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Abstract. Small pelagic fisheries are shaped by fleet characteristics, fishing gear, 

operational tactics, and management strategies. However, critical gaps persist in 

understanding technical aspects such as vessel size, engine power, gear types, 

fishing duration, and crew composition. This desk study focuses on the Sunda 

Continental Shelf by examining its current status, challenges and opportunities 

faced by capture fisheries, especially small pelagic fish. The region is surrounded 

by Sumatra, Java, Kalimantan, Peninsular Malaysia and Indochina. The Sunda 

Continental Shelf has played an ecological and economic role and supported 

intensive domestic fishing efforts. Key Indonesian fishing grounds, including the 

Natuna and Java Seas (covering ~1.0 million km²), host an average of 8,200 

purse-seine vessels (2019–2022) and employ ~500,000 fishers using diverse gear 

types. Small pelagic species dominate landings, with Decapterus spp. 

contributing the highest yield—approximately 2.2 million tons annually (29% of 

national landings). Production effectiveness is influenced by successful fishing 

performance, which requires expertise to locate productive areas and predict fish 

migration. In addition, production is also supported by salinity conditions, 

temperature, currents and upwelling phenomena, which pose challenges to its 

sustainability. Thus, this study emphasizes the importance of science-based 

management to balance resource exploitation and conservation in Indonesia's 

small pelagic fisheries. 
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1 Introduction 

The Sunda Continental Shelf is a continental shelf bounded by the South China Sea, 
the Gulf of Thailand, and the Java Sea, respectively. Its depth is shallows, less than 100 
meters on average. The Indonesian islands involved are Kalimantan, Java, and Sumatra. 
The estimated marine area is 1,000,000 square kilometers [1]. The fish resources in 
Indonesia can roughly be grouped into demersal, shrimp, small pelagic, large pelagic 
and miscellaneous non-finfish. The pelagic resources are composed of fish living near 
the surface and usually caught by purse seine, drift gillnet, encircling gillnet, lift net, 
pole and line, troll line and other surface gears.  Small pelagic fisheries are generally 
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located within the continental shelf area, while large pelagic fisheries are far offshore 
[2]. 

Based on the zonation of fisheries statistical areas, fishing activities in Indonesian 
waters can be grouped into four major areas: (A) Eastern Indian Ocean, (B) Sunda 
Shelf, (C) Northern Sulawesi waters, and (D) Maluku-Papua (Tomini bay, Banda, Ar-
afura, and Timor seas.  The Sunda Shelf can be divided into the Malacca Straits, the 
southern part of the South China Sea, Natuna, and the Java Sea, the last two seas, which 
we focused on in this study. Most fish resources harvested for decades belong to the 
demersal and small pelagic groups in these waters. Fishing activities primarily take 
place in the shallow areas.  

The study aims to describe the latest situation of small pelagic fisheries including 
their challenges and opportunities on the Sunda shelf in the Natuna and the Java Sea. 
The findings are intended to sup-port the development of science-based policies that 
ensure the long-term viability of small pelagic resources in the face of increasing fish-
ing pressure and environmental variability. 

2 Materials and Methods 

2.1 Study Area 

This study was conducted in the Sunda Continental Shelf region of the Natuna Sea and 
Java Sea. Both seas are productive fishing areas in Indonesian waters. In addition, this 
region was chosen because the continental shelf is shallow, causing a high diversity of 
marine fish species. 

2.2 Data Collection and Sources 

This desk study research used secondary data from national capture fisheries statistics 
for the period 1980-2022. Primary data sources were annual statistical reports and of-
ficial publications issued by the Indonesian Ministry of Marine Affairs and Fisheries 
(MMAF), as well as fisheries sectoral reports. 

2.3 Analytical Approach 

The analysis uses descriptive methods, in the form of graphical and tabular data presen-
tations, in addition to a qualitative review of fleet operational trends and fishing prac-
tices. Time-series plots were generated to illustrate long-term trends in total catch vol-
umes, key species groups, and production by major gear types. Bar charts were used to 
visualize annual catch contributions by geographic sub regions (Natuna and Java Seas), 
dominant gear types, and principal target species. Summary tables were developed to 
compare annual metrics such as total catch, number of vessels, gear composition, and 
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fishing effort—where data were available—to provide a clear comparative view over 
time. 

2.4 Fleet Composition Assessment 

Available data on the characteristics of the fishing fleet i.e., number of vessels, and 
vessel size were analyzed to assess changes in the fleet structure especially the identi-
fication of small-scale (artisanal) trends. 

2.5 Limitations 

Data limitations, especially in the early years of the small-scale fishery, limited the 
comprehensiveness of the trend analysis. Calculating catch per unit effort (CPUE) or 
obtaining reliable biomass proxies was also limited. However, the integration of graph-
ical representations, tabular summaries, and assessments of fleets and practices pro-
vides a valuable overview of capture fisheries trends and operational dynamics in the 
Sunda Shelf region over four decades. 

3 Results and Discussion 

3.1 Geographical Overview and Fish Resources 

The Sunda Shelf encompasses both the Natuna Sea and the Java Sea, for national fish-
eries management purposes, the Ministry of Marine Affairs and Fisheries decree No. 
18/2014 [3] each sea were categorized as Indonesian Fisheries Management Area 
(FMA) 711 and 712, covering an estimated total area of approximately 1.0 million km². 
These waters are among Indonesia’s most productive fishing grounds due to their rela-
tively shallow depths and rich nutrient content. The Sunda Shelf has been the focus of 
extensive research and monitoring, particularly through recent desk studies utilizing 
national capture fisheries statistics from 1980 to 2022. 

The Natuna and Java Seas are interconnected marine ecosystems in Indonesian wa-
ters, each with distinct environmental characteristics. The Natuna Sea is located be-
tween the South China Sea and the Java Sea in the northern part of Indonesian waters. 
Tropical marine climate with warm temperatures (26-30°C). Diverse coral reef ecosys-
tems with high biodiversity. The deep water reaches less than 200 meters [4]. Rich 
pelagic and demersal fish populations, including tuna-like fish and Mackerel 
(Scombrids), and snapper (Lutjanids), with seagrass beds and mangrove areas along 
coastlines. The estimated area is around 913,664 km2 [5]. The marine capture fish pro-
duction in 2023 was estimated at 7.4 million tons nationally [6], with approximately 
30.6% of this production sourced from FMA 711, including the Karimata Strait and 
FMA 712. The primary species targeted in this area include narrow-barred Spanish 
mackerel (Scomberomorus spp.), frigate tuna (Auxis spp.), little tuna (Euthynnus spp.), 
gold strip sardinella (Sardinella spp.), jack trevallies (Carangids), and short-bodied 
Mackerel (Rastrelliger spp.). While Karimata Strait is a shallow waterway between 
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Kalimantan and the Belitung Islands. Shallow depths averaging 20-40 meters. The es-
timated potential of all nine group resources is approximately 730 thousand tons per 
year, with small pelagic fish available for 376 thousand tons [7]. 

Java Sea is a large, shallow epicontinental sea in central Indonesia. Very shallow 
waters, mostly under 100 meters deep, with an extensive continental shelf environment. 
Mixed coral and soft-bottom habitats, high fishing productivity supporting Indonesia's 
largest fisheries, and seasonal monsoon influences affecting water circulation. River 
inputs from Java and Sumatra create nutrient gradients. Important nursery areas for 
commercially valuable species.  The Java Sea has an area of 414,461 km2 [8].  The 
estimated potential of all nine group resources is estimated at 686 thousand tons per 
year, with small pelagic fish available for 248 thousand tons. However, these resources 
are at full or over-exploited levels [9].  All three areas are part of the Coral Triangle, 
the world's center of marine biodiversity, but face increasing pressures from overfish-
ing, coastal development, and climate change impacts [10].  

3.2 Historical fisheries of small pelagic species 

The small pelagic resources are dominated by six major groups, in 2023, each of which 
had landings of more than 100,000 tons. These are scads (Decapterus spp.), mackerels 
(Rastrelliger spp.), sardine-like fish (Sardinella spp., Dussumieria spp.), anchovies 
(Stolephorus spp., Engraulidae), the Bali oil sardine (Sardinella longiceps) and treval-
lies (Selaroides spp., Alepes spp., Atule spp.). 
 The region is home to approximately 191 million people, accounting for 70% of the 
national population [11]. It supports around 943 thousand fishers, or 34% of total fish-
ers, and a fleet of 235 thousand fishing vessels [12]. The area includes 156 fishing ports 
distributed along the coastline of both areas of Natuna [13]. The Natuna Sea, located 
within the region, shares maritime boundaries with neighboring countries. The region 
has a long coastline stretching about 18,000 kilometers and is administratively divided 
into 13 Local Government Units across three major islands. 

Between 2019 and 2022, the average number of purse seine fishing units was 8,200. 
Approximately 500,000 fishers operate in this region using multiple gear types and tar-
geting various species, with small pelagic fish representing the main component of the 
yearly landings. The estimated annual fish landing from the region is around 2.2 million 
tons, accounting for 29% of the national total [14]. 

3.3 Fishing Activities and Sustainability Concerns 

Fishing activities in the Natuna Sea are predominantly carried out by small- to medium-
scale fishers targeting demersal and small pelagic species. The Java Sea supports arti-
sanal and industrial-scale fisheries and plays a vital role in national fish production. 
However, stock assessments have indicated that the snapper and grouper fisheries in 
the Java Sea are experiencing economic overfishing due to increased fishing efforts and 
less effective fishing costs. Together, these regions form the backbone of Indonesia’s 
coastal fisheries in the western part of the archipelago. However, sustainability con-
cerns highlight the need for improved fisheries management to balance eco-nomic ben-
efits with resource conservation (Table 1). 
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Table 1. The differences in Fisheries between the Natuna Sea and Java Sea. 

Region FMA 
Code

 Key Characteristics 
 

Estimated 
Fish Produc-
tion / Year 

 Key Species Sustainability 
Concerns 

Natuna 
Sea 

FMA 
711 

 Shallow waters, 
shared with the Kri-
amata Strait & 
South China Sea. 
Rich in demersal 
and small pelagic 
species. 

 12.94% of 5. 
million tons 
(2012) 

Narrow-barred Spanish 
Mackerel, frigate tuna, 
little tuna, gold strip sar-
dinella, jack trevallies, 
short-bodied Mackerel; 
catfish, pomfret, rays 

3 High % of ju-
veniles/non-
commercial 
species in the 
catch 

Java 
Sea 

FMA 
712 

High productivity 
area, critical for na-
tional supply. Mix 
of artisanal and in-
dustrial fishing. 

 ~1,341,632 
tons (Poten-
tial/year) 

Demersal fish (657,525 
tons), small pelagic 
(364,663 tons); snapper 
and grouper were tar-
geted heavily 

Overfishing, 
especially of 
snapper/ 
grouper 

3.4 The Proportion to National Efforts and Landings 

The Sunda Shelf plays a significant role in Indonesia's small pelagic fisheries. Accord-
ing to the Ministry of Marine Affairs and Fisheries (MMAF) data from 2022, the na-
tional output figures and the Sunda Shelf's contributions are as follows [14]: Selar spp. 
(Yellowstripe Scad): National output of 300,000 tons; Sunda Shelf contributes 20%, 
equating to 60,000 tons; Decapterus spp. (Scads): National output of 600,000 tons; 
Sunda Shelf contributes 18%, equating to 108,000 tons; Rastrelliger spp. (Indian 
Mackerel): National output of 450,000 tons; Sunda Shelf contributes 24%, equating to 
108,000 tons; Sardinella spp. (Sardines): National production of 420,000 tons; Sunda 
Shelf contributes 36%, equating to 151,200 tons, and Stolephorus spp. (Anchovies): 
National output of 325,000 tons; Sunda Shelf contributes approximately 40%, equating 
to 130,000 tons (see Fig. 1; Table 2). 

Recent studies provide updated insights into the status and sustainability of small 
pelagic fish stocks [15-17]: Selar spp.: a study on yellowstripe scad in the Sunda Strait 
indicates a Maximum Sustainable Yield (MSY) of 1,875.02 tons per year, with a Max-
imum Economic Yield (MEY) of 1,874.71 tons per year [4] Decapterus spp.: Research 
in the Flores Sea suggests an MSY of 45.72 tons per year, with an MEY of 42.15 tons 
per year. Sardinella spp.: An analysis in the Bali Strait estimates an MSY of 372.46 
tons per year for Sardinella lemuru, with an optimum fishing effort of 285 trips per year 
[16]. Stolephorus spp.: A bioeconomic analysis indicates that the actual production of 
anchovies is 65.22 tons, while the optimal production achievable is 45.43 tons, suggest-
ing overfishing [11-15]. 
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Fig. 1. The proportion of five main species in National level (2022) [source: 13-15] 

This comparison highlights the Sunda Shelf's significant role in Indonesia's small 
pelagic fisheries. While species like Selar spp. are within sustainable harvesting levels, 
others such as Decapterus spp., Sardinella spp., and Stolephorus spp. are experiencing 
overfishing, indicating improved management practices. 

3.5 Trends in Purse Seine Vessel Numbers on the Sunda Shelf (2019–2022) 

The number of purse seine vessels operating on the Sunda Shelf has increased from 
2019 to 2021, with a slight decrease observed in 2022. Specifically, the yearly situations 
were as follows: 

o 2019: Approximately 22% of the national fleet of 30,000 units operated in the 
Sunda Shelf region 

o 2020: The proportion remained the same at 22% of the national fleet, which 
had decreased to 25,000 units. 

o 2021: The number of vessels increased to 38% of the national fleet of 30,000 
units (18).  

o 2022: A slight decrease was observed, with the number of vessels in the Sunda 
Shelf region declining to 35% of the national fleet. 

According to the [18] global purse seine fleet, approximately 1,939 vessels were re-
ported worldwide. Large-scale purse seine (LSPS) fleet: Around 650 vessels, each with 
a fish hold volume (FHV) of 335 m³ or greater, were identified, slightly decreasing 
from 652 vessels in 2023. Fishing capacity: the combined fishing capacity of these 
LSPS vessels was estimated at 863,000 m³, marking a 3% increase from the previous 
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year. While specific data for the Sunda Shelf region in 2023 and 2024 is limited, these 
global figures provide context for understanding trends in purse seine vessel numbers. 

Table 2. The trends in the number of purse seine vessels operating on the Sunda Shelf from 2019 
to 2022 

Year National Fleet Size 
(units) 

Sunda Shelf Proportion 
(%) 

Sunda Shelf Fleet Size 
(units) 

2019 30,000 22% 6,600 
2020 25,000 22% 5,500 
2021 30,000 38% 11,400 
2022 30,000 35% 10,500 
2023 Data not available Data not available Data not available 
2024 Data not available Data not available Data not available 

Table 2 illustrates the trends in the number of purse-seine vessels operating on the 
Sunda Shelf from 2019 to 2022. The slight decrease in 2022 may be attributed to vari-
ous factors, including regulatory changes and shifts in fishing patterns. However, spe-
cific data for 2023 and 2024 are not available to provide a comprehensive analysis for 
these years. 

3.6 Annual Trends in Purse Seine Effort and Landings in Indonesia (1980– 
2022) 

Fishing Effort. Indonesia's purse seine fishing industry has undergone significant 
transformations over the past four decades, shaped by regulatory changes, technologi-
cal advances, and resource dynamics. The development of annual fishing effort trends 
reveals a complex pattern of expansion, stabilization, and adaptation that reflects policy 
interventions and market forces. This analysis examines the evolution of purse seine 
operations from the 1980s to the present, highlighting four distinct phases that charac-
terize Indonesia's pelagic fisheries development, with particular emphasis on activities 
in the Java Sea and surrounding waters (Fig. 2, Table 3). In general, the evolution of 
fishing effort was as follows [19]: 

o Indonesia saw a significant increase in purse seine operations. The number of 
purse seine vessels surged from an average of 810 during 1975–1979 to 2,100 
in 1984–1987. This expansion was particularly notable in the Java Sea, where 
the fleet's activities intensified. 

o 1990s Stabilization period: By 1995, total catches of pelagic species in the 
Java Sea had stagnated at around 150,000 tons, roughly the same level as the 
early 1980s. This plateau in catch levels indicated a stabilization in fishing 
efforts.  

o Post-1995 Recovery period: After 1995, total landings began to increase again, 
reaching 8% of the total marine catch of Indonesia by 1997. This resurgence 
was attributed to the expansion of fishing areas and improvements in fishing 
technology. 

o Current period: Data obtained in 2021 and 2022, when compared to the previ-
ous years, showed a slight decrease in purse seine operations. An example 
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occurs at UPT PPP Pasongsongan Madura, where the production value in 2021 
is 3,286,566, with a productivity value of 891.63, while in 2022, the produc-
tion value decreases to 3,119,795, with a productivity value of 806.57 (20). 
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Fig. 2. Number of purse seine in annual trend effort [Source: 13-15] 

Landings. The small pelagic fish landings have exhibited distinct cyclical patterns over 
the past four decades, reflecting the complex interplay between fleet expansion, re-
source avail-ability, and technological advancement. As a critical fishing ground, the 
Java Sea exemplifies these broader national trends through periods of rapid growth, 
stabilization, and fluctuation. This analysis traces the evolution of landing volumes 
from the 1980s to the present, identifying four key phases that illustrate how Indonesia's 
pelagic fisheries have responded to changing operational and environmental conditions. 
These were described as follows: 

o The 1980s: This year saw a significant increase in landings in the Java Sea 
from 49,000 tons in 1975-1979 to 140,000 tons in 1984-1987. This was due to 
an increase in the purse seine fleet and the availability of new fishing grounds. 

o 1990s Stabilization period: Indications of stabilization were mainly in 1995, 
when the total catch of pelagic species in the Java Sea stagnated at around 
150,000 tons. 

o Post-1995 Recovery Period: After the stabilization period in 1995, the total 
catch started to increase again, reaching 8% of Indonesia's total marine catch 
in 1997. This was due to the expansion of fishing areas and the use of fishing 
technology by fishers. 
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Table 3. Annual Trends in Purse Seine Effort and Landings in Indonesia (1980–2022) 

Year  Fishing Effort 
Trend 

Landings Trend Remarks 

1980s Significant in-
crease 

Significant in-
crease 

Driven by the trawl ban and fleet 
expansion 

1990s Stabilization Stabilization Plateau in catch levels, indicating 
stabilization 

Post-1995 Recovery Recovery Expansion into new areas and 

2021–2022 Slight decrease Slight decrease Indicated by data from UPT PPP 
Pasongsongan Madura 

Long-Term Increase: Landings by purse seine fisheries have shown a general upward 
trend from 1980 to 2022. Despite some periods of stagnation, overall production has 
increased due to improved gear efficiency and the expansion of fishing areas. By Spe-
cies Group: Decapterus spp. (Scads) consistently recorded the highest contribution to 
annual historical landings, indicating its critical role in Indonesia's pelagic fisheries. 
Other major contributors include Sardinella spp., Selar spp., Rastrelliger spp., and 
Stolephorus spp. Total landings by purse seine fisheries have increased over the years, 
with Decapterus spp. making the largest contribution historically (Fig. 3). 

 
Fig. 3. Landing by group of species by year [Source of data: 13-15] 

3.7 Annual Trends in CPUE and Effort for Purse Seine Fisheries 

Catch per Unit Effort (CPUE) Trends. Over the 40-year period it appears that most 
species have shown a decline in CPUE values since the early 2000s (Fig. 4, Table 4). 
This suggests reduced fish abundance or fishing efficiency. The species-specific pattern 
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of Decapterus spp. (red line) was relatively stable during the 1990s followed by a sharp 
peak around 1998-2000 (reaching almost 80 kg/vessel/year), then a sharp decline in 
2010. Meanwhile, Rastrelliger spp. (yellow/orange line) showed high variability over 
the period, with several peaks in the 1980s-1990s, followed by a general downward 
trend. In contrast, Selar spp. (blue line) CPUE values were low but relatively stable 
throughout most of the period, there were some fluctuations but generally remained 
below 20 kg/vessel/year. Furthermore, Sardinella spp. (gray line) and Stolephorus spp. 
(green line) showed a downward trend initially at higher levels in the 1980s-1990s.  In 
2020, all species were at relatively low CPUE levels (mostly 10-20 kg/vessel/year or 
below) indicating depleted stocks, increased fishing pressure, or changes in fishing ef-
ficiency. This raises concerns of declining fishery performance. From 1980 to 1997, 
the annual CPUE estimate was trending upward for the purse seine fishery in Indonesia. 
This period saw the expansion of the purse seine fleet and the development of new 
fishing grounds, resulting in higher catch rates per unit effort. CPUE began to decline, 
reaching its lowest level in 2006. This was caused by over-fishing of small pelagic 
species, so that fishing effort exceeded the growth of fish stocks. In the period of 2006-
2022, CPUE remained relatively stable but at low levels of around 20-50% of the peak 
values observed in the late 1990s. This indicates that the fishery has reached a state of 
overexploitation. The potential for recovery is also limited, and there has been no sig-
nificant management intervention. 

 

Fig. 4. The annual trend of estimated CPUE by group of species 1980 – 2022 in both FMAs 
[Source of data: 13-15]  
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Table 4. CPUE and Effort Trends (1980–2022) 

Period CPUE Trend Effort Trend Remarks 
1980–1997 Increasing Increasing Expansion of fleet and fish-

ing grounds 
1997–2006 Decreasing Increasing Overfishing and increased 

effort 
2006–2022 Stable at low levels High and stable Overexploitation and limited 

recovery potential 

CPUE vs. Effort Relationship. Classical fisheries management patterns initially, with 
improved technology and fleet expansion, produced temporary gains, but led to re-
source depletion. The progression from positive correlation to progressively more se-
vere yield declines until operations cease and become unsustainable is common when 
fisheries are overexploited. This demonstrates the effectiveness of CPUE serving as an 
indicator of fishing efficiency and a warning signal for stock health. The description of 
the current status is a management challenge that requires efforts that have nothing to 
do with proportional catch, but which indicate that the fishery has crossed a critical 
sustainability threshold.  

Current Status. There is actually a positive correlation between fishing effort and 
CPUE during periods when fleet expansion and technological advancement become 
higher (Fig. 5). But returns decline as fishing effort continues to increase without being 
matched by growth in fish stocks. Currently, CPUE remains low despite fishing effort. 
This indicates that the fishery is working beyond its sustainable capacity, and the effec-
tiveness of increasing catches is declining. 

 

Fig. 5. The trend of CPUE vs Efforts [Source of data: 13-15] 
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These trends underscore the need for effective fisheries management strategies to 
prevent further decline in CPUE and ensure the sustainability of purse-seine fisheries 
in Indonesia.  The trend of CPUE vs Efforts is low in the last 4 years with an average 
effort of 8200 units.  The CPUE (Catch Per Unit Effort) by species trends from 1980 to 
2022 (Fig. 2) for five fish species, measured in tons per vessel per year. The data illus-
trates several key patterns. Overall Trends: Most species show significant volatility, 
with notable peaks in the 1980s and 1990s, followed by substantial declines. The yellow 
dotted trendline for Sardinella spp. Clearly shows a long-term declining pattern. Spe-
cies-Specific Patterns: Decapterus spp. (red line): Shows the most dramatic fluctua-
tions, with significant peaks around 1985 (~55 ton/vessel/yr) and 1995-1996 (~77 
ton/vessel/year), followed by a sharp decline to much lower levels after 2000. Sar-
dinella spp. (yellow line): Exhibits high volatility with peaks around 1989 (~58) and 
1995 (~70), then generally declining with occasional recovery attempts. Rastrelliger 
spp. (gray line): Shows moderate CPUE levels with peaks in the mid-1990s (~35-40), 
followed by a general decline. Selar spp. (blue line): Maintains relatively stable but low 
CPUE throughout the period (5-25 tons/vessel/year). Steolephorus spp.: Shows consist-
ently low CPUE levels with minimal variation. This graph perfectly illustrates the fish-
eries pattern you described - initial periods of positive correlation between effort and 
CPUE (the peaks in the 1990s), followed by diminishing returns and current low CPUE 
levels despite continued fishing efforts, indicating overexploitation of these fish stocks. 

3.8 The diminishing fishing area per purse seiners and proportion of purse 
seine by GT by year  

In recent years, Indonesia’s purse seine fishery sector has undergone significant 
changes. According to data from the Indonesian Purse Seine Association, the ratio of 
fishing area per purse seiner per year has drastically decreased from approximately 
2,600 km² per vessel to less than 200 km². This decline reflects the increasing scarcity 
of fishery resources and the rising competition among fishers. 

As of 2022, it is estimated that around 9,600 purse seine units were operating in 
Indonesia, with about 72% of them having a capacity of less than 20 GT. Most small-
scale vessels rely on traditional fishing technology and target small pelagic species in 
coastal areas. However, the growing number of low-capacity vessels has led to height-
ened competition among small- and medium-scale fishers, potentially resulting in over-
capacity and declining catch rates. 

This phenomenon aligns with the findings of [20], who observed that under intense 
competition, fishers tend to increase their fishing efforts by increasing the frequency of 
trips and using fuel and ice, despite diminishing returns. 

To address these challenges, adaptive and data-driven fisheries management ap-
proach-es are needed, including fleet size regulation, improved technological effi-
ciency, and stronger policy enforcement, to ensure both the sustainability of fishery 
resources and the livelihoods of fishing communities. 

A Steep Decline in Available Fishing Area. The graph (Fig.6) shows a sharp expo-
nential decrease from approximately 2,700 km² per vessel in the mid-1970s to less than 
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200 km² per vessel by the 2020s - representing roughly a 90% reduction in available 
fishing space per vessel. Two-Phase Decline Pattern i.e.: Rapid decline phase (1970s-
1990s): The steepest drop occurs during this period, with available area per vessel fall-
ing from over 2,500 km² to around 500 km².   
 

 
Fig. 6. The decline of area by unit of purse seiners by year (1977 – 2022) [Source of data: 11-15] 

Gradual decline phase (1990s-2020s). The rate of decline slows but continues steadily 
downward to current low levels. Overcapacity Evidence: This dramatic reduction in 
fishing area per vessel directly supports the concerns about overcapacity mentioned in 
your management analysis. The trend suggests that the number of purse seiners has 
increased much faster than any expansion of fishing grounds, leading to severe over-
crowding.  Management Implications: The exponential decay pattern (indicated by the 
fitted dotted trend line) suggests that without intervention, the available fishing area per 
vessel will continue to decline to critically low levels, further intensifying competition 
and potentially reducing operational efficiency. This data strongly supports the need 
for fleet capacity controls through licensing or quota systems as in your fisheries man-
agement strategy recommends. 

This stacked bar chart shows the number of purse seiner fishing vessels (in thou-
sands) from 2019 to 2022, categorized by different size classes, with the legend indi-
cating vessel size ranges likely in gross tonnage (GT) (Fig. 7). The total fleet size shows 
significant variation over the four-year period, starting with approximately 6,300 ves-
sels in 2019, decreasing to about 5,500 vessels in 2020 (a 13% decline), then experi-
encing a dramatic surge to around 11,400 vessels in 2021 (a 107% increase), before 
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contracting again to approximately 9,600 vessels in 2022 (a 16% decrease from the 
2021 peak). Throughout this period, small vessels under 10 GT consistently dominated 
the fleet composition. However, their proportion varied considerably from 22% to 59% 
while medium-small vessels in the 10-20 GT category represented the second-largest 
segment, fluctuating between 28% and 50%. Medium vessels (20-30 GT) showed sig-
nificant variation, ranging from just 8% in 2021 to 26% in 2022, while larger vessels 
(30+ GT) remained a relatively small proportion throughout the entire period.  

 

 
 
Fig. 7. The four continuous years of several purse seiners by GT categories [Source of data: 14-
15]  

The year 2021 stands out as particularly unusual, showing the largest total fleet size 
and the greatest concentration of smallest vessels at 59%, while 2022 demonstrated a 
notable shift toward medium-sized vessels, with 50% falling in the 10-20 GT category. 
This dramatic fleet expansion in 2021, followed by subsequent contraction in 2022, 
suggests possible influences from policy changes, economic factors, or adjustments in 
registration and licensing procedures, and this data could directly relate to the relation-
ship between fishing effort and CPUE discussed earlier, as the fleet expansion in 2021 
may represent increased fishing pressure that contributed to ongoing sustainability con-
cerns. 

The purse seine fishery sector is facing increasing pressure due to a rise in fishing 
vessels and intensifying competition, particularly among small to medium-sized oper-
ators. These challenges necessitate targeted policy responses to ensure sustainability 
and effective resource management. 
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3.9 Opportunities 

There are several key opportunities to enhance the management and sustainability of 
fisheries in the Sunda Shelf region. One significant opportunity lies in implementing 
science-based management, enabling more informed and adaptive decision-making 
based on ecological and stock assessment data. Another critical area is the improvement 
of data collection and monitoring systems, particularly for small-scale fisheries, to en-
sure the availability of accurate and timely information for management and policy de-
velopment. 

Additionally, there is potential to integrate environmental forecasting into fisheries 
planning, allowing for better anticipation of oceanographic changes that may affect fish 
stocks and fishing operations. Lastly, promoting sustainable fishing practices, such as 
gear selectivity, seasonal closures, and community-based management, can support 
long-term resource health while maintaining the livelihoods of fishing communities. 
Success in these efforts depends critically on involvement from local government units 
and stakeholders to ensure accountability and enable adaptive management responses 
to changing conditions. 

3.10 Policy Recommendations 

Several strategic actions are recommended to strengthen fisheries governance and sus-
tainability in the Sunda Shelf region:  

o First, there is a need to enhance research on the technical aspects of fishing, 
particularly through the leadership and expertise of the National Research and 
Innovation Agency, which can contribute to developing more efficient and 
sustainable fishing technologies. 

o Second, developing of early warning systems based on oceanographic condi-
tions is essential to anticipate environmental changes that may impact fisheries 
productivity and safety at sea. In addition, regular monitoring and updating of 
catch-per-unit-effort (CPUE) data should be prioritized, as CPUE serves as a 
key indicator of stock health and resource availability. 

o To ensure long-term sustainability, supporting adaptive harvest strategies that 
balance ecological and economic viability is crucial. Strengthening regional 
cooperation and harmonizing fisheries policies will also contribute to more 
effective transboundary resource management. 

o Furthermore, it is essential to foster partnerships with local government units 
and stakeholders, to develop performance indicators tailored to specific con-
texts and to ensure meaningful community participation in fisheries manage-
ment decisions. 

o Effective fisheries management also requires that policymakers implement li-
censing or quota systems to control fleet capacity. These systems should be 
complemented by gear restrictions and area-based management measures, de-
signed to reduce competition among small-scale fishers and prevent Overex-
ploitation. 

o Lastly, there should be strong support for fisher training programs and com-
munity engagement initiatives, essential for building local capacity, enhancing 
compliance, and fostering stewardship of marine resources. 
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4 Conclusion 

Sunda Shelf is vital for Indonesia’s fisheries. Balancing productivity and conservation 
is essential: Addressing these management issues is critical to achieving sustainable 
and equitable outcomes in the purse seine fishery. A shift toward sustainable, data-
driven management is urgent. Proactive policy measures and stakeholder collaboration 
will be vital in reversing current trends and securing the future of the sector. Address-
ing these management issues is critical to achieving sustainable and equitable out-
comes in the purse seine fishery. Proactive policy measures and stakeholder collabora-
tion will be vital in reversing current trends and securing the future of the sector. 
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