake trap 
is larger than those used in other areas. The larger 
size mesh net supports sustainable white-spotted 
spinefoot resources since it allows the small white-
spotted spinefoot to escape. However, it will be 
necessary to collaborate with the PVC manufacturers 
to produce pipes designed explicitly for fixed stake 
traps. This will enable wider usage of PVC in the 
commercial fishing sector. From the feedback of the 
interviews with the fishers, they were happy to accept 
this technology transfer by considering the efficiency 
of the fixed stake trap constructed using PVC. The 
fishers were also aware that white-spotted spinefoot 
fishery resources are a characteristic of Luwu's 
fisheries that must be conserved. 
 
Conclusion 
 
This study showed that PVC pipes could be the 
alternate option to the traditional use of wood to 
construct the fixed stake trap, which had to be 
replaced three to four times a year. The PVC poles 
strengthened with concrete that has lasted for 2.5 
years are expected to last at least 5 years. Thus, due 
to prolonged durability, there will be a saving of 
around 75 % (USD3150) with the use of PVC over 5 
years. In addition, there was no fouling by barnacles 
on the PVC poles compared to wood. The mesh size 
used was 2.60 cm, is still within the normal range and 
can be categorised as environmentally friendly fishing 
gear that allows small size white-spotted spinefoot 
Siganus canaliculatus to escape from the fixed stake 
trap. Working closely with the manufacturers of PVC 
pipes for industrial-scale production of the right 
dimensions that are specifically designed for fixed 
stake traps will further enhance sustainable fisheries 
of white-spotted spinefoot. 
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