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Abstract⎯ Abandoned, Lost, or Otherwise Discarded Fishing Gear (ALDFG), or ghost gear, poses a major threat to marine 

ecosystems and the sustainability of fisheries. This study in Pangandaran, Indonesia, estimated gillnet losses, identified key causal 

factors, and developed management recommendations. Data were collected through field observations and structured interviews 

with 90 gillnet fishers at Cikidang Fishing Port (PP) and analyzed using Confidence Intervals (CI) to estimate annual losses. All 

respondents reported ALDFG incidents, with losses ranging from 16,473–19,648 pieces (752,528–897,605 meters) per year, 

equivalent to IDR 8.66–10.33 billion. The main causes included strong currents, coral reef snags, and adverse weather. ALDFG not 

only drives ghost fishing but also degrades marine habitats and imposes economic burdens on fishers. Recommended mitigation 

measures include awareness programs, adoption of modern technologies (GPS, RFID, AIS), gear marking, planning of fishing 

grounds, skill enhancement, use of durable materials, avoiding gillnet deployment in high-risk areas, lost gear reporting systems, 

onshore facilities for storing end-of-life fishing gear (EOLFG) and ALDFG, providing incentives to support these interventions, and 

circular economy practices. This study provides critical local quantitative data and causal analysis to inform management strategies 

and policy interventions to reduce ALDFG at the local level. 
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I. INTRODUCTION1 

Abandoned, Lost, or Otherwise Discarded Fishing 

Gear (ALDFG) or ghost gear, refers to fishing gear that 

is intentionally or unintentionally lost, discarded, or 

abandoned in marine waters [1][2]. Ghost gear is a major 

contributor to marine debris, with studies estimating that 

more than 50% of global marine litter consists of ghost 

gear [3]. A meta-analysis further suggests that 5.7% of 

all gillnets, 8.6% of all traps, and 29% of all longlines 

are lost worldwide each year [4]. ALDFG is closely 

associated with ghost fishing, in which uncontrolled gear 

continues to capture both target and non-target species 

even when no longer operated by fishers [5][6]. In 

addition, ALDFG damages coral reefs and seagrass beds 

[7], increases maritime safety risks, including navigation 

hazards and vessel damage [8], and imposes economic 

burdens on fishers [9][10]. These facts highlight ALDFG 

as a critical issue at both global and local scales. 

Gillnets are considered the most prone fishing gear to 

becoming ALDFG and to have the greatest potential 

impact [11]. In Indonesia, particularly at Cikidang 
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Fishing Port (PP) in Pangandaran, small-scale fleets (<5 

GT) are dominated by gillnets, which increases the risk 

of ALDFG due to passive fishing gear, overlapping 

fishing grounds, and frequent gear component 

replacement [12][13][14]. International studies have 

identified multiple causes of gillnet loss, both intentional 

and unintentional, including strong currents and adverse 

weather [15][16], vandalism [17], snagging on seabed 

obstacles or coral reefs [18][19], net damage caused by 

entanglement with megafauna [20], gear conflicts, and 

operator error [21]. 

Regional studies in Indonesia have also begun to 

highlight the scale of ALDFG. For example, Riyanto et 

al. [14] estimated annual gillnet losses in Pangandaran at 

4,612 pieces or 224,584 meters. However, this study was 

limited to general estimates and did not provide an in-

depth analysis of causal factors. Despite global and 

regional insights into gear loss and ALDFG impacts, 

significant gaps remain at the local level. The lack of 

systematic quantitative data makes it difficult to assess 

the scale of ALDFG, while causal factors related to 

fisher practices, port infrastructure, and reporting 

mechanisms have not been thoroughly investigated. 

This study addresses these gaps by providing 

quantitative estimates of ALDFG and analyzing its 

primary causes in gillnet fisheries at Cikidang Fishing 

Port. The objective is to estimate the number of gillnets 

lost annually and identify the main causal factors of 

ALDFG in Pangandaran. The findings are expected to 

provide essential quantitative data and causal analysis to 

support management strategies and policy 

recommendations aimed at reducing ALDFG and its 

impacts at the local level. 
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II. METHOD 

A. Studi Site 

 This study was conducted in January 2026 at Cikidang 

Fishing Port (PP), located in Pangandaran Regency, 

West Java Province. The site was selected because it is 

the central hub of gillnet fisheries, with gillnets 

accounting for 87.5% of fishing gear units [22], or more 

than 80% of all fishing gear in the Pangandaran region 

[13][14]. The fisheries at PP Cikidang are dominated by 

vessels <5 GT operating under a one day fishing system, 

resulting in high gillnet usage intensity and a significant 

potential for ALDFG generation. 

 

B. Data Collection 

Data were obtained through field observations and 

direct interviews with gillnet fishers at PP Cikidang. 

Respondents were selected using purposive sampling 

based on the following criteria: (1) active fishers with 

prior experience of ALDFG, (2) use of gillnets as the 

primary fishing gear, and (3) landing catches at PP 

Cikidang. Direct interviews were chosen to gain deeper 

insights into the extent and causes of gillnet losses. A 

structured questionnaire, adapted from the World Bank 

and FAO’s Gillnets Global Fishing Gear Loss 

Assessment [23][24], was used as the interview 

instrument. The questionnaire covered information on 

gillnet quantity and specifications, frequency of use, 

technical lifespan of components, experiences of gear 

loss, causal factors, and reporting mechanisms. 

The study population comprised 475 gillnet vessels at 

PP Cikidang, with one fisher assigned to each vessel 

[22]. The minimum sample size was calculated 

according to [25], using a 10% margin of error and a 

90% confidence level. This calculation indicated a 

minimum of 83 respondents, representing 18% of the 

total population. To improve representativeness and data 

quality, 90 gillnet fishers were ultimately surveyed. 

 

C. Data Analysis 

 Data were analyzed using descriptive quantitative 

methods to estimate annual gillnet losses as ALDFG. 

Estimations were conducted using Confidence Intervals 

(CI), which provide a range within which the population 

means are expected to lie based on sample data [26]. CI 

allows the estimation of lost gillnets to be expressed as a 

range of values, making it more representative of the 

gillnet fisher population at PP Cikidang. The lower and 

upper bounds of the 95% confidence interval were 

multiplied by the total gillnet vessel population to obtain 

the estimated range of gillnet losses in Pangandaran 

waters.  
Causal factors of gear loss were analyzed descriptively 

to illustrate each factor (e.g., adverse weather, gear 

conflicts, operator error, and others). The results were 

then used to identify the dominant causes of ALDFG. 

III. RESULTS AND DISCUSSION 

A. Estimations of Gear Losses 

1) Fisher’s experiences with gear losses 

Most gillnet fishers in Pangandaran reported more than 

five years of fishing experience (Figure 1). Based on this 

background, all respondents reported experiencing 

gillnet losses. Of these, 92% reported being unable to 

recover lost gillnets even when they knew the location of 

the loss, 2% managed to retrieve lost gear, and the 

remaining 6% neither knew the location nor were able to 

recover it (Figure 2). 

Gillnet fishers typically marked gear-setting locations 

using marker buoys and natural landmarks (when fishing 

grounds were nearshore). In addition, some fishers used 

the “Fishing Point” application as an alternative to GPS, 

which only records the user’s last location history rather 

than tracking gear directly. Consequently, if marker 

buoys were lost, recovering gear became difficult. 

According to Kanhai et al [27], modern tracking 

technologies can help prevent or reduce gear losses. 

Not all gillnet fishers experiencing ALDFG reported 

their losses. Approximately 20% did not report, 49% 

consistently reported, and 31% reported occasionally. 

More than half of the fishers had reported gear losses, 

underscoring the importance of reporting mechanisms 

[28]. Internationally, gear loss reporting is regulated 

under MARPOL Annex V [29], and nationally by the 

Ministry of Marine Affairs and Fisheries through 

Circular Letter No. B.1694/DJPT/HK.410/XII/2024 [30].  

 
Figure. 1. Fishing experience of gillnet fishers. 
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Figure. 2. Fishers’ awareness of lost fishing gear locations. 

 

 
 

Figure. 3. Organizations that receive reports of gear loss from fishers in Pangandaran. 

 

In Pangandaran, lost gear was typically reported to 

several parties. Most respondents reported losses to 

fisher associations (37%) and vessel owners (31%), 

followed by nearby vessels (18%), coast guards (12%), 

and local government (2%) (Figure 3). Fisher 

associations and vessel owners were the most common 

recipients of reports, largely due to financial 

considerations. Gear loss not only reduced fishing 

capacity but also decreased catch volume, thereby 

lowering income. Consequently, fishers often relied on 

associations or vessel owners for financial support to 

replace lost gear.  
2) Estimated annual gear losses 

Gillnet fishers reported several types of gear losses, 

including entire sets, single units or pieces, marker 

buoys, small floats, and net fragments. Net fragments 

were the most frequently lost component (92%), 

followed by single units or pieces (64%) (Figure 4). 

Gillnets are particularly prone to partial or complete loss 

because they are not actively monitored; their passive 

operation increases vulnerability [31]. 

The number of ALDFG incidents in Pangandaran has 

increased fourfold compared to 2020, as reported by 

Riyanto et al. [14]. In this study, total gillnet losses were 

estimated at 16,473–19,648 pieces per year (Table 1), 

equivalent to 752,528–897,605 meters annually, 

resulting in financial losses of IDR 8.66–10.33 billion 

(Table 2). In contrast, losses in 2020 were estimated at 

4,612 pieces or 224,584 meters annually [14]. At the 

individual level, gillnet fishers lost approximately 35–41 

pieces per year, or 1,584–1,890 meters, and incured 

financial losses of IDR 18.23–21.74 million per fisher 

annually. 

 
Figure. 4. Frequency of gillnet losses by gear components, including a one entire set, a single piece (one unit), buoys, floats or net cut-offs 
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TABLE 1. 

ESTIMATIONS OF THE NUMBER OF LOST GILLNETS ANNUALLY 

 

Period Vessel (n) 

Average 

Gillnet Loss 

(pieces) 

Standard 

Deviation 

(SD) 

Margin of 

Error 

(95%) 

Individual Estimated Total 

Population CI 

Lower (pieces) 

Estimated Total 

Population CI 

Upper (pieces) 
CI Lower 

(pieces) 

CI Upper 

(pieces) 

1 year 90 38.02 16.18 3.34 34.68 41.37 16,472.70 19,648.41 

1 month 90 3.17 1.35 0.28 2.89 3.45 1,372.73 1,637.37 

 
TABLE 2. 

CONVERSION OF THE NUMBER OF LOST GILLNETS ANNUALLY 

Average 
Gillnet 

Loss 

(meters) 

Individual 
Estimated 

Total 

Population 
CI Lower 

(meters) 

Estimated 

Total 
Population 

CI Upper 

(meters) 

Average 

Gillnet 
Price 

(IDR) 

Individual Estimated 
Total 

Population CI 

Lower (IDR) 

Estimated Total 

Population CI 
Upper (IDR) 

CI 
Lower 

(meters) 

CI Upper 

(meters) 

CI Lower 

(IDR) 

CI Upper 

(IDR) 

1 year          

45.68 1,584.27 1,889.69 752,527.85 897,604.91 525,722 18,231,715 21,746,540 8,660,064,495 10,329,606,307 

1 month          

45.68 132.02 157.47 62,710.65 74,800.41 525,722 1,519,310 1,812,212 721,672,041 860,800,526 

 

 

 
 

Figure. 5. Annual distribution of lost gear units per vessel. 
 

The gillnet types most frequently lost in Pangandaran 

were drift gillnets, set gillnets, and trammel nets. Figure 

5 illustrates the distribution of gillnet losses among these 

types. Overall, set gillnets exhibited the widest 

distribution of losses, rangi 

ng from 10 to 90 pieces annually, compared with the 

other two types. Set gillnets were also the most observed 

gear type during fieldwork. 

B. Causes of Gear Losses and Mitigation Strategies 

1) Causes of gear losses 

Multiple factors contribute to ALDFG in Pangandaran, 

including natural, technical, and social aspects. Based on 

Fisher's interviews, 16 causal factors were identified 

(Figure 6). Strong ocean currents emerged as the primary 

factor, with 87% of respondents reporting it as “always 

occurring” and 13% as “sometimes occurring.” Many 

fishers tend to overlook currents when setting gillnets. 

Strong currents complicate gear deployment and 

retrieval, and may also displace gillnets from their 

original location, both of which contribute to ALDFG 

[32]. 
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Figure 6. Gear loss causes identified in fisher interviews 

 

 
Figure. 7. Surveyed fishers’ prioritization of measures to reduce ALDFG. 

 

 Another major factor is gear snagging on obstructions 

such as coral reefs or shipwrecks. 76% of fishers 

reported always experiencing ALDFG as a result of this 

issue. Pangandaran’s coastal waters host healthy coral 

reef ecosystems [33], which serve as prime fishing 

grounds by supporting high fish productivity. However, 

prolonged fishing activity in reef areas increases the risk 

of gear snagging [34][35]. Adverse weather was also 

identified as a significant factor (23%), as extreme sea 

conditions clearly heighten the risk of gillnet loss. 

Globally, bad weather is recognized as the most common 

cause of fishing gear loss [18]. 

 

2) Mitigation strategies to reduce gear losses 

 

 

 

After identifying the causal factors of ALDFG in 

Pangandaran, it is essential to review applicable 

mitigation measures. Preventive strategies are key to 

reducing ALDFG, requiring a combination of technical, 

economic, and regulatory interventions for sustainable 

gear management [1][36]. Locally, fisher perspectives 

provide crucial input for designing relevant and urgent 

interventions. 

Respondents prioritized several measures (Figure 7). 

The most important, cited by 94% of fishers, was 

financial incentives for collecting and recycling unused 

gear. Gillnet fishers in Pangandaran already practice 

reuse and recycling, with 93% (84 of 90 respondents) 

reporting consistent collection of damaged nets. 

Incentives align with gear buyback and Extended 

Producer Responsibility (EPR) schemes in Europe, 

which require producers to manage gear throughout their 

lifecycle, including collection and recycling [37]. 



International Journal of Marine Engineering Innovation and Research, Vol. 11(3), Sept. 2026. 1085-1092                           

(pISSN: 2541-5972, eISSN: 2548-1479) 
1090 

 

 

Financial support encourages fishers to surrender 

obsolete gear rather than discard it at sea, thereby 

reducing ALDFG and supporting circular economy 

practices. 

 
TABLE 3. 

POLICY MEASURES ADDRESSING TO THE ALDFG PHENOMENON IN PANGANDARAN 

No. Policy measures Preventive Mitigation Curative 

1 Socialization of the ALDFG √   

2 Use of modern technology √ √ √ 

3 Fishing gear marking √ √ √ 

4 Avoid placing fishing gears in areas where it often gets stuck √   

5 Improving fishermen's skills  √  

6 Using durable materials for fishing gear √ √  

7 Report of lost fishing gear   √ 

8 Offer facilities to store discarded fishing gear and provide incentives   √ 

9 Circular Economy of ALDFG   √ 

 
Fishers also emphasized the importance of using higher 

quality gear materials (84%) and improving operational 

skills (77%). In practice, however, fishers often purchase 

new nets rather than repair damaged ones, citing time 

and labor efficiency. The relatively low cost but poor 

durability of nets reinforces this tendency, shortening 

gear lifespans and increasing ALDFG risk [38] 

highlights that durable gear materials reduce breakage 

under strong currents or adverse weather conditions. 

Training programs can also minimize operator errors and 

poor storage practices, forming part of a comprehensive 

policy to reduce ALDFG. 

Technological support and communication systems 

were also considered important. Gear-tracking 

technologies (64%) and effective gear marking systems 

(38%) were seen as solutions to facilitate retrieval and 

reduce ghost fishing. Examples include barcode-based 

gear marking in small-scale fisheries in Pekalongan, 

Indonesia [39]. Technologies such as GPS, RFID, and 

AIS can enable real-time gear tracking, though adoption 

should prioritize simplicity and affordability [1619]. 

Economic constraints limit adoption, underscoring the 

need for subsidies or government support to make these 

technologies accessible to small-scale fishers. 

Improved communication among vessels (57%) and 

access to accurate weather forecasts (47%) were also 

highlighted. Effective communication reduces conflicts 

and gear collisions, while reliable forecasts help 

fishersavoid risky operations. These practices align with 

recommendations by Gilman et al. [40], emphasizing the 

importance of information systems and coordination in 

reducing ALDFG. 

Mitigation is not limited to hardware or information 

systems but also depends on fisher awareness of ALDFG 

impacts [41]. Although only 14% of respondents 

considered awareness-raising “very important,” 80% still 

considered it “important.” This indicates that fishers 

recognize ALDFG impacts but prioritize more practical 

interventions. Systematic education can reinforce 

understanding that gear loss not only causes economic 

hardship but also ecological damage. 

The ALDFG mitigation framework in Pangandaran can 

be organized into three categories [1]: preventive, 

mitigation, and curative. Preventive measures aim to 

reduce gear loss by promoting awareness, implementing 

modern technologies, marking fishing gear, and 

systematically planning fishing grounds. Mitigation 

measures aim to reduce impacts by enhancing skills, 

using durable materials, and implementing tracking 

technologies. Curative measures include reporting, 

collection facilities, incentives, and circular-economy 

practices to recover and recycle lost gear. Collectively, 

these strategies provide a comprehensive approach for 

managing ALDFG in Pangandaran’s gillnet fisheries 

(Table 3). 

IV. CONCLUSION 

Most gillnet fishers in Pangandaran have experienced 

ALDFG. As many as 92% reported being unable to 

recover lost gillnets even when aware of their location. 

Net cuts-offs (92%) and one set (single pieces) (64%) 

were the most frequently lost components, resulting in an 

estimated total loss of 16,473–19,648 pieces per year, 

equivalent to 752,528–897,605 meters annually, with 

financial losses of IDR 8.66–10.33 billion. At the 

individual level, fishers lost an average of 35–41 pieces 

per year or 1,584–1,890 meters, corresponding to 

financial losses of IDR 18.23–21.74 million per fisher 

annually. The primary causes of gear loss were strong 

ocean currents (87%), snagging on obstructions such as 

coral reefs (76%), and adverse weather (23%). To 

address these issues, mitigation strategies can be 

structured into three categories: preventive, including 

awareness programs, adoption of modern technologies 

(GPS, RFID, AIS), gear marking, and fishing ground 

planning; mitigation, involving skill enhancement, use of 

durable gear materials; and curative, encompassing gear 

loss reporting, provision of collection facilities and 

financial incentives, and implementation of circular 

economy practices for recycling. Together, these 

measures can reduce gear loss from the outset, minimize 

ecological and economic impacts, and ensure sustainable 

management of lost fishing gear in Pangandaran. 
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