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Abstract. This research assessed the sustainability of glass eel management in 

the Cimandiri Estuary and River. The evaluation utilized the framework of the 

seven domains of ecosystem-based fisheries management specific to inland 

fisheries. The study commenced in December 2024 and concluded in March 

2025. Primary data were collected through questionnaires, interviews, and 

observations involving 106 respondents, which included fishermen, glass eel 

users, collectors, large-scale collectors, and stakeholders such as fisheries 

extension workers, fisheries experts, and local agencies involved in fisheries 

management. Secondary data were gathered from government agency reports, 

literature reviews, and previous research references.  The questionnaire was 

designed based on technical guidelines to assess indicators within each domain, 

and responses were measured using a Likert scale. The scoring criteria ranged 

from 1 to 3 to evaluate the opinions or perceptions of the respondents.  The results 

showed composite scores for three domains: fishing techniques scored 1,056, 

governance scored 993, and stakeholder involvement scored 794, all indicated by 

a green flag. In contrast, the scores for the remaining four domains were: resource 

environment at 1,090, social factors at 932, economic aspects at 694, and fish 

resources at 698, represented by a yellow flag. The aggregate score across all 

seven domains was calculated to be 894, indicating that the sustainable 

management of glass eels in the Cimandiri Estuary and River is at a good level 

according to the Ecosystem Approach to Fisheries Management (EAFM) 

assessment. However, strategies are still needed to maintain and improve the 

areas that are currently underperforming. 
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1 Introduction 

The rivers that enter to the coastal area of Palabuhanratu Bay, Sukabumi Regency were 
waters that store ample fishery resources such as Eel (Anguilla spp.) which was in-
cluded in the family Anguilidae [1], catadromous, namely migrating between fresh wa-
ter and sea [2], spawning in the sea [3], biological life cycle consists of egg, larvae 
(leptocephalus), glass eel (transparent juvenile), young eel (elver and yellow eel), and 
adult eel (silver eel) [4]. The potential distribution of eels (Anguilla spp.) in 
Palabuhanratu Bay was found in six large rivers, namely: Cimandiri in Simpenan Dis-
trict, Cikaso in Cibitung District, Cibuni in Tegalbuleud District, Ciletuh in Ciemas 
District, Cibareno in Cisolok District, and Cikarang in Ciracap District [5]. The Ci-
mandiri Estuary and River represent one of the main glass eel migration areas (see Fig. 
1), with the dominant species composition consisting of A. bicolor bicolor, A. mar-
morata, and A. nebulosa nebulosa [6]. The most significant proportion of the catch was 
dominated by A. bicolor bicolor [7].  

 
Fig. 1. Glass eel from the Cimandiri estuary and river 

The Cimandiri Estuary and River is located in the Palabuhanratu District. Its river 
basin extends from Palabuhanratu District in Sukabumi Regency, passing through 
Sukabumi City and Cianjur Regency in West Java Province. The total length of the 
river, from its source to its mouth, is approximately 195.9 km, and it has a watershed 
area of 1,821 km² [8]. The waters of the Cimandiri Estuary and River fall within the 
State Fisheries Management Area of the Republic of Indonesia, specifically Inland Wa-
ters 432 [9]. This area includes the southern part of Java Island, as well as Panaitan 
Island and Tinjil Island. 

Global issues regarding the status of European eel (Anguilla anguilla) have been 
included in the Appendix II list of Conservation on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), as a result the demand for eel imports has 
shifted to American and Southeast Asian countries [10]. The latest data from portal-
data.kkp.go.id [11], which was accessed on 2025, recorded the volume and value of 
Indonesian Anguilla spp. exports in 2021-2025 still exist both in fresh and frozen forms, 
although the trend was decreasing (see Fig. 2). Current Anguilla spp. exports were 
mainly aimed at Asian countries such as China and Japan, also American and Europe. 
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Management of glass eel in this area was partially regulated through national fisheries 
policies, but implementation at the local remains fragmented and weakly coordinated. 
Habitat quality and recruitment were still vulnerable, requiring stronger cross district 
governance and community-based management. 

Volume and Value of Anguilla Spp. Exports in 2021-2025 

 

10.165 

8.257 

4.029 

370 
1.308 

13.721 

14.323 

8.412 

717 
3.780 

 -

 2.000

 4.000

 6.000

 8.000

 10.000

 12.000

 14.000

 16.000 

2021 2022 2023 2024 2025 

Volume (Tons) Value (USD 1.000) Data in 2025, until March 

Fig. 2. Volume and Value of Indonesian Anguilla spp. Exports in 2021-2025 

The graph of Anguilla spp. export volume and value showed that Anguilla spp. from 
Indonesia was still one of the export commodities, although in the last 4 years it has 
shown a significant decline in the number and value of exports. However, international 
market demand for Anguilla spp. continues to increase, the decline in production was 
caused by, among others, the decline in function of public waters (rivers and reservoirs) 
[12], habitat quality and climate change [13], causing Indonesia's inability to meet this 
demand. Indications of other causal factors included export competition with other 
countries, non-tariff barriers, export regulations and high cultivation costs [14]. The 
total volume of Anguilla spp. and glass eel caught in 2020-2024 of Sukabumi regency 
and Estuary-Cimandiri river also tended to decrease (see Fig.3 and Fig 4). 
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Fig. 3. Total of Anguilla spp. Caught in 2020-2024 

The data indicated a decline in the catch of Anguilla spp. over a five-year period 
(2020-2024) in Sukabumi Regency, as well as in the Cimandiri estuary and river that 
are part of this regency [15]. This decrease in Anguilla spp. catches in the region may 
be a contributing factor to the overall decline in national catch results. 
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Fig. 4. Total of Glass Eel Caught Result in 2020-2024 

The graph presented in 2020 shows that the catch of glass eels decreased sharply, 
then increased in 2021, and fluctuated until 2024. This fluctuation raises the question 
of whether the changes in catch are due to weather anomalies, overexploitation, or other 
anthropogenic factors. The migration process is related to natural phenomena, including 
weather anomalies. Additionally, the decline in fish stock numbers can be attributed to 
climate change, overfishing, and various human activities [16]. 

In addition to providing essential nutrients, rivers serve as media for transporting 
organic pollutants from agricultural areas, plantations, and industrial waste [17]. Sand 
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mining for commercial purposes, along with a lack of public awareness, contributes to 
environmental degradation [18]. Pollution resulting from human activities poses a sig-
nificant threat to the quality of coastal waters and can harm biodiversity [19]. Anthro-
pogenic waste accumulates as sediment in both organic and inorganic forms. The pres-
ence of domestic waste pollution in the Cimandiri Estuary and River is evidenced by 
the density of waste observed in these areas [20]. 

Human resource factors of the Social Ecological System (SES) interaction, has the 
potential to influence the culture of glass eel fishing (including fishermen). In SES in-
terconnection, glass eel management was influenced by internal strengths (business ac-
tor networks, activities of Non-Governmental Organizations (NGOs), community par-
ticipation, and fishermen's fighting spirit), as well as weaknesses (minimal business cap-
ital, lack of infrastructure, uncertain fishing seasons, sales quotas depending on farmers, 
and lack of cooperation [21]. 

Socio-economic relations were also thought to cause complexity in all directions and 
gaps arise due to interactions in the diversity and complexity of ecosystems with hu-
mans. Most terrestrial ecosystems were affected by human activities that interact with 
each other, for example, the migration of organisms through water flows and other ma-
terials [22]. The theory of interactive governance argues that the community system 
was basically diverse, complex and dynamic, and these characteristics behavior funda-
mental challenges in governance in different regions. An important consequence was 
how the government's ability to manage as a whole well [23]. Local agreements and 
forms of management and utilization of resources based on customary law showed that 
the community has conservative values about the existence of natural resources around 
it [24]. 

Sustainable glass eel management domains will be assessed for their management 
status using the EAFM indicators [25],[26],[27]. Ecosystem Approach to Fisheries 
Management Inland Water (EAFM-IW) was one solution to be able to assess the prob-
lems of global issues of eel conservation, environmental factors of polluted resources 
due to anthropogenic degradation, glass eel fishing technology, glass eel resources, 
connectivity systems in social, economic, governance, and stakeholders in The Ci-
mandiri Estuary and River, furthermore suspected of disrupting the glass eel migration 
process. Based on the background and problems above, the purpose of this study was 
to assessment the sustainability management of glass eel in The Cimandiri Estuary and 
River based on seven domains of inland fisheries sustainability, namely resource envi-
ronment, fishing technique, social, economy, fish resources, governance and stakehold-
ers. 

2 Materials and Methods 

2.1 Time, Place and Data Collection 

The research was conducted from December 2024 to March 2025 in the Cimandiri Es-
tuary and River, located in Palabuhanratu, Sukabumi Regency. The study area is 
marked in yellow, extending from the estuary's zero point up to 5 km upstream along 
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the Cimandiri River (see Fig. 5). Primary data was collected from respondents who are 
users of glass eels, including stakeholders from various sub-districts and villages as 
shown on the map (Fig. 5). This data collection involved questionnaires, interviews, 
and observations. Secondary data was obtained from references and reports provided 
by relevant agencies and stakeholders. The total number of respondents was 106, which 
included members of glass eel fishing groups, glass eel catchers, collectors, large-scale 
collectors, fisheries extension workers, fisheries experts, and representatives from re-
lated agencies in the area. 

 

 
Fig. 5. Research Location 

2.2 Data Analysis 

The Ecosystem Approach to Fisheries Management Analysis utilizes a multi-attribute 
approach that assesses symptoms or performance indicators of overall aquatic 
ecosystem conditions. This analysis employs a multi-criteria system that results in a 
composite index assessment to evaluate the status of fisheries management, using the 
Flag Modeling Technique. 

2.3 Research Design 

This assessment serves as a tool to evaluate seven key areas of sustainable inland 
fisheries management. It aims to identify indicators in a multicriteria framework, 
ultimately producing a composite index value for each area and its corresponding 
indicators. The process of mathematical Multi-Criteria Analysis includes the following 
stages: 
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- Determine the criteria for each indicator from the seven domains of sustainable 
inland fisheries management. 

 

- Review each domain indicator based on primary and secondary data relevant to 
the conditions of the fisheries management area (the best available data). 

 

- Determine the value limits (reference points) because each attribute has a different 
unit but will still be combined in the same assessment, namely the scoring system. 

 

- Provide a score value (nrij) for each indicator i and domain j using a likert scale 
(based on ordinal 1,2,3), and the criteria that have been set for each domain (Dj). 

 

- Determine the score for each attribute from all domains in the range of 1-3. The 
score value refers to the value of each attribute based on the reference point with 
minimum, medium and maximum value categories. 

 

- Determine the weight based on the ranking (brij), for the indicator i and domain j. 
Weighting was set on a scale of 1-100. 

 

- Identify the level of connectivity (density) between domains and indicators by 
determining the domain score (sd) from the results of cognitive mapping of the 
relationship between indicators, which was the main characteristic of EAFM. The 
density (connectivity) of each attribute was the relationship between one attribute 
and another. The maximum density occurs when an attribute has a relationship 
with an attribute other than itself, so that the maximum density will be (n-1), where 
was n, the total EAFM research attributes.  

 

- Develop a composite assessment for each j-domain (Catat.i) with a simple formula, 
namely: 

 

Cat.i = Sai xWi xDi 

Description: 
Catat.i = Total EAFM value of one attribute in the domain 
Sai      = Score of the ith attribute 
xWi   = Weight of the ith attribute 
xDi      = Density of the ith attribute 

- Develop an aggregate composite index for all jth domains (Dj) in the region (e.g 
WPP) to be assessed using the function model: 

C WPPi = f (Dj, nsij, brij, sdi). . 
Or the basic formula for aggregate composite analysis was: 

C-WPPi =AVE dj : nsij x brij x sdi 

Description: 
AVE = Arithmetic average of the jth domain (Dj) from the total multiplication 
between nsij (ranking value of the ith indicator of the jth domain), brij (ranking 
weight of the ith indicator of the jth domain) and sdi (density score of the ith 
indicator). Or simply use the following formula: 

S Cat.i = Sai xWi xDi 

- Based on the total indicators assessed, it was analysed using a simple composite 
analysis based on the arithmetic mean which was displayed in the form of a flag 
model. This composite index was the total conversion value of each EAFM 
domain. The total value of the multiplication of EAFM components was converted 
on a scale of 1-100. The scale conversion value of each domain was: 

 



 

 

 

 

indicators. 

 

Description: 
Cat.i  = Total EAFM value of one attribute in the domain 
Cat.imax = Maximum value of one attribute in the domain obtained when all 

attributes have a score of 3. Cat.imax will have a maximum value if all 
attribute scores in a domain have a value of 3, meaning that all 
attributes were in the highest reference point or in the good category. 

- Determination of the value of the total composite of all EAFM domains assessed 
using the following formulation: 

 

- The next stage was the classification of EAFM domain values as presented in 
Table 1 and Table 2. 
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C at-i 
= x 100 

C at-imax 

Nk-i 

C at-i 
= x 100 

C at-imax 

N 

Nk-i 

Table 1. Flag status of each EAFM domain 

Flag 
Status 

Category Description 

 Bad The domain conditions have not yet implemented the 
principles of sustainable fisheries 

 Moderate The domain conditions have implemented sustainable 
fisheries principles, but were not yet optimal. 

 Good 
 

The domain conditions have implemented sustainable 
fisheries principles optimally. 

Table 2. Flag status of fisheries management in an inland water area 

Flag 
Status 

Category Description 

 Bad Fisheries management in the local ecosystem has not 
implemented sustainable fisheries principles, so it 
was necessary to establish a strategic plan to improve 
or enhance the conditions of existing domains and 

 Moderate Fisheries management in the local ecosystem has 
implemented the principles of sustainable fisheries, 
but was not yet optimal, so it was necessary to 
establish a strategic plan to optimize or improve the 

 Good 
 

conditions of existing domains and indicators. 
Fisheries management in the local ecosystem has 
optimally implemented sustainable fisheries 
principles, so it was necessary to establish a strategic 
plan to maintain or improve the existing domain 
conditions and indicators. 
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3 Results and Discussion 

3.1 Results 

Calculation of indicator values from the seven domains of sustainable management 
of glass eels in the Cimandiri Estuary and River used derived criteria according to the 
reference. The results of all criterian calculation of the domains will produce a compo-
site indicator value (CI) which was the result of multiplying the ranking value (nr), 
weight value (br) and score value (nk) or [nr*br*nk]. The composite indicator value 
(CI) will be recapitulated to produce a domain composite value (CD). The next stage 
was to calculate the aggregate value of the seven domains to determine the status of the 
glass eel management in the Cimandiri Estuary and River.  

The results of the flag status indicated in the form of green (good), yellow (moderate) 
and red (bad) will be presented for each indicator, domain and aggregate of sustainable 
management of glass eels in the Cimandiri Estuary and River. The recapitulation of 
domains, indicators, criteria with ranking values was explained in Table 3. 

Table 3. Recapitulation of domains, indicators, rankings and criteria (likert scale) 

Domain Indicator Ranking Criteria (Score) 

Water level 
fluctuations 

7 Fluctuation 1=rise and fall > 1 m; 2=rise and fall be-
tween 0.6-1m; 3= Rise and fall < 0.5m 

Pollution 1 1=there was pollution, disrupting migration; 2=there 
was pollution, not disrupting; 3=there was no pollution 

Borders/littoral 
areas 

6 1= < 1m from river flow; 2=1-15m from river flow; 3= 
> 15m from river flow 

Resource en-

Important hab-
itats 

5 1=environmental and habitat changes have occurred, 
cannot be restored; 2=environmental and habitat 
changes have occurred, can still be restored; 3=envi-
ronmental and habitat changes have not occurred 

vironment Environmental 
modification 

2 1=has been disrupted glass eel migration; 2=has not 
been disrupted glass eel migration; 3=none 

Shallowing or 
reduction in 
water area 

4 1= shallowing, disrupting glass eel migration; 2= shal-
lowing, not disrupting glass eel migration; 3=no shal-
lowing 

Fishing ban 3 1=no ban on catching glass eel at a certain time; 2= a 
ban on catching glass eels at a certain time, but it has 
not been properly complied with; 3=a ban on catching 
glass eels at a certain time and it has been complied 
with 

Fishing gear 3 1= use of prohibited fishing gear >5 types; 2 = use of 
prohibited fishing gear 1-5 types; 3=no use of prohib-
ited fishing gear 

Fishing tech-
niques 

Capture 
method 

4 1=glass eel fishing methods that endanger sustainabil-
ity; 2=fishing methods that technically endanger like 
operating towed fishing gear; 3= no glass eel fishing 
methods that endanger sustainability 

Selectivity of 
fishing gear 

1 1=often caught fish species other than glass eel; 
2=sometimes caught fish species other than glass eel; 
3=only glass eel 
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Domain Indicator Ranking Criteria (Score)  

Fishing gear 
productivity 

2 1=number of productive fishing gear ≥10 units; 2= 
number of productive fishing gear <10 units; 3=no 
high productivity fishing gear 

Placement of 
fishing gear 

5 1=placement of fishing gear in important fish habitats; 
2=placement of fishing gear that closes most of the mi-
gration routes of glass eels; 3=no placement of fishing 
gear that was detrimental to the sustainability of glass 

Community 
Participation 

2 1=no community participation; 2=community partici-
pation in the form of glass eel fishing that did not dam-
age the environment; 3=community participation in 
the form of fishing that did not damage the environ-
ment, maintaining, recording/reporting destructive 
fishing activities. 

Fisheries con-
flict 

3 1=vertical and horizontal conflict; 2=either vertical or 
horizontal conflict; 3=no conflict occurs 

Social 

Local agree-
ment 

1 1=local agreements that conflict with sustainable fish-
eries management efforts; 2=no local agreements that 
support sustainable fisheries management efforts; 
3=local agreements that support sustainable fisheries 
management efforts 

Role of charac-
ters 

4 1=no community leaders; 2=community leaders, but 
they have little role in sustainable fisheries manage-
ment; 3=community leaders and they have a dominant 
role in sustainable fisheries management 

Proportion of 
Education 

5 1=proportion of low education >60%; 2=proportion of 
low education 30-60%; 3=proportion of low education 
<30%. 

Experience as 
a glass eel 
catcher 

6 1=over 10 years <30%; 2=over 10 years 30-60%; 
3=over 10 years >60%. 

Asset owner-
ship 

2 1=the assets from glass eel income did not increase; 2= 
the assets from glass eel income increased<30%; 3= 
the assets from glass eel income increased >30% 

Proportion of 
income 

1 1=income from glass eel fishing was low <50% RMW; 
2=income from glass eel fishing was medium between 
50-75% RMW; 3=income from glass eel fishing was 
high >75% RMW Economy Consumptive 

Level 
4 1 = food expenditure < non food expenditure; 2= food 

expenditure = non food expenditure; 3 = food expendi-
ture > non food expenditure 

Indicators of 
economic de-
pendency 

3 1=derived from glass eel fishing business was only an 
additional sideline; 2=derived from glass eel fishing 
business was a main sideline; 3=only derived from 

Trends in fish-
ing production 

1 1= trend of catches decreasing >25%; 2= trend of 
catches decreasing 25%; 3= trend of catches stable or 
increasing 

Fish re-

Changes in the 
size of glass 
eels caught 

3 1=decreasing; 2=relatively constant; 3=increasing 

sources Composition 
of catches 
other than 
glass eel 

2 1=incomplete catch composition, that were top preda-
tors other than glass eels; 2= quite complete catch 
composition, still caught native species; 3= complete 
species composition, high diversity, still caught native 
species of fish that were predators other than glass eels 
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Domain Indicator Ranking Criteria (Score) 

The presence 
of introduced 
and invasive 
species caught 
other than 
glass eel 

4 1=introduced species and have become invasive spe-
cies caught with glass eels; 2=introduced species, but 
have not become invasive species caught with glass 
eels; 3=no introduced species caught with glass eels 

Compliance 
with sustaina-
bility princi-
ples 

2 1=violations occurred >5 times; 2=violations occurred 
1-5 times; 3=violations never occurred 

Indicators of 
completeness 
of legal regula-
tions 

1 1=no regulation; 2=regulation was available, regulat-
ing not completely; 3=regulation was available that 
can comprehensively regulate sustainable fisheries 
management 

Governance 

Local wisdom 3 1=no local wisdom; 2=local wisdom, but it was not yet 
fully capable of guaranteeing the sustainability of en-
vironmental resources; 3=local wisdom, fully capable 
of guaranteeing the sustainability of resources and the 
environment 

Decision mak-
ing mechanism 

4 1=no decision-making mechanism was implemented; 
2=decision-making mechanism was implemented, but 
did not involve <2/3 of community members’ agree-
ment; 3=decision-making mechanism was imple-
mented and involves >2/3 of community members' 
agreement 

Fisheries Man-
agement Plan 

5 1=no fisheries management plan; 2= a fisheries man-
agement plan, not yet fully implemented; 3=fisheries 
management plan and has been implemented by all rel-
evant stakeholders 

Level of syn-
ergy of fisher-
ies manage-
ment policies 

1 1=many sectors utilize inland waters, but no effort to 
synergize policies; 2=effort to synergize policies, but 
it was less effective; 3=synergy between institutions 
was running well, each cross-sector policy supports 
sustainable fisheries management 

 
 

Stakeholder 
capacity 

3 1=latent stakeholders did not have a policy orientation 
towards sustainable fisheries management; 2=latent 
stakeholders have a policy, but other stakeholders lack 
adequate capacity; 3=latent stakeholders have a policy 
orientation towards sustainable fisheries management, 
and other stakeholders have adequate capacity 

 
Stakeholders Policy direc-

tions that sup-
port sustaina-
ble fisheries 
management 

2 1=no programs/activities/budgets to support sustaina-
ble fisheries management; 2=programs/activi-
ties/budgets to support sustainable fisheries manage-
ment, but very limited; 3=the availability of pro-
grams/activities/budgets strongly supports sustainable 
fisheries management 

Local scale 
fisheries man-
agement insti-
tutions 

4 1=no fisheries management institution; 2=a local fish-
eries management institution but not yet effectively; 
3=a local fisheries management institution running ef-
fectively 

The ranking value of each indicator was determined based on structured interviews 
result with fisheries figures and stakeholders related to glass eel management, and the 
ranking one of every indicator as the main priority reference value for glass eel man-
agement indicators. The seven domains were assessed using 35 criteria and will be 
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compiled to assess each indicator to obtain the total value of each indicator (indicator 
composite value), the composite range is presented in Table 4.  

Table 4. Range of composite each domain 

No Domain Range of Composite  
  Bad Moderate Good 

1. Resource environment 500-833 834-1167 1168-1500 
2. Fishing techniques 367-611 312-856 857-1100 
3. Social 433-722 723-1013 1013-1300 
4. Economy 300-500 501-701 702-900 
5. Fish Resources 300-500 501-701 702-900 
6. Governance 367-611 612-856 857-1100 
7. Stakeholders  300-500 501-701 702-900 

After determining the composite range of each domain, the total composite domain 
will be assessed based on the composite range, entering into the green, yellow or red 
status flag category (Table 5). 

Table 5. Flags status result for each domain in the Cimandiri Estuary and River 

Domain  Total 
(CD)  

Range Calcu-
lation (CD) 

Flag 
Status 

Description 

Resource en- 1090 500 - 833 "Moderate", domain of resources 
vironment 834 - 1167 environment conditions have 

implemented sustainable fisheries 

1168 - 1500 principles in the Cimandiri Estuary and 

Fishing tech- 1056 367 - 611 "Good", domain of fishing techniques 
niques 612 - 856   has implemented sustainable fisheries 

principles optimally in the Cimandiri 
857 - 1100 Estuary and River. 

Social 932 433 - 722 "Moderate", domain of social 

723 - 1012   sustainable fisheries principles in the 

1013 - 1300 Cimandiri Estuary and River,  but were 
not yet optimal.  

Economy 694 300 - 500 "Moderate", domain of economy 

501 - 701 
  sustainable fisheries principles in the 

702 - 900 not yet optimal. 
 

Fish Re- 698 300 - 500 "Moderate", domain of fish resources 
sources 

501 - 701 
conditions have implemented 



 

 

 

 

 

  
tions has implemented sustainable fish-
eries principles optimally in the Ci-

 

612 - 856  
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Domain  Total 
(CD)  

Range Calcu-
lation (CD) 

Flag 
Status 

Description 

702 – 900 

sustainable fisheries principles in the 
Cimandiri Estuary and River,  but were 
not yet optimal. 

Governance 993 367 - 611 "Good", domain of governance condi-

857 - 1100 mandiri Estuary and River. 
 

Stakeholders 794  300 - 500 

501 - 701 

702 - 900 

 

"Good", domain of stakeholder condi-
tions has implemented sustainable fish-
eries principles optimally in the Ci-
mandiri Estuary and River. 

The final step was to determine the sustainability status of glass eels in the Cimandiri 
Estuary and River by determining the aggregate EAFM value and placing the aggregate 
value into the green flag, yellow flag or red flag group. The result of final status pre-
sented that the sustainable management of glass eel in the Cimandiri Estuary and River 
was in good status or marked with the green flag (Table 6). 

Table 6. Sustainability status of glass eel in the Cimandiri Estuary and River  

Status  Aggregate 
Value 

Range Aggre-
gate  

Flag 
Status 

Description 

Sustainable 
manage- 367 - 611 

Fisheries management in the Ci-
mandiri Estuary and River has opti-

ment of 
glass eels in 
the Ci- 894 

612 - 856 
  

mally implemented sustainable fish-
eries principles, so it was necessary 
to establish a strategic plan to main-

mandiri Es-
tuary and 
River  

857 - 1100 tain and improve the existing domain 
conditions and indicators.  

3.2 Discussion 

Environmental Condition. The evaluation of the environmental domain concerning 
glass eel in the Cimandiri Estuary and River revealed two indicators that are marked 
with a less than ideal status (red flags): water pollution and environmental modification. 
According to primary data, 82.08% of respondents reported that water pollution has 
occurred in the Cimandiri Estuary and River. This finding is supported by in situ water 
sample analyses conducted in the area. The total dissolved solids (TDS) parameter in 
the estuary was measured in two analyses, which showed levels of 2,110 mg/L in the 
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first analysis and 7,278 mg/L in the second. These results indicate a significant presence 
of pollutants or contaminants in the water, as the levels exceeded the acceptable stand-
ard for fisheries water quality, which is 1,000 mg/L [28]. Therefore, it can be concluded 
that the water quality in the estuary is negatively affected. Meanwhile, the environmen-
tal modification indicator in estuary and river of Cimandiri was a causal effect from the 
construction of dams, sand mining, industry and activities in the river basin upstream. 
Primary data from respondents answered that environmental modifications for glass eel 
habitat starting from the estuary and 5 km upstream have not completely disrupted the 
glass eel migration cycle. 

Fishing Technique. The fishing gears utilized in the Cimandiri estuary and river, sirib 
sodok (triangular) and sirib pagang/anco (square) were categorized as environmentally 
friendly fishing methods under the Ministerial Regulation of the Ministry of Marine 
Affairs and Fisheries No. 18/2021 [29].  

EAFM assessment result of glass eel fishing techniques showed that four indicators 
have a green flag, but one indicator namely the selectivity criteria for fishing gear 
needed to be improved. Fishing gear that has high selectivity can avoid non-target 
catches and by catch and reduce waste [30]. As many as 90 respondents (84.91%) an-
swered that they still caught the other fish than glass eel such as small shrimp, but the 
glass eel catchers will immediately release them back into the waters, because the fish 
caught did not yet have economic value. Generally, score value of indicators for the 
fishing technique domain was in good status (green flag).  

Social Domain. Social domain indicators showed that the education proportion was 
still lacking (red flag). All of the 106 respondents (100%) were categorized as low-
educated, namely their last education was between elementary and junior high school, 
with a composition of never attending school (16.04%), not graduating from elementary 
school (8.49%), graduating from elementary school (56.60%) and graduating from jun-
ior high school (18.87%). The level of education in Sukabumi Regency in 2022, the 
population aged five years and over who did not/have never attended school was 4.54%, 
dropped out of school 73.28%, the remaining 22.18 were in elementary, junior high, 
high school or equivalent, or college [31].  

The description of the education level of respondents of fishermen/glass eel catchers 
with an average age of 47 years, with the lowest age of 26 years and the highest age of 
64 years, when compared to the conditions in 2022, still requires great effort from the 
Sukabumi district government to improve the education of its population, especially for 
fishermen on the coast of Palabuhanratu. The score value of other indicators for the 
social domain was in yellow status (yellow flag). 

Economy. In regulation of the Ministry of Marine Affairs and Fisheries number 118 of 
2021 concerning the Eel Fisheries Management Plan (Anguilla spp.) [32], it was stated 
that glass eel was one of the fishery resources that has high economic value and was 
the main source of seeds for the enlargement of Eel fish (Anguilla spp.). “The” price of 
glass eel reached IDR 800,000 to IDR 3,600,000 per kilogram. The glass eel commu-
nity in utilizing eels which were processed into more economically valuable [33]. The 
prices of glass eel increased when availability was low [34]. Glass eel fishermen were 
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not permanent fishermen, but rather local people who catch at night and have other jobs 
during the day for the reason of getting extra money [35]. Domain economy results 
from the four indicators, the asset ownership criteria were still lacking (red flag). While 
the other three indicators, namely the proportion of income, the level of consumption 
and the indicator of economic dependence, the flag sign was still not completely yellow 
(yellow flag), this condition illustrated that the economic indicator was greatly influ-
enced by various other factors such as natural factors, regulations, and contributions 
from entrepreneurs and glass eel catchers. As many as 92.28% stated that they get more 
value from catching glass eels, namely > 75% of the RMW in Sukabumi Regency of 
Rp. 3,604,482/month. Meanwhile, the average glass eel catch was only effective for the 
longest of about 7 months per year. Most of their expenses (90%) were used for food 
needs and the rest for non-food needs. 

According to law number 45 of 2009 concerning fisheries, there were three types of 
sources of livelihood for fishermen, the main sideline category, namely fishermen have 
other businesses but still prioritize fishing as their main livelihood, additional sideline 
income, namely side jobs both outside and inside the fisheries sector other than fishing, 
the main income was the income of fishermen from fishing [35]. Income from glass eel 
fishing (40.56%) respondents stated as their main side hustle, as many as (34.91%) 
stated as an additional side hustle, and as many as (24.53%) as their main income. The 
economic indicator domain illustrated that overall, the economic status was at a mod-
erate level (yellow flag) although things related to income optimization and preparation 
for facing factors related to nature must be fixed. The score value of other indicators 
for the economic domain was in yellow status (yellow flag). 

Fish Resources. The glass eel migration season occurs only during specific months 
each year. During the research period, their emergence was still limited, with a total 
catch of 330 kilograms recorded in the Cimandiri Estuary and Rivers by December 
2024 [14]. The abundance increased toward March 2025, reflected by a price decrease 
to approximately IDR 500,000 per kilogram, compared to IDR 1,500,000 in early Jan-
uary 2025. To reach the size of adult eels, glass eels were maintained through the en-
largement business segment (cultivation). The distribution of glass eel stages from the 
estuary was still found up to 5 km from the upstream of Cimandiri River [6]. The peak 
of eel spawning in the Indian Ocean for Anguilla bicolor bicolor occurs in May and 
December, while Anguilla marmorata occurs in October, and Anguilla nebulosa nebu-
losa occurs in May, although spawning occurs throughout the year [36], [37]). Glass 
eels often appear during the second dark moon phase or the 25th of the Hijriah calendar 
[38]. This was because the moon phase affects the migration of glass eels, the moon 
phase was also correlated with the intensity of light and behavior of glass eels where 
glass eels did not migrate during the full moon to avoid predator attacks. 

Data analysis showed that as many as 55.66% of respondents stated that the number 
of glass eel catches from early December 2024 to the end of March 2025 fluctuated, the 
occurrence of flash floods in the Cimandiri River around mid of December 2024, caus-
ing glass eel fishermen to be unable to carry out fishing activities because the water 
overflowed so much that it submerged the land around the river. However, in February 
to March 2025 after the flash flood, the presence of glass eels increased, with this phe-
nomenon they argued that in early 2025, the presence of glass eels was the most in the 
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last ten years. The composite value of the four indicators of this domain described  in a 
moderate level (yellow flag). 

Governance. Fulfillment of elements of good community-based management, the pa-
rameters included the existence of management area boundaries, a system of rules and 
sanctions, utilization rights, a monitoring system and institutional authority [39]. Inte-
gration of multi-sectoral collaboration was needed through the development of effec-
tive joint management by maximizing the role and involvement of the community in 
the planning and implementation of participatory and community-based [39]. The five 
governance domain indicators that support the EAFM assessment were symbolized by 
good status (green flag), meaning that governance in glass eel management in this area 
have been implemented optimally although it still requires improvement in the imple-
mentation strategy of regulations. Secondary data illustrated that eel management in 
Sukabumi has been stated in the Regent's Decree number 1 of 2023 concerning Fisher-
ies Management [40], which was implemented through the formation of an inland fish-
eries management working group in Sukabumi Regency, which was formed to manage 
the waters. This working group was established through the Decree of the Regent of 
Sukabumi number 500.5.1/Kep.424-DISKAN/2024 [41], its task was to be responsible 
for various aspects of inland fisheries management, including the protection, preserva-
tion, and utilization of fish resources, including action plans for the protection, preser-
vation and utilization of endangered fish species including Eel. 

This fisheries management planning was carried out systematically, integrated, di-
rected, comprehensive, transparent, accountable, and guided by the provisions of laws 
and regulations and focuses on improving the welfare of fishermen and preserving fish 
resources. This plan involves various parties, including the government, private sector, 
and the community. Real examples of action plans include socialization and monitoring 
of Eel and native fish data in inland waters, fish processing training for Forikan (Fish-
eries Communication Forum) administrators, improving harbormaster services at the 
Palabuhanratu Archipelago Fisheries Port and other elaborations to support inland fish-
eries management in this region. Sukabumi Regency was a pilot area in inland fisheries 
management, especially eel management.  

Stakeholders. Community empowerment strategies can be carried out through devel-
oping community interest in fish farming, fishing technology, training and improving 
fisheries sector institutions [42]. Stakeholders were any individual, group, or institution 
that has an interest in natural resources and has the potential to be affected by gaining 
or losing something if conditions change or remain the same [43]. The comprehensive 
legal framework in regulating fisheries management, role and involvement of stake-
holders were essential to achieving sustainable and effective fisheries management. As-
sessment of stakeholder participation and collaboration in the order of a region fisheries 
management was very important and requires periodic evaluation to assess the extent 
to which the development achievements of a program have been running optimally.  

All of the stakeholder indicators concluded in good status (green flag), glass eels management in 
this area such as regulatory instruments have been fulfilled, although at the implemen-
tation stage a strategy must still be designed to maintain it. There has been a synergy in 
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determining fisheries management policies among government stakeholders related to 
glass eel management in the Cimandiri Estuary and River, both with NGOs, glass eel 
user groups and other supporting components. However, the capacity of stakeholders 
and the direction of policies that support glass eel management in the future required 
real strategic improvements through comprehensive and measurable collaboration. 

4 Conclusion 

The evaluation results of the Ecosystem Approach to Fisheries Management assessment 
in the Cimandiri Estuary and River revealed that three domains—fishing techniques, 
governance, and stakeholder involvement—were rated as high status, indicated by a 
green flag. In contrast, four domains—resource environment, social factors, economy, 
and fish resources—were rated as moderate status, marked with a yellow flag. Overall, 
the assessment of sustainable management of glass eels in the Cimandiri Estuary and 
River, located in Sukabumi Regency, West Java Province, concluded that the situation 
was good, as indicated by a green flag. Thus, it is essential to develop a strategic plan 
to maintain and improve the conditions and indicators of the existing domains. 

There was no overexploitation of glass eels in this area; however, the high total dis-
solved solids (TDS) levels in the estuary indicated the presence of dangerous contami-
nants affecting the glass eel migration process. These contaminants are a result of an-
thropogenic activities upstream. The connectivity between the social-ecological sys-
tem, economic factors, conservation principles, glass eel governance, and related stake-
holders is reflected in several indicators across seven domains that require further im-
provement. This includes the need for more intensive cooperation among glass eel 
catchers, beneficiary actors, and stakeholders in the region. 
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