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Abstract. This research aims to evaluate the sustainability of marine fisheries management in Rokan 
Hilir Regency, based on the Code of Conduct for Responsible Fisheries (CCRF). The study took place from 
June to July 2024 in Rokan Hilir Regency. It utilized both primary and secondary data, with analysis 
conducted using the Rapfish method. The study examined various dimensions, including ecological, 
economic, social, institutional, and technological factors. The findings indicate that the sustainability 
status of capture fisheries resources in Rokan Hilir Regency is rated as fairly sustainable, with a score of 
51.57. The ecological dimension received the highest score at 56.39 (fairly sustainable), followed by the 
economic dimension at 54.27 (fairly sustainable), the technological dimension at 51.81 (fairly 
sustainable), the institutional dimension at 50.96 (less sustainable), and the social dimension scored the 
lowest at 47.67 (less sustainable). 
Key Words: fishermen, rapfish method, sustainable, small-scale fisheries. 

 

 

Introduction. Coastal area management aims to improve the welfare of the community, 

especially small scale fisheries. Coastal fisheries play a vital role in supporting the 

livelihoods, food security, nutrition, and overall well-being of coastal communities. They 

are also a crucial aspect of ensuring the sustainability of fisheries resources (Stacey et al 

2021; Adawiyah et al 2021; Warren & Steenbergen 2021; Putra & Rahaju 2022). The 

sustainability of fisheries is a challenge, given that fishery products are a necessity for 

current and future generations, so utilization rates will continue to increase in line with 

local and global consumption needs (Aguw et al 2021). On the other hand, fish stocks are 

renewable (Rinaldo et al 2019; Kristiana et al 2021). Imbalanced and unsustainable 

exploitation of resources can occur when their exploitation exceeds capacity or when 

fishing activities prioritize one aspect to the detriment of others (Hidayah et al 2020). 

Therefore, the sustainability of capture fisheries needs to be assessed comprehensively, 

covering various aspects, including ecological, economic, social, institutional, and 

technological aspects (Pradini & Arief 2022; Gea et al 2023). 

 Rokan Hilir Regency, one of the primary fish-producing regions in Riau Province, is 

home to a diverse array of marine capture fishery resources (Arief et al 2023). The fleet 

and fishing gear currently in use are relatively basic and require modernization to support 

sustainable fishing practices. The amount of production generated is still limited 

according to the fishing area based on the size of the fleet owned (2-3 GT). The total 

production of marine capture fisheries in Rokan Hilir reached 51006 tons in 2023, an 

increase from the previous production of only 51610 tons in 2022 (Department of 

Fisheries Rokan Hilir Regency 2023). The potential of marine capture fisheries resources 

is exploited using various types of fishing gear such as nets, traps, trammel nets, 

longlines, and other types of fishing gear. 
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 The potential of abundant fisheries resources has lead fishermen to continuously 

exploit these resources to meet their livelihood needs (Ferina 2021). The utilization of 

fishery resources should be carried out through regulated fishing practices that prioritize 

sustainability. However, in some cases, fishing activities may occur uncontrollably and 

persistently, often exacerbated by the introduction of excessive fleets and fishing gear. 

This can lead to the overexploitation of both of small and large fish species, posing a 

significant threat to ecosystems and jeopardizing the long-term sustainability of fishery 

resources. If this increase in use is not taken into account, it can have a negative impact 

on existing fish stocks and lead to their unsustainability (Marasabessy et al 2018; 

Bayyinah et al 2021). 

 The sustainability status of capture fisheries management in Rokan Hilir Regency 

underscores the challenges of implementing policies that effectively plan and develop fish 

resource utilization in accordance with sustainable fisheries principles. These principles 

encompass ecological, economic, social, institutional, and technological dimensions, 

which are interconnected and vital for achieving sustainable and environmentally sound 

fisheries development, as outlined in the Code of Conduct for Responsible Fisheries 

(CCRF). 

 The problem-solving approach in this research aims to identify and analyze the 

sustainability status of ecological, economic, social, institutional, and technological 

aspects of marine capture fisheries management in Rokan Hilir Regency. The main 

objective is to address issues related to the sustainability of fish resources and to 

improve the welfare of coastal communities, particularly small-scale fishers. In this case, 

the research aims to understand how the principles of sustainable fisheries can be 

applied to the management of marine capture fisheries in Rokan Hilir District. In addition, 

this research also aims to identify the leverage attributes that influence the management 

of marine capture fisheries in Rokan Hilir Regency, which can then be used as a basis for 

stakeholders to make policy in the waters of Rokan Hilir Regency by multidimensionally 

reviewing for the realization of sustainable fisheries. 
  

Material and Method. The study was conducted from June to July 2024 in Rokan Hilir 

Regency, Indonesia. This research utilizes both primary and secondary data. Primary 

data was collected through direct fieldwork, focusing on the ecological, economic, social, 

institutional, and technological conditions of fisheries resources in Rokan Hilir Regency. 

This data was gathered through interviews with fishermen and various relevant 

stakeholders. Secondary data was sourced from available records in related agencies, 

such as the Department of Fisheries and Bappeda Rokan Hilir, which include fisheries 

production statistics, the number of fishing gear, and fleet information. The study 

involved 90 respondents, all of whom were fishermen operating in the WPP 571 Malacca 

Strait, along with 8 stakeholders, including representatives from the Department of 

Fisheries, fisheries extension workers, academics, and community leaders in Rokan Hilir 

Regency. 
 

Data analysis. The Rapfish software (Rapid Appraisal for Fisheries) employs a 

multidimensional scaling method to assess the sustainability of capture fisheries 

management. This analysis encompasses five dimensions: ecological, economic, social, 

institutional, and technological aspects (Irawan et al 2022). Rapfish is a rapid, 

multidisciplinary, and objective method for assessing the sustainability of fisheries. It 

evaluates various aspects of sustainability through attributes or indicators that align with 

the FAO Code of Conduct for Responsible Fisheries. These attributes are analyzed using 

multidimensional scaling to establish two reference points: good and bad. 

 This research utilizes 39 attributes, including 7 attributes within the ecological 

dimension: the level of fishery exploitation, trends in Catch Per Unit Effort (CPUE), the 

level of collapse, the size of fish caught, immature catch (pre-maturity), discarded 

bycatch, and target species); eight attributes within the economic dimension: 

employment of local labor, access to capital, fishery product marketing, fisher average 

income, income contribution to the district/province's GDP, revenue sources from capture 

fisheries for fishermen, ownership, and level of fisheries subsidies; eight attributes within 

the social dimension: development of the number of fishers, education level of fishers, 
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status and frequency of conflicts, economic empowerment programs for fishers, 

involvement of fishers in decision-making, participation of family members, role of fishers 

in sustainability, and frequency of extension and training; eight attributes within 

institutional dimension: the role of fishermen in policy, socialization of legislation, the 

presence of fishermen groups in fisheries management, availability and role of local 

community leaders, institutional conflicts, the role of formal institutions supporting 

fisheries resource management, illegal fishing, and justice in law; eight attributes within 

technology dimension: fish landing sites, boat size, type of boat engine, use of fishing 

gear, type/nature of fishing gear, environmentally unfriendly fishing, fish handling before 

sale, and technological assistance from the government. 

 The scores are based on field observations, interviews, and questionnaires. Scores 

range from 1 to 4, depending on the circumstances of the study site. Bad scores indicate 

the least favorable conditions for sustainability management, whereas good scores signify 

the most favorable conditions for sustainability management (Erwina et al 2015; Hartati 

et al 2021). The sustainability index scale ranges from 0-100. In this study, four 

categories of sustainability status were defined (Patawari et al 2022): 0-25 

(unsustainable), 26-50 (less sustainable), 51-75 (quite sustainable), and 76-100 

(sustainable). According to Kavanagh (2001), the Rapfish method utilizes Monte Carlo 

analysis, conducted 25 times, to ascertain the error value. Furthermore, leverage 

analysis is performed to identify which attributes within each sustainability dimension are 

the most influential. Leverage analysis was used to identify sensitive attributes that 

influence sustainability. There are three rules for determining the sustainability level of 

attributes: a) the law of extremes, b) the law of the mean (RMS value exceeding the 

average or mean value), and c) the Pareto optimality principle. The method for 

identifying sensitive attributes related to sustainability employs a 75% Pareto analysis by 

aggregating attributes with the highest RMS values (Hutasuhut et al 2024). The stress 

value can measure how close the distance value of two dimensions is to the 

multidimensional distance value. The quality of the analysis is evaluated using two 

metrics: the stress value (denoted as S) and the coefficient of determination (R²). A 

strong analysis is defined by a low stress value (S<0.25) and a high R² value, which 

suggests that the multidimensional scaling model aligns well with the data (Pitcher & 

Preikshot 2001; Kavanagh & Pitcher 2004). Validity testing was performed through Monte 

Carlo analysis, which compared the sustainability index to the Monte Carlo index value. 

This analysis included a series of simulations aimed at evaluating how different 

uncertainties, such as those associated with scoring and the ordination process, affect the 

sustainability status of capture fisheries in the Rokan Hilir Regency. 
 

Results and Discussion 
 

Ecological dimension. The ecological dimension serves as the foundation for the 

utilization of fisheries resources, while also prioritizing environmental conservation to 

prevent environmental harm (Junaidi et al 2022). According to the Rapfish analysis, the 

sustainability index for the ecological dimension of capture fisheries management in 

Rokan Hilir Regency is 56.39, as illustrated in Figure 1. 

 The ecological dimension's sustainability status falls within the quite sustainable 

range, with a score between 51 and 75. Leverage analysis identifies three key sensitive 

attributes influencing this dimension: size of fish caught (RMS=8.51), level of collapse 

(RMS=7.02), and trend in catch per unit effort (RMS=6.29). The identification of these 

sensitive attributes was achieved through a combination of leverage analysis and Pareto 

analysis (Kusbimanto et al 2013).  

 

Economic dimension. The economic dimension aims to optimize capture fisheries that 

can yield economic benefits or be financially sustainable for fishermen. The Rapfish 

analysis indicates that the sustainability index for the economic dimension of capture 

fisheries management in Rokan Hilir Regency is 54.27 (Figure 2). 
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Figure 1. Sustainability index values (a) and leverage analysis in ecological dimension 

(b). 

 

The sustainability status of the economic dimension is classified as quite sustainable, with 

a score ranging from 51 to 75. According to the leverage analysis, the three sensitive 

attributes influencing the economic dimension are the average income of fishermen 

(RMS=9.01), revenue sources from capture fisheries for fishermen (RMS=7.46), and 

ownership (RMS=5.72). These three sensitive attributes need to be evaluated to ensure 

the sustainability of capture fisheries management in Rokan Hilir Regency. The first 

sensitive attribute, the average income of fishermen, is below the regional minimum 

wage in Rokan Hilir, which could impact the sustainability of resources as it may drive 

fishermen to exploit fisheries resources excessively to earn higher income. The second 

sensitive attribute is the income source from fisheries for fishermen in the research 

location, where fishing is the main occupation. The income from capture fisheries plays a 

significant role in the fishermen's economy, leading them to strive for excessive catches. 

The third sensitive attribute is the ownership of fishing gear in the research location, 

which is locally owned. Maintaining local community ownership of fishing gear is 

essential, as a lack of control over ownership may result in heightened resource 

exploitation. 
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Figure 2. Sustainability index values (a) and leverage analysis in economic dimension (b). 

 

Social dimension. According to the Rapfish analysis, the sustainability index for the 

social dimension of capture fisheries management in Rokan Hilir Regency stands at 47.67 

(Figure 3). 

 The sustainability status of the social dimension is categorized as less sustainable, 

with a score ranging from 26 to 50. Leverage analysis identifies three sensitive attributes 

that impact this dimension, including the involvement of fishers in decision-making 

(RMS=6.80), status and frequency of conflicts (RMS=6.07), and education level of fishers 

(RMS=2.89). These three sensitive attributes need to be evaluated to ensure the 

sustainability of capture fisheries management in Rokan Hilir Regency. The first sensitive 

attribute, the involvement of fishers in decision making at the research site, can be 

concluded to be lacking. Fisher involvement is crucial, so that fishers are no longer 

objects, but subjects who have the right to determine a better future for themselves. The 

second sensitive attribute, the status and frequency of conflicts, is a social disturbance 

because fishers feel unsafe in carrying out fishing activities. Prolonged conflicts can lead 

to a decrease in catch and directly result in a decreased income, causing fishers to 

expand their fishing areas and engage in other violations to compensate for the income 

loss due to conflicts. The third sensitive attribute, the education level of fishers, will affect 

the utilization and management patterns of fisheries resources. Low levels of fisher 
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education will impact the sustainability of capture fisheries. This is in line with the 

research by Siswanto & Nugraha (2016), which states that the average education level of 

fisher communities in the coastal areas of Madura is only at the elementary school level. 

 

Institutional dimension. Institutional dimension is related to the rules and regulations 

that form the basis of management and the organization that implements the 

management. The Rapfish analysis indicates that the sustainability index for the 

institutional dimension of capture fisheries management in Rokan Hilir Regency is 50.96, 

as illustrated in Figure 4. 

 The institutional dimension is classified as less sustainable, with a score ranging 

from 26 to 50. Leverage analysis identifies four sensitive attributes affecting this 

dimension: institutional conflicts (RMS=5.51), illegal fishing (RMS=4.08), the role of 

formal institutions in supporting fisheries resource management (RMS=3.32), and the 

socialization of legislation (RMS=2.71). 

 

 
 

Figure 3. (a) Sustainability index values and (b) leverage analysis in social dimension. 

 

These attributes should be assessed to prevent disruptions in the sustainability of capture 

fisheries management in Rokan Hilir Regency. Institutional conflict is the most sensitive 
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attribute. Based on interviews with fishermen, there have been no institutional conflicts 

among fishermen in Rokan Hilir Regency. This needs to be maintained, as conflicts can 

affect the sustainability of capture fisheries management. The second sensitive attribute, 

illegal fishing, is a prohibited activity in the utilization of fisheries resources, constituting 

a violation of the law (Chapsos & Hamilton 2018; Kuemlangan et al 2023). The third 

sensitive attribute is the role of formal institutions in supporting fisheries resource 

management. As per interviews with fishermen, these institutions have not significantly 

contributed to fisheries resource management. Their role is crucial in various aspects 

such as monitoring fishing areas, overseeing regulation implementation, and other 

activities related to fisheries resources. 

 

Technological dimension. The technology dimension is related to efforts to increase 

the efficiency and effectiveness of fishing. According to the Rapfish analysis, the 

sustainability index for the technological dimension of capture fisheries management in 

Rokan Hilir Regency is 51.81 (Figure 5). 

 

 
 

Figure 4. (a) Sustainability index values and (b) leverage analysis in institutional 

dimension. 
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The sustainability status of the technological dimension is categorized as quite 

sustainable (score between 51-75). Based on the leverage analysis results, only one 

sensitive attribute affects the technological dimension, namely the type/nature of fishing 

gear (RMS=5.47). This sensitive attribute needs to be evaluated to ensure that it does 

not disrupt the sustainability of capture fisheries management in Rokan Hilir Regency. In 

the technological dimension, the type or nature of fishing gear has the highest RMS 

value, but this does not have a negative impact on the sustainability of capture fisheries. 

  

 
 

Figure 5. Sustainability index values (a) and leverage analysis in technological dimension 

(b). 

 

The fishing gear used in Rokan Hilir Regency can be divided into two groups based on the 

way it works: static fishing gear and dynamic fishing gear. The primary type of fishing 

gear used in Rokan Hilir Regency is the gill net. The use of gillnet does not pose a risk to 

fishermen, as they are introduced into the water, while the boat is in motion (Lisna et al 

2018; Grimaldo et al 2018). 
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Sustainability status of capture fisheries in a multidimensional approach. Based 

on the partial Rapfish results obtained for each dimension, the sustainability index values 

are as follows: ecological dimension 56.39 (quite sustainable), economic dimension 54.27 

(quite sustainable), social dimension 47.67 (less sustainable), institutional dimension 

50.96 (less sustainable), and technological dimension 51.81 (quite sustainable). The 

sustainability status values derived from the MDS analysis for each dimension are 

illustrated in kite diagrams, offering a clearer overview of the sustainability status across 

various dimensions (Figure 6). 

 

 
 

Figure 6. Kite diagram of capture fisheries in Rokan Hilir Regency. 

 

Based on the weighting results between sustainability dimensions, it was found that the 

level of multidimensional sustainability of the capture fisheries in Rokan Hilir Regency is 

quite sustainable. The position of the kite diagram points indicates the sustainability 

status based on the analyzed dimensions. Values or indexes approaching 100 indicate a 

better sustainability status, and conversely, approaching 0 indicates a worse 

sustainability status (Pitcher & Preikshot 2001). Therefore, this kite diagram can show 

which attributes and dimensions are used for consideration in fisheries management. 

 

Validity test and accuracy test of multidimensional scaling (MDS). The results of 

the MDS sustainability index in relation to the Monte Carlo simulations are shown in Table 

1. 

 

Table 1 

Comparing multidimensional scaling (MDS) and Monte Carlo sustainability index scores 

 

Dimension MDS (%) Monte Carlo (%) Difference (%) 

Ecological 56.39 56.24 0.15 

Economic 54.27 53.56 0.71 

Social 47.67 48.20 0.53 

Institutional 50.96 50.40 0.56 

Technological 51.81 51.75 0.06 

 

Table 1 shows that the sustainability index obtained from each dimension is not very 

different. Fauzi & Anna (2005) states that a difference of less than 5% suggests minimal 

scoring errors for each attribute, limited variation due to differing opinions, stable results 
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from repeated analyses, and the ability to avoid data entry mistakes. Thus, it is known 

that the sustainability analysis of capture fisheries in Rokan Hilir Regency conducted 

using the Rapfish method has a high level of confidence. 

 

Goodness of fit. The fit of the MDS analysis is assessed through the stress value, with a 

score below 0.25 signifying a good model fit (Alder et al 2000). In this research, the 

analysis produced a stress value under 0.25, indicating that the model is dependable and 

appropriate for evaluating the effectiveness of sustainable capture fisheries management 

in Rokan Hilir Regency, as illustrated in Table 2. 

 

Table 2 

Goodness of fit assessment parameter 

 

Dimension Stress R2 

Ecological 0.14 0.94 

Economic 0.14 0.94 

Social 0.14 0.95 

Institutional 0.14 0.95 

Technological 0.14 0.95 

 

The accuracy of the MDS analysis (goodness of fit) based on the Rapfish results yielded a 

coefficient of determination (R2) between 0.94-0.95 or 94-95%, which means that the 

sustainability index estimation model is good and adequate for use (Kavanagh 2001). 

The stress value obtained was 0.14. This determination value approaches 95-100% and 

the stress value is less than 25%, indicating that the MDS analysis model obtained has 

high accuracy in assessing the sustainability index of capture fisheries in Rokan Hilir 

Regency. 

 

Conclusions. The sustainability status of capture fisheries resources in Rokan Hilir 

Regency, with a score of 51.57, is considered fairly sustainable. This suggests that 

current efforts align with the principles outlined in the Code of Conduct for Responsible 

Fisheries (CCRF). CCRF emphasizes the importance of managing fisheries resources 

sustainably in ecological, economic, social, institutional, and technological aspects. The 

ecological dimension, which has the highest score (56.39), reflects good efforts in 

maintaining environmental balance, in line with the CCRF principle of promoting 

conservation and responsible resource utilization. However, the lower scores in the social 

and institutional dimensions indicate the need for improvement in terms of social justice 

and institutional roles, which are also the main focus of CCRF in promoting active 

community participation and fair law enforcement. Therefore, to achieve truly responsible 

and sustainable fisheries management, further efforts are needed to strengthen the 

social and institutional dimensions in accordance with CCRF guidelines. 
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