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Abstract. Through the Minister of Maritime Affairs and Fisheries Decree (Kepmen KP) 
01/2021, the Indonesian Government has granted full protection status for three freshwater 
stingray species found in the Musi River, Palembang City, South Sumatra. However, 
enforcement of regulations related to the full protection of these three species remains 
suboptimal. Therefore, the active involvement of stakeholders and implementation of practical 
conservation strategies are essential. This research aims to identify the interactions among 
stakeholders involved in managing freshwater stingrays and to develop priority conservation 
programs for these species in the Musi River, Palembang City, South Sumatra. The findings 
emphasize the key stakeholders in management of freshwater stingrays, including the 
Palembang City Fisheries Office, Fisheries Extension Officers in Palembang City, under the 
Research Institute for Fisheries Research and Fisheries Extension Palembang institution 
(BRPPUPP), Fishery Resources Surveillance and Monitoring (PSDKP) Batam Palembang Work 
Area, Coastal and Marine Resources Management Agency (BPSPL) Padang Palembang Work 
Area, and fishermen. The proposed priority conservation programs for freshwater stingrays 
include public awareness campaigns to promote the importance of full protection for these 
species, research on the biological characteristics and habitats of freshwater stingrays, and 
enhanced surveillance achieving through intensive monitoring by Community Surveillance 
Groups (Pokmaswas) and by increasing the number of personnel and fisheries surveillance 
fleets. Collaborative program development among stakeholders is critical to ensure the success 
of the freshwater stingray conservation initiatives in the Musi River. 

 
Keywords: Analytic Hierarchy Process (AHP); illegal trading; MACTOR; species conservation; 
protected species 

 
1. Introduction  

Indonesia is a maritime country with the richest marine biodiversity in the world, hosting 
20% of the world's 1,250 species diversity of elasmobranchs, or cartilaginous fish, such as sharks 
and rays (Jaya et al., 2022; Prasetyo et al., 2021; Dulvy et al., 2017). Specifically, Indonesian waters 
are home to at least 100 species of rays with high economic value (Fadhilah et al., 2019; Wijayanti 
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et al., 2018). In addition to inhabiting marine waters, coasts, or estuaries, rays can also live in 
freshwater environments, such as rivers (Dulvy et al., 2017; Kinakesti & Wahyudewantoro, 2017). 

Freshwater ray species in Indonesian rivers are generally classified within the Dasyatidae 
family, commonly known as longtail rays or stingrays (Kinakesti & Wahyudewantoro, 2017). For 
example, species such as Himantura sp. and Taeniura lymma have been recorded in the estuary of 
the Cibarangiang River, Pandeglang, Banten Province, Fluvitrygon sp. 'Musi I' and 'Musi II' are 
found in the Musi River, Palembang, South Sumatra Province (Muhammad et al., 2018; Kinakesti 
& Wahyudewantoro, 2017)).  

Additionally, there are protected freshwater ray species, such as the leopard river ray 
(Fluvitrygon oxyrhynchus), the white-edged river ray (Fluvitrygon signifier), and the giant river ray 
(Urogymnus polylepis), all found in the Musi River, South Sumatra. Another notable species is the 
kai stingaree (Urolophus kaianus), which is endemic to the coastal areas of the Kei Islands, Maluku 
(KKP, 2021). 

The Indonesian government has issued regulations for the fully protection of three 
freshwater ray species through the Ministerial Decree (Kepmen) of Marine Affairs and Fisheries 
No. 1/2021. However, these regulations have not yet been effective in controlling captures by 
small-scale fisherman. Field observations in the Musi River area, Palembang City, South Sumatra, 
reveal that the three protected freshwater ray species, categorized as "endangered" and listed 
under Appendix II for trade, are still being freely traded in traditional markets or online through 
marketplaces. In addition to Palembang, Ilham and Marasabessy (2021) reported that three 
critically endangered ray species, also with Appendix II of Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) trading status, are still being traded by small-
scale fishermen in Sorong City, West Papua Province. 

Efforts to enforce protecting freshwater rays, such as public awareness campaigns, 
supervision, and the development of conservation strategies, require strong support from 
stakeholders in freshwater ray management. Active participation from various stakeholders is 
crucial for the sustainable management of freshwater ray resources (Karadeniz N. & Yenilmez 
Arpa, 2022). This is because stakeholder interactions are essential in generating modern small-
scale fisheries management solutions that are socially acceptable (Baiju et al., 2022). 

Although previous researchers have developed biodiversity conservation strategies, specific 
conservation strategies for freshwater rays in the Musi River have not yet been formulated and 
implemented in Indonesia. Furthermore, research on stakeholders and conservation strategies for 
freshwater rays in the Musi River is remains limited. According to pre-survey interviews with 
representatives of the Palembang City Fisheries Service, the lack of data and research on 
freshwater rays presents a significant challenge to managing these species sustainably. 

The sustainability of freshwater rays in the Musi River is closely tied to stakeholder 
interactions and the implementation of effective conservation strategies. Identifying the 
stakeholders involved in freshwater ray management is crucial, as they play a key role in 
determining the success of sustainability efforts. Additionally, data on priority conservation 
programs for freshwater ray is essential for the government to formulate sustainable 
management strategies. 

The general objective of this research is to develop sustainable conservation strategies for 
freshwater rays. This objective can be achieved by addressing two specific objectives: identifying 
stakeholder interactions in the management of freshwater rays in the Musi River, Palembang City, 
South Sumatra, and formulating priority conservation programs for freshwater rays in the Musi 
River, Palembang City, South Sumatra. 

2. Material and method  

The study's first objective was achieved by collecting primary data on stakeholders involved 
in managing freshwater rays and analyzing their levels of influence through in-depth interviews. 
The second objective was addressed through focus group discussions (FGDs) and surveys using 



SUSTINERE: Journal of Environment & Sustainability, Vol. 8 Number 3 (2024), 333-345                                    335  

questionnaires to obtain primary on priority conservation programs for freshwater rays. 
Secondary data from books, accredited scientific articles, the Central Statistics Bureau (BPS), and 
other relevant and credible databases were also utilized to design the study and support findings. 
Stakeholders were selected using the expert sampling method, with the population grouped into 
three sample categories based on their expertise in the study’s areas: government, academia, and 
practitioners in conservation or environmental fields. 

2.1. Matrix of alliance, conflicts, tactics objective, and recommendations 

In identifying stakeholder interactions in the management of freshwater rays in the Musi 
River, Palembang, South Sumatra, the study employed the Matrix of Alliance, Conflicts, Tactics 
Objective, and Recommendations (MACTOR) method, supported by MACTOR version 5.3.0. The 
MACTOR method aids in identifying similarities and differences among stakeholders in achieving 
shared objectives. Mapping stakeholder positions in natural resource management contexts is 
particularly challenging due to the involvement of numerous institutions with varying interests, 
necessitating a quantification process to illustrate the stakeholder relationships. The MACTOR 
analysis begins with the identification of stakeholders involved in achieving the desired objective 
- in this case, sustainable freshwater ray conservation. In the second step, the influence or strength 
of one actor (A) in influencing another actor (B), is assessed and represented by scores ranging 
from 0 to 4. Once the influence scores of each stakeholder are obtained, the third step involves 
analyzing these scores using mathematical algorithms to construct a Matrix of Direct Influence or 
MDI matrices. 

After obtaining the results, the final step in the MACTOR analysis is to determine the level of 
influence and interdependence among stakeholders. These findings can be presented in a matrix 
containing four quadrants of stakeholder positions as outlined by Godet (1991) (see Figure 1 and 
Table 2). 

Table 1. Scores of influence levels among stakeholders (Fauzi, 2019)  

Score Level of influence Description 

0 No influence Actor (A) does not influence other actors (B) 

1 Operational procedures Actor (A) influences the operational procedures of other actors (B) 

2 Projects Actor (A) influences the projects of other actors (B) 

3 Missions Actor (A) influences the missions of other actors (B) 

4 Existences Actor (A) influences the existence of other actors (B) 
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Figure 1. Matrix of interaction among stakeholders (Godet, 1991) 
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Table 2. Explanation of matrix of interactions among stakeholders (Godet, 1991) 

Score Level of Influence Description 

I Influence actors 
1. Strong influence and low dependency 
2. Actors capable of shaking depending on actors 

II Relay actors 
1. Strong influence but high dependency 
2. Crucial actors as key players 

III Depending actors 
1. Weak influence and high dependency 
2. Actors influenced by influence actors and relay actors 

IV Autonomous actors 
1. Weak influence and low dependency 
2. Actors unable to influence or be influenced by other actors 

 

Table 3. The scale of importance levels among elements (Falatehan, 2016) 

Scale Importance Level Description 

1 Equal importance Element (A) is equally essential as element (B) 

3 Moderate importance Element (A) is slightly more critical than element (B) 

5 Strong importance Element (A) is equally essential as element (B) 

7 Very strong importance Element (A) is highly important compared to element (B) 

9 Extreme importance Element (A) is significantly more important than element (B) 

 

2.2. Analytical Hierarchy Process 

This research employs the Analytical Hierarchy Process (AHP) supported by SuperDecisions 
version 2.10.0 to formulate priority conservation programs for freshwater rays in the Musi River, 
Palembang, South Sumatra. The AHP method is a decision-making approach that incorporates 
multiple criteria, making it suitable for multi-criteria decision-making (Falatehan, 2016). 
Establishing priority programs in the natural resource management is particularly challenging 
due to the involvement of numerous institutions with diverse interests, necessitating a systematic 
quantification process to determine these priorities (Saaty, 1990). 

The initial step in conducting an AHP analysis is to hierarchically structure the elements 
required to achieve the desired objective - in this case, sustainable freshwater ray conservation 
(Falatehan, 2016). The second step involves assessing the relative importance of one element (A) 
compared to another (B), using a scale of 1–9 (Saaty, 1990) (see Table 3). Once the importance 
scales for each element are determined, the third step entails analyzing these scales using 
mathematical vectors in the form of the Matrix of Pairwise Comparison (MPC) (Falatehan, 2016). 

After completing the analysis, the final step in the AHP process is to identify the most 
important programs that require prioritization. These findings can be presented in a table 
summarizing the elements and their assessment results (Saaty, 1990). 

3. Result  

3.1. Interactions among stakeholders in freshwater ray management in the Musi River 

Data on stakeholders involved in the management of freshwater rays in the Musi River, 
Palembang, South Sumatra, were gathered through literature studies, expert recommendations, 
and pre-survey focus group discussions (FGDs). The pre-survey FGDs were conducted with local 
government institutions including the Palembang City Fisheries Service, Research Institute for 
Fisheries Research and Fisheries Extension (BRPPUPP) Palembang, Fishery Resources 
Surveillance and Monitoring (PSDKP) Batam Palembang working area, and Coastal and Marine 
Resources Management Agency (BPSPL) Padang Palembang working area. These discussions with 
the four stakeholders provided recommendations for identifying additional stakeholders, as 
outlined in Table 4.  
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Interactions among stakeholders in freshwater ray management are represented indicated 
by scores in the Matrix of Direct Influence (MDI), which reflects the influence and dependence 
among stakeholders. The scoring process was not based on questionnaire responses but on verbal 
discussions with stakeholders. Therefore, research bias may arise in translating the outcomes of 
these narrative discussions into scores for MDI input. The scores indicating interactions among 
stakeholders use a scale of 0–4 (see Figure 2), as follows: no influence (score 0); operating 
procedures (score 1); projects (score 2); missions (score 3); and existences (score 4) (Fauzi, 
2019). 

For instance, the interaction between fishermen (Nlyn) and village intermediary traders 
(Lrng) has a score of 4 (existences), indicating that the existence or presence of village 
intermediary traders is influenced by fishermen. Village intermediary traders are stakeholders 
who purchase fish supplies from fishermen to resell to consumers. Thus, fishermen influence the 
presence of village intermediary traders. Another example is the interaction between researchers 
and academics (Research) with fishermen (Nlyn), which shows a score of 1 (operating 
procedures), meaning that researchers and academics influence the operational procedures of 
fishermen. Researchers and academics are stakeholders involved in research and education in 
 

Table 4. Stakeholders in freshwater ray management in the Musi River 

Code Stakeholders Symbol 

A1 Fishermen Nlyn 

A2 Village intermediaries’ traders (Lorong) Lrng 

A3 Distributor Dstr 

A4 Palembang City Fisheries Service Dskn 

A5 Research Institute for Fisheries Research and Fisheries Extension (BRPPUPP) 
Palembang 

Pnylh 

A6 Fishery Resources Surveillance and Monitoring (PSDKP) Batam 
Palembang Working Area 

Psdkp 

A7 Coastal and Marine Resources Management Agency (BPSPL) Padang 
Palembang Working Area 

Bpspl 

A8 Directorate of Conservation and Marine Biodiversity, Ministry of Maritime Affairs 
and Fisheries (Directorate of KKHL KKP) 

Kkhl_kkp 

A9 Academics/researchers Riset 

A10 Conservation Non-Government Officials (NGOs) Ngo 

A11 Media in Environmental Investigation Media 

  

 Figure 2. Results of scores on the level of influence among stakeholders 
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fisheries, so their findings will affect the operational procedures fishermen use to catch fish. The 
analysis results, showing each actor's interaction, are summarized in Table 5. 

3.2. Program prioritization for freshwater ray conservation in Musi River 
The prioritization program for conserving freshwater rays consists of three strategic 

alternatives: protection of freshwater rays, conservation of freshwater rays, and enforcement of 
regulations related to freshwater rays, along with 11 programs (see Table 6). These three strategic 
alternatives have undergone two revisions and adjustments from initially drafted strategies 
before field observations and surveys were conducted. The first modification was based on pre-
survey FGDs with local government institutions: Department of Fisheries of Palembang City; 
BRPPUPP Palembang; PSDKP Batam working area Palembang; and BPSPL Padang working area 
Palembang. Subsequent changes were made based on FGD results with 12 freshwater ray 
managers of three groups: government, academia, and environmental practitioners (see Table 4). 

Once the structural hierarchy model was developed, pairwise comparison assessment 
matrices were prepared based on stakeholders' responses to the freshwater ray conservation 
priority program questionnaire. The questionnaire was distributed online to 12 stakeholders 
from March 29 to April 19, 2023. Eight stakeholders completed the assessment of the freshwater 
ray conservation priority program, including five from the government sector (Fisheries 
Extension Officer of Palembang City, BRPPUPP Palembang, PSDKP Batam working area 
Palembang, BPSPL Padang working area Palembang, and Directorate of KKHL KKP, two from the 
academic sector (IPB and Sriwijaya University), and one environmental investigative media 
practitioner. The stakeholders' assessments of the freshwater ray conservation priority program 
were structured into pairwise comparison assessment matrices, as shown in Appendix 1. The 
values used as input for the pairwise comparison matrix are the geometric mean values derived 
from all stakeholder assessments. 

In general, the priority programs to support freshwater stingray conservation that should be 
implemented first are outlined in Table 6. To achieve the benefits of sustainable fisheries 
conservation and utilization, the priority should be placed on ceasing excessive, illegal, and 
harmful fishing activities with an enforcement strategy related to freshwater stingrays being the 
most critical. To accomplish this, the prioritized conservation programs include community 
outreach regarding the full protection of freshwater stingrays, research on their biological 
characteristics and habitats, intensive monitoring through the role of Fisheries Community 
Monitoring Groups (Pokmaswas), and increasing the number of personnel and fisheries 
surveillance fleets. Implementing priority programs for freshwater stingray conservation requires 
collaboration from various stakeholders. 

In implementing community outreach programs for the full protection of freshwater 
stingrays, the role of government agencies such as the Palembang City Fisheries Service, Fisheries 
Extension Officers of Palembang City under BRPPUPP Palembang, and BPSPL Padang in the 
Palembang work area is essential for program success. However, academics can also contribute 
by implementing these programs through community service activities or collaborating with local 
community members through Pokmaswas. The involvement of researchers and scholars is crucial 
for conducting research on the biological characteristics and habitat of freshwater stingrays. 
Additionally, PSDKP Batam in the Palembang work area and Fisheries Extension Officers of Palem- 

Table 5. Results of analysis on interactions among freshwater ray managers stakeholders 

Quadrant Stakeholder positions Stakeholders 

I Influence actors Kkhl_KKP; NGO; Riset 

II Key actors Dskn; Pnylh; Psdkp; Bpspl; Nlyn 

III Depending actors Lrng; Dstr 

IV Autonomous actors Media 



SUSTINERE: Journal of Environment & Sustainability, Vol. 8 Number 3 (2024), 333-345                                    339  

 

bang City under BRPPUPP Palembang are expected to provide more intensive guidance to 
Pokmaswas, ensuring that these community groups can fulfill their functions effectively. The 
national government, particularly the Directorate General of Marine and Fisheries Resources 
Supervision (DPSDKP) of the Ministry of Marine Affairs and Fisheries, can assist by adding 
personnel and fisheries surveillance fleets, as the Marine and Fisheries Resources Supervisory 
Unit (Satwas SDKP) operates at the regional level. 

Table 6. Priorities in freshwater stingray conservation in the Musi River 

Level Element 
Analysis 
outcome 

Priority 
choices 

Key actors 

I Benefit 
Preserving and utilizing fisheries resources sustainably 

 
- 

 
- 

 
- 

II Output 
1. Stopping excessive, illegal, and damaging fishing (2A) 
2. Recovering fish stocks adequately in the shortest 

possible time (2B) 

 
0.72 

 
0.28 

 
1 
 

2 

 
- 
 
 
- 

III Strategic Alternatives A 
1. Protection of freshwater rays (3A) 
2. Preservation of freshwater rays (3B) 
3. Enforcement of regulations related to freshwater rays 

(3C) 

 
0.34 
0.23 
0.44 

 
2 
3 
1 

 
- 
 
- 
- 

 Strategic Alternatives B 
1. Protection of freshwater rays (3A) 
2. Preservation of freshwater rays (3B) 
3. Enforcement of regulations related to freshwater rays 

(3C) 

 
0.32 
0.25 
0.42 

 
2 
3 
1 

 
- 
 
- 
- 

IV Program A 
1. Socialization to the community regarding full 

protection of freshwater rays (4A-1) 
2. Release of accidentally caught freshwater rays 

(bycatch) (4A-2) 
3. Establishment of areas and development of freshwater 

ray conservation action plans (4A-3) 

 
0.63 

 
0.12 

 
0.23 

 

 
1 
 

3 
 

2 

 
Fisheries Service, 

Fisheries Extension 
Officers and BPSPL 

 
 

 Program B 
1. Inventory of freshwater ray stocks (4B-1) 
2. Population enhancement through freshwater ray 

aquaculture (4B-2) 
3. Research on biological characteristics and habitat of 

freshwater rays (4B-3) 
4. Genetic data storage of freshwater rays for germplasm 

conservation (4B-4) 

 
0.25 
0.25 

 
0.35 

 
0.15 

 
2 
3 
 

1 
 

4 

 
Academics/ 
researcher 

 Program C 
1. Limited utilization to parties holding Fish Species 

Utilization Permit (SIPJI) (4C-1) 
2. Increase in personnel and fishing surveillance fleet 

(4C-2) 
3. Intensive monitoring through Community Surveillance 

Groups (Pokmaswas) (4C-3) 
4. Imposition of sanctions on parties involved in illegal 

freshwater ray trade (4C-4) 

 
0.16 

 
0.29 

 
0.29 

 
0.27 

 
4 
 

2 
 

1 
 

3 

 
 
 
 
 

DPSDKP KKP RI 
 

PSDKP and 
Fisheries Extension 

Officers 
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4. Discussions  
4.1. Interactions among stakeholders in freshwater ray management in the Musi River 

Based on the analysis results (see Table 5), the Directorate of Conservation and Marine 
Biodiversity, Ministry of Maritime Affairs and Fisheries (Dir. KKHL KKP), environmental NGOs, 
and researchers and academics are stakeholders found in Quadrant I or classified as influence 
actors. These stakeholders have dominant influence and low dependence (Wijayanto et al., 2022). 
The Directorate of Conservation and Marine Biodiversity, Ministry of Maritime Affairs and 
Fisheries is a government institution authorized to plan and formulate national policies related to 
conservation of 20 types of fish through Ministerial Regulation (Permen)-KP Number 1 of 2021 
concerning Protected Fish Species. Environmental NGOs play a crucial role in developing this 
policy, providing recommendations on which fish species (including freshwater rays) need to be 
conserved. This is supported by FGD results, which state that the formulation of policies for the 
full protection of 20 fish species, including freshwater rays, is based on expert judgments from 
environmental NGO activists. Additionally, previous research conducted by researchers and 
academics significantly contributes to the formulation of these policies. Therefore, stakeholders 
in Quadrant I can also be referred to as context setters (Kusumawardhani et al., 2023). 

Stakeholders falling into Quadrant II (Relay actors) include the Palembang City Fisheries 
Service, BRPPUPP Palembang (which acts as Fisheries Extension Officer for Palembang City), 
PSDKP Batam working area Palembang, BPSPL Padang working area Palembang, and fishermen. 
Quadrant II stakeholders can be termed relay actors with high influence and dependence 
(Wijayanto et al., 2022). Fishermen wield substantial influence in managing freshwater rays, as 
they are professionals engaged in fishing activities in the Musi River area. However, other 
stakeholders, such as the Department of Fisheries and Fisheries Extension Officers, also influence 
fishermen. Meanwhile, the Palembang City Fisheries Service holds significant sway in managing 
freshwater rays as a local government authority responsible for fisheries, but it is greatly 
influenced by higher-level institutions such as the Provincial Fisheries Departments and the 
Ministry of Maritime Affairs and Fisheries (KKP). Similarly, BRPPUPP, PSDKP, and BPSPL, tasked 
with extension, supervision, and resource management at the regional level, are heavily 
influenced by higher-level structural institutions like the KKP. Therefore, stakeholders in 
Quadrant II can be considered key players due to their pivotal roles, which, if mismanaged, could 
pose risks to the success of freshwater ray management (Kusumawardhani et al., 2023). 

Quadrant III, depending on the actors, encompasses village intermediaries, traders, and 
ornamental fish distributors. These stakeholders do not wield a dominant influence in freshwater 
ray management, as they lack authority akin to governmental agencies (Wijayanto et al., 2022). 
Stakeholders in this quadrant receive significant influence from Quadrants I and II stakeholders 
and bear the brunt of top-down policies in freshwater ray management. Hence, they can be 
referred to as subjects (Kusumawardhani et al., 2023). 

Based on the results of the analysis, stakeholders in Quadrant IV are environmental 
investigative media. Quadrant IV stakeholders are autonomous actors with low influence and 
dependence (Wijayanto et al., 2022). Environmental investigative media are non-governmental 
institutions that do not influence or have authority in freshwater ray management. They operate 
independently and serve to disseminate issues and research findings related to freshwater rays 
to the public through easily understandable media. Thus, they can be supportive stakeholders in 
freshwater ray conservation. Therefore, stakeholders in Quadrant IV can be referred to as crowds 
(Kusumawardhani et al., 2023). 

4.2. Program prioritization for freshwater ray conservation in Musi River 
Based on the pairwise comparison assessment matrix analysis of outputs to benefits, 

stopping excessive, illegal, and damaging fishing (Output 2A) is identified as a key expected output 
in freshwater ray conservation. The analysis results indicate that the weight of this outputs 
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assessment is higher than that of other outputs, such as recovering fish stocks adequately in the 
shortest possible time (Output 2B, see Figure 3). 

According to FGD results with practitioners, halting freshwater ray fishing through full 
protection regulations is a feasible measure to prevent the extinction of wild freshwater ray 
populations. This is particularly important given the limited research on breeding procedures and 
methods to enhance freshwater ray populations. Academic stakeholders have similarly 
highlighted that freshwater rays are long-lived species with a very lengthy reproductive cycles, 
making rapid restoration of their population challenging. Consequently, halting excessive, illegal, 
and damaging fishing is a priority output in freshwater ray conservation, as it is both cost-
effectiveness (requiring the lowest conservation costs) and enforceability compared to other 
measures (Squires, 2012). 

In the subsequent stage, the analysis of alternative strategies for achieving outputs suggests 
that stopping excessive, illegal, and damaging fishing (2A) is closely associated with prioritizing 
the enforcement of regulations related to freshwater rays (3C) in conservation efforts. This 
conclusion is supported by the assessment score of this strategy, which is the highest compared 
to the other two alternatives: protection of freshwater rays (3A) and preservation of freshwater 
stingrays (3B) (see Figure 4). 

To achieve the output of recovering fish stocks adequately in the shortest possible time (2B), 
the enforcement of regulations related to freshwater rays (3C) is prioritized over other strategies, 
such as the protection of freshwater rays (3A) and preservation of freshwater stingrays (3B) (see 
Figure 5). These findings align with the previous research emphasizing the importance 
enforceability as a key criterion for conservation activities, particularly the effective implement- 
 

 Figure 3. Priority outputs to achieve freshwater ray conservation benefits 

  

Figure 4. Priority alternative strategies to achieve output A 
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ation of conservation programs (Squires, 2012). The enforcement of regulations related to 
freshwater stingrays is the most feasible strategy to implement, as stakeholders at the national 
level have already formulated full protection regulations for these species. 

In the final stage, the analysis of programs aimed at achievement alternative strategies for 
the protection of freshwater rays (3A) highlights socialization of full protection measures to the 
community (4A-1) as a priority in freshwater stingray conservation. This conclusion is supported 
by the assessment score of this program, which has the highest among the three freshwater 
stingray protection programs (see Figure 6). The other programs include the establishment of of 
conservation areas and the development of freshwater ray conservation action plans (4A-3) and 
the release of accidentally caught freshwater rays (bycatch) (4A-2). 

These findings are supported by statements from government and academic representatives, 
who state that establishing conservation zones or drafting a national-level conservation action 
plan involves lengthy processes, complex bureaucratic procedures, and requires a comprehensive 
multidisciplinary scientific foundation. As a result, designating freshwater stingray conservation 
areas is less suitable in terms of cost-effectiveness and enforceability for short-term 
implementation (Squires, 2012). Similarly, releasing captured freshwater stingrays as bycatch 
poses challenges related to enforceability and moral considerations, such as the stigma or 
perceptions regarding surrounding conservation activities (Squires, 2012). According to FGDs 
with practitioners and government officials, these challenges arise because the captured fish, 
including freshwater stingrays caught as bycatch, often serve as vital source of livelihood for 
fishermen's families, coupled with weak supervision of protected fish species in the field. 

The analysis of programs aimed at achievement alternative strategies for the preservation of 
freshwater stingrays (3B) identifies research on the biological characteristics and habitat of 
freshwater rays (4B-3) as a top priority. This program is ranked higher than other programs (see  

Figure 5. Priority alternative strategies to achieve output B 

Figure 6. Priority programs to achieve alternative strategy A 
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Figure 7), such as population enhancement through freshwater ray aquaculture (4B-2), inventory 
of freshwater ray stocks (4B-1), and genetic data storage for germplasm conservation (4B-4). 
Discussions with academics suggest that this program could serve as an initial step for developing 
aquaculture techniques and determining the maximum allowable catch of freshwater stingrays, 
making it a more practical conservation approach than genetic data storage. From an 
enforceability perspective, this program represents a suitable and effective step in advancing 
freshwater stingray conservation efforts (Squires, 2012). 

The program analysis for achieving the alternative strategy of enforcing regulations related 
to freshwater rays (3C) indicates that intensive monitoring through Community Surveillance 
Groups (Pokmaswas) (4C-3) and increasing personnel and the fishing surveillance fleet (4C-2) as 
prioritized programs. These efforts are prioritized over other programs (see Figure 8), such as the 
imposition of sanctions on parties involved in the illegal freshwater ray trade (4C-4) and the 
limited utilization of freshwater ray by SIPJI permit holders (4C-1). These findings align with 
previous conclusions emphasizing the cessation of freshwater stingray fishing and enforcement 
of full protection regulations as priority output and strategies in freshwater stingrays’ 
conservation. Achieving these outputs and strategies can be effectively supported by enhancing 
surveillance through both top-down measures – such as increasing personnel and expanding the 
fisheries surveillance fleet - and bottom-up initiatives like forming Pokmaswas to conduct 

  

 
Figure 7. Priority programs to achieve alternative strategy B 

 

Figure 8. Priority programs to achieve alternative strategy C 
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intensive communities monitoring. Consequently, these two programs are practical enforceable 
step toward achieving the desired strategies and outputs in freshwater stingray conservation 
(Squires, 2012). 

5. Conclusion 
This research identifies key stakeholders involved in freshwater stingray management in the 

Musi River, including the Fisheries Service of Palembang City, Fisheries Extension Officers of 
Palembang City (under the BRPPUPP Palembang institution), PSDKP Batam in the Palembang 
Work Area, BPSPL Padang in the Palembang work area, and local fishermen. The proposed priority 
programs for freshwater stingray conservation include community outreach on the full protection 
of freshwater stingrays, research into their biological characteristics and habitat, and enhanced 
surveillance. Surveillance efforts should incorporate both bottom-up intensives, such as intensive 
monitoring by Fisheries Community Monitoring Groups (Pokmaswas), and top-down measures, 
including increasing personnel and expanding the fisheries surveillance fleet.  

This study's key recommendation is to improve collaboration among stakeholders in 
managing freshwater stingrays. Stakeholders play vital roles in this process, and their lack of 
involvement or cooperation can pose significant risks. Additionally, the proposed conservation 
program for freshwater stingrays in the Musi River should be designed as a collaborative effort, 
enabling stakeholders to establish string linkages and optimize resource utilization to ensure the 
program’s success. 
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