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This study aims to assess the sustainability of intensive shrimp aquaculture systems and 

identify structural imbalances across sustainability dimensions. A case study was conducted 

in Lombok, West Nusa Tenggara, Indonesia, using a quantitative–descriptive approach. 

Sustainability was evaluated through a multidimensional framework integrating 

environmental, economic, social, and technological–institutional dimensions. The analysis 

employed Multidimensional Scaling (MDS) using the Rapid Appraisal for Fisheries 

(RAPFISH) approach, complemented by Monte Carlo simulation and leverage analysis to 

ensure model robustness and identify sensitive attributes. The results indicate that the overall 

sustainability status is categorized as moderately sustainable, with an index value of 63.13. 

However, a significant disparity exists across dimensions. The technological–institutional, 

economic, and environmental dimensions show relatively strong performance, while the social 

dimension remains less sustainable with the lowest index score. Monte Carlo results confirm 

the stability of the model, with differences below 5%. Key sensitive attributes include 

mangrove habitat capacity, biosecurity management, community participation, and capacity 

building. The findings highlight that sustainability in intensive aquaculture systems is 

structurally imbalanced, where strong technical and economic performance is not 

accompanied by adequate social inclusion. This study implies the need for integrating 

participatory approaches and strengthening social dimensions to achieve comprehensive 

sustainability.  
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1. INTRODUCTION

Sustainability has become a central paradigm in global 

aquaculture development, driven by increasing demands for 

environmentally responsible production, economic viability, 

and social equity [1]. Intensive shrimp aquaculture, as one of 

the fastest-growing sectors in global food systems, is often 

portrayed as a success story of technological advancement and 

economic productivity [2-4]. However, this narrative 

frequently masks a critical question: can aquaculture systems 

truly be considered sustainable when social dimensions are 

neglected? 

Existing sustainability frameworks emphasize the 

integration of environmental, economic, and social pillars as 

an indivisible foundation of sustainable development. In 

practice, however, aquaculture systems tend to prioritize 

biophysical efficiency and financial performance, often at the 

expense of social inclusivity [5]. Technological intensification 

has enabled higher survival rates (SR), improved feed 

efficiency, and increased profitability, yet these gains do not 

necessarily translate into equitable benefits for surrounding 

communities [6, 7]. This imbalance raises concerns about the 

legitimacy of sustainability claims in intensive aquaculture 

systems. This situation raises the possibility of structural 

breakdown, where the system appears sustainable based on 

aggregate indicators but still harbors significant social 

vulnerabilities. 

Recent global certification schemes, such as the 

Aquaculture Stewardship Council (ASC), explicitly require 

compliance across all sustainability dimensions, with 

particular emphasis on community engagement, labor rights, 

and social accountability [8]. Unlike traditional assessments 

International Journal of Sustainable Development and 
Planning 

Vol. 21, No. 6, June, 2026, pp. 2735-2747 

Journal homepage: http://iieta.org/journals/ijsdp 

2735

https://orcid.org/0000-0003-4180-1325
https://orcid.org/0000-0003-0472-9678
https://orcid.org/0009-0005-3663-5643
https://orcid.org/0009-0009-4931-3511
https://orcid.org/0009-0004-2477-004X
https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.210629&domain=pdf


that allow trade-offs between dimensions, these standards 

adopt a non-compensatory approach, where failure in one 

dimension, especially the social dimension, can invalidate 

overall sustainability status. Consequently, the neglect of 

social aspects is not merely a secondary issue but represents a 

fundamental barrier to achieving globally recognized 

sustainability. 

Despite the growing body of literature on aquaculture 

sustainability, empirical studies that systematically reveal 

structural imbalances across sustainability dimensions remain 

limited. Most assessments [9-11] focus either on 

environmental impacts or economic performance, while the 

social dimension is often underexplored or treated 

superficially [12]. In addition, there remains a lack of robust 

analytical approaches that integrate multidimensional 

evaluation with statistical validation to assess the stability and 

reliability of sustainability outcomes. Previous studies 

employing the RAP-BWAC approach have also demonstrated 

that the social dimension frequently represents the lowest-

scoring component in aquaculture sustainability assessments 

in Indonesia [12]. However, most of these studies have 

continued to position the social dimension merely as a general 

assessment indicator, without explicitly examining how 

aggregate sustainability scores may obscure underlying 

structural social inequalities within large-scale corporate 

intensive aquaculture systems. 

Furthermore, studies linking multidimensional 

sustainability evaluation outcomes with probable ASC-related 

sustainability gaps remain limited, particularly within the 

context of intensive shrimp aquaculture in Indonesia. As a 

result, an analytical gap persists between the achievement of 

aggregate sustainability indices and the social-institutional 

readiness of aquaculture systems to comply with global 

sustainability principles that are inherently non-compensatory. 

From this perspective, strong performance in the economic or 

technological dimensions does not automatically compensate 

for weaknesses in the social dimension. 

To address these gaps, this study employs a 

Multidimensional Scaling (MDS) approach using the Rapid 

Appraisal for Fisheries (RAPFISH) framework, 

complemented by Monte Carlo simulation, to evaluate the 

sustainability status of intensive shrimp aquaculture systems 

across environmental, economic, social, and technological–

institutional dimensions. This approach not only quantifies 

sustainability performance but also identifies sensitive 

attributes that exert the greatest influence on system 

sustainability. More importantly, it allows for the detection of 

structural disparities that are often overlooked in conventional 

assessments. 

The findings of this study reveal a paradoxical condition in 

which strong economic and technological performance coexist 

with significant social failure [12-14]. While environmental 

management and production efficiency demonstrate relatively 

stable performance, the social dimension emerges as a critical 

weakness, characterized by limited community participation, 

inadequate capacity building, and minimal social 

responsibility initiatives [15-17]. This imbalance challenges 

the dominant assumption that improvements in technology 

and profitability inherently lead to holistic sustainability. This 

condition does not directly indicate a failure of ASC 

certification, but indicates the possibility of a relative gap in 

the sustainability criteria related to ASC, especially in the 

aspects of social engagement and participatory governance. 

This study evaluates the sustainability performance of 

intensive shrimp aquaculture operations in Lombok, 

Indonesia, using a multidimensional RAPFISH-MDS 

framework that integrates environmental, economic, social, 

and technological-institutional dimensions. Unlike previous 

studies that primarily emphasised aggregate sustainability 

scores, this study specifically investigates structural 

imbalances across sustainability dimensions and examines 

their potential implications in relation to ASC-related 

sustainability expectations. While earlier Indonesian 

aquaculture studies similarly identified social sustainability as 

a vulnerable dimension, this study contributes by 

contextualising these findings within the setting of corporate-

intensive shrimp farming and linking multidimensional 

sustainability outcomes to internationally recognised 

sustainability governance discourses. 

2. THEORETICAL FRAMEWORK

Sustainability in aquaculture has evolved from a normative 

concept into a multidimensional analytical framework that 

integrates environmental integrity, economic viability, and 

social equity [18, 19]. Recent developments further extend this 

framework by incorporating technological and institutional 

dimensions as enabling factors that shape the effectiveness of 

sustainability implementation. However, a critical theoretical 

debate persists regarding the nature of relationships among 

these dimensions: whether they are substitutable or non-

substitutable [12, 20]. In contemporary sustainability 

discourse, particularly within global certification systems such 

as the ASC, sustainability is increasingly conceptualized as 

non-substitutable, meaning that strong performance in one 

dimension cannot compensate for failure in another [8]. This 

perspective is important in understanding that economic and 

technological success in aquaculture does not necessarily 

reflect holistic sustainability if the social dimension still shows 

structural weaknesses. 

Within this context, the political economy of aquaculture 

provides a critical lens to understand the structural imbalances 

embedded in intensive production systems. While 

technological intensification enhances productivity, 

efficiency, and profitability, it often simultaneously produces 

unintended social consequences, including marginalization of 

local communities, unequal distribution of benefits, and 

limited participation in decision-making processes [21, 22]. 

This phenomenon reflects a broader pattern of growth without 

equity, where economic gains do not necessarily translate into 

social well-being. As a result, social sustainability emerges not 

merely as a complementary dimension but as a critical 

indicator of whether development outcomes are inclusive and 

just. 

The importance of the social dimension is further reinforced 

by the concept of Social License to Operate (SLO) and 

Legitimacy Theory. SLO refers to the level of acceptance or 

approval granted by local communities to industrial activities, 

which is essential for ensuring long-term operational stability 

[23, 24]. From the perspective of Legitimacy Theory, 

organizations are required to align their practices with societal 

norms, values, and expectations. Failure to address social 

concerns, such as inadequate community engagement, weak 

corporate social responsibility (CSR), and lack of capacity 

building, can result in a legitimacy gap that threatens both the 

continuity and credibility of operations [24]. Failure to build 

social legitimacy can create sustainability vulnerabilities, even 
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when the system exhibits relatively high economic and 

technological performance. 

Given the complexity of sustainability as a system of 

interdependent dimensions, robust analytical approaches are 

required to capture its multidimensional nature. The 

application of MDS through the RAPFISH framework 

provides a systematic method to evaluate sustainability across 

multiple dimensions simultaneously, while identifying 

sensitive attributes that exert significant leverage on system 

performance [25, 26]. The integration of Monte Carlo 

simulation further enhances analytical rigor by testing the 

stability and reliability of the results under conditions of 

uncertainty. This methodological approach aligns with 

systems thinking, which views sustainability as a dynamic and 

non-linear interaction among ecological, economic, social, 

and institutional variables. 

Building upon these theoretical foundations (Figure 1), this 

study advances a conceptual proposition that sustainability 

without social inclusion represents a structurally flawed 

condition. In intensive shrimp aquaculture systems, high 

performance in environmental management, economic 

productivity, and technological capacity may create an 

appearance of sustainability; however, the absence of 

meaningful social integration manifested in low community 

participation, limited knowledge transfer, and weak social 

responsibility reveals a condition of pseudo-sustainability. 

Therefore, the social dimension is positioned as a central 

determinant that validates or invalidates sustainability claims. 

This integrated framework provides the basis for analyzing 

sustainability not only as a measurable outcome but also as a 

reflection of structural balance within the system, thereby 

offering a more critical and comprehensive understanding of 

sustainability in aquaculture. 

Figure 1. Theoretical framework 
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3. RESEARCH METHOD 

 
This study employs a quantitative–descriptive approach to 

assess the sustainability of intensive shrimp aquaculture 

systems using a multidimensional framework. A case study 

design is applied to capture the complexity and context-

specific characteristics of aquaculture practices in coastal 

areas. 

 

3.1 Study area and data collection 

 

The research was conducted in PT. Sumber Agromina Jaya, 

Lombok Island, West Nusa Tenggara, Indonesia (Figure 2), 

one of the major aquaculture production centers in the country. 

The province is recognized for its significant contribution to 

national shrimp production and its rapidly expanding 

aquaculture sector, particularly intensive shrimp farming 

systems [27]. Lombok represents a strategic case study due to 

its dual characteristics as both a high-productivity aquaculture 

region and a socially complex coastal system, where fisheries 

and aquaculture serve as primary livelihoods for local 

communities. This makes it an ideal setting to examine the 

interaction between economic performance, technological 

intensification, and social sustainability. 

Data collection involved both primary and secondary 

sources. Primary data were obtained through structured 

interviews, expert judgment, and field observations involving 

key stakeholders, including farm managers, technical staff, 

and local community representatives. Secondary data were 

collected from institutional reports, scientific publications, and 

policy documents related to aquaculture development in the 

region. 

A purposive sampling technique was used to select 

respondents with relevant expertise and experience in shrimp 

aquaculture management [28, 29]. Expert-based scoring was 

employed to evaluate qualitative sustainability attributes that 

are not directly measurable. The expert panel consisted of 12 

specialists, including fisheries and environmental academics 

(4 experts), bureaucrats from the Marine and Fisheries 

Agency/local government institutions (3 experts), top 

management representatives of PT. Sumber Agromina Jaya (3 

experts), and representatives from environmental non-

governmental organizations (NGOs)/certification auditors (2 

experts). This cross-sectoral composition was intentionally 

designed to minimize sectoral bias, thereby ensuring that the 

weighting assessment of MDS attributes remained objective 

and comprehensive. All expert respondents (100%) possessed 

more than 10 years of experience interacting with the 

aquaculture industry or coastal governance systems. This 

provides strong legitimacy that the determination of 

sustainability status was grounded in highly mature and valid 

expert judgment. 

 

 
 

Figure 2. Research location 

 

3.2 Sustainability assessment framework 

 

The sustainability assessment was conducted using the 

RAPFISH framework, which applies MDS to evaluate system 

performance across multiple dimensions. The analysis 

includes four key dimensions: environmental, economic, 

social, technological and institutional (Table 1). Each 

dimension is represented by a set of attributes derived from 

field conditions, sustainability standards, and relevant 

literature. Scoring was conducted using an ordinal scale based 

on expert judgment. 

 

Table 1. Research attributes 

 
No. Dimension Attributes Remarks Source 

1. Ecology 

1. Water Quality 

Management 
Monitoring key parameters: pH, DO, ammonia, nitrite 

[3, 30-

33] 

2. Responsible Land Use 
Compliance with RTRW and no conversion of critical habitats such as 

mangroves 

3. Application of Biosecurity Disease prevention, control, and containment protocols 

2. Economy 

1. Feed Conversion Ratio 

(FCR) 
Biological and economic efficiency of feed use for production efficiency 

2. Survival Rate (SR) Percentage of shrimp that survive until harvest for production efficiency 

3. Business Profitability Investment feasibility analysis: (R/C Ratio) 

3. Social 

1. Community Participantion 
Transparent communication mechanisms and prioritization of local 

workforce 

2. Knowledge and Skill Knowledge and skill of ponds, water quality, diseases, feed 

3. Corporate Social 

Responsibility (CSR) 
Structured contribution programs for local welfare 

4. 
Technology–

Institutional 

1. Group Activity (Waste 

Management) 
Integration of Local Institutions and Waste Management 

2. Infrastructure 
Application of systems such as RAS, Biofloc, or modern intensive ponds. 

Use of IoT sensors, automatic feeders, and real-time data analysis 

3. Business Legality 
Fulfillment of government regulations related to spatial planning, 

environment, and licensing 
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3.3 Scoring protocol and expert 

 

Sustainability attributes were assessed using an ordinal 

scale ranging from 0 to 3, where lower scores represented 

unsustainable conditions and higher scores indicated more 

sustainable conditions. The assessment was conducted using a 

scoring sheet developed based on the RAPFISH literature, 

aquaculture sustainability indicators, and the general 

principles embedded in the ASC standards. To ensure scoring 

consistency, all expert panel members were provided with the 

same assessment guidelines prior to the scoring process. In 

cases where substantial discrepancies occurred among 

evaluators, panel discussions were conducted to achieve a final 

consensus. This approach was applied to minimize subjective 

bias in the evaluation of qualitative attributes. 

In the RAPFISH analysis, the GOOD and BAD reference 

points were used as ordination anchors to represent 

hypothetically the best and worst sustainability conditions, 

respectively. The UP and DOWN settings followed the 

standard RAPFISH procedure to maintain the stability of 

multidimensional ordination and to enable normalization of 

the sustainability index within a 0–100 scale range. The index 

was categorized into four levels: 0–25 (unsustainable), 26–50 

(less sustainable), 51–75 (moderately sustainable), and 76–

100 (highly sustainable) [34-36]. 

 

 
 

Figure 3. Data analysis 
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3.4 Data analysis 

3.4.1 Multidimensional Scaling 

MDS was applied using the RAPFISH approach to quantify 

sustainability performance across multiple dimensions (Figure 

3). This method converts ordinal attribute scores into a 

multidimensional ordination space through an iterative 

optimization process that minimizes the discrepancy between 

observed dissimilarities and fitted distances [37, 38]. 

Technically, MDS seeks to minimize the stress function, 

which represents the goodness-of-fit between the distance 

matrix in the original attribute space and the reduced-

dimensional ordination space [39]. The analysis was 

performed using a two-dimensional ordination to ensure 

interpretability and stability of results. 

Each sustainability dimension (environmental, economic, 

social, and technological–institutional) was analyzed 

separately to generate dimension-specific indices, followed by 

a multidimensional aggregation to obtain the overall 

sustainability index. The resulting index values were 

transformed into a scale of 0–100 using linear interpolation, 

where higher values indicate better sustainability 

performance. The ordination results were further interpreted 

based on relative positioning, where systems located closer to 

the “good” reference point indicate higher sustainability 

status, while those closer to the “bad” reference point reflect 

lower sustainability performance. 

3.4.2 Model validation 

To evaluate the robustness and reliability of the MDS 

model, two key statistical indicators were used: stress value. 

The stress value measures the degree of distortion between the 

original dissimilarity matrix and the ordination results. A 

stress value of less than 0.25 indicates an acceptable fit, while 

values below 0.15 are considered highly reliable in 

representing the multidimensional structure.  

The coefficient of determination (R²) indicates the 

proportion of variance in the data that is explained by the 

model. Values approaching 1 (or 100%) suggest that the 

selected attributes adequately capture the variability of the 

system and that the model has strong explanatory power [40, 

41]. Together, these indicators ensure that the MDS 

configuration accurately represents the underlying data 

structure and that the resulting sustainability indices are 

statistically valid and reliable for interpretation. 

3.4.3 Monte Carlo simulation 

Monte Carlo simulation was conducted to test the stability 

and sensitivity of the MDS results against uncertainties in the 

input data. This procedure involves repeated random 

perturbations of attribute scores within defined ranges to 

simulate potential variations arising from subjective judgment, 

data gaps, or measurement errors. Monte Carlo simulations 

were run for 3 iterations for each sustainability dimension, 

following common practice in the RAPFISH approach. The 

simulation results were then compared with the main MDS 

ordination to evaluate the stability of the sustainability index. 

The simulation generates a distribution of sustainability index 

values, which are then compared with the original MDS 

results. The absolute difference between the two results is used 

as an indicator of model stability. A difference of less than 5% 

is considered acceptable, indicating that the model is robust 

and not significantly affected by random errors or scoring 

inconsistencies [42, 43]. This step is critical in strengthening 

the credibility of the analysis, particularly in expert-based 

assessments where subjectivity may influence scoring 

outcomes.  

3.4.4 Leverage analysis 

Leverage analysis was performed to identify sensitive 

attributes that have the greatest influence on sustainability 

scores. This analysis uses the Root Mean Square (RMS) 

change in ordination when each attribute is systematically 

removed from the model. Attributes with higher RMS values 

indicate stronger leverage, meaning that small changes in these 

attributes can significantly alter the sustainability index [16]. 

Therefore, these attributes are considered critical control 

points within the system and serve as priority targets for 

management intervention and policy formulation. The 

identification of leverage factors allows for a more strategic 

approach to sustainability improvement by focusing on 

attributes that generate the highest impact, rather than 

addressing all variables equally. 

4. RESULTS

4.1 Validity test (R2 and stress value) 

Validity testing is a key step that must be ensured before 

proceeding to the sustainability index. The feasibility of the 

MDS model needs to be tested using two main parameters: the 

stress value and the R2. Furthermore, to test the scoring 

process's error rate, a Monte Carlo analysis is performed 

(Table 2). 

Table 2. Result of validity test 

Sustainability 

Dimension 

Parameters 

R2 (%) Stress Value 

Environment 90.81 0.15 

Economic 93.68 0.15 

Social 93.53 0.15 

Technology and Institutions 93.74 0.15 

Based on the RAPFISH method [40], an analysis model is 

considered accurate and accountable if its stress value is less 

than 0.25 (< 25%) and its R2 is close to 1 or 100%. Based on 

Table 2, all dimensions have a stress value of 0.15 (15%), 

which is far below the maximum threshold of 25%. 

Meanwhile, the R2 value is in the range of 90.81% to 93.74%. 

This means that the attributes used in this model are perfectly 

able to explain 90% to 93% of the variation in the 

sustainability model of PT. Sumber Agromina Jaya's ponds. 

These results indicate that the RAPFISH-MDS approach 

applied to the PT. Sumber Agromina Jaya case study has a 

level of consistency and reliability capable of triggering 

multidimensional thinking at the company level. 

4.2 Monte Carlo test 

Monte Carlo analysis was conducted to evaluate the 

stability of the MDS results against potential errors arising 

from questionnaire input, scoring variability, and missing data. 

The acceptable difference between the RAPFISH score and 

the Monte Carlo simulation is less than 5%. Based on Table 3, 

the differences in sustainability index values across all 

dimensions are very small, ranging from 0.13% to 1.94%. This 

indicates that the expert judgments are highly consistent, the 
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model is robust, and no significant outliers affect the results. 

 

4.3 Sustainability status of shrimp pond management 

dimensions 

 

Sustainability status was evaluated using a composite index 

ranging from 0 to 100 (Figure 4). The sustainability categories 

are classified into four levels: 0–25 (unsustainable), 26–50 

(less sustainable), 51–75 (moderately sustainable), and 76–

100 (highly sustainable). Based on the overall 

(multidimensional) analysis, shrimp pond management at PT. 

Sumber Agromina Jaya Lombok Island achieved an average 

score of 63.13, which falls into the “moderately sustainable” 

category (Figure 5). However, a more detailed examination 

across dimensions reveals a critical structural imbalance. 

Three key operational dimensions demonstrate relatively 

strong performance, with the technological–institutional 

dimension achieving the highest score (69.85), followed by the 

economic dimension (69.76) and the environmental dimension 

(67.64). In contrast, the social dimension shows a sharp 

decline with a score of 45.28, placing it firmly in the “less 

sustainable” category. 

 

Table 3. Result of Monte Carlo test 

 

Dimensions of Sustainability 
Sustainability Index 

Difference (%) Status 
Score RAPFISH Monte Carlo 

Environment 67.64 65.70 1.94 Moderately Sustainable 

Economic 69.76 68.62 1.14 Moderately Sustainable 

Social 45.28 45.15 0.13 Less Sustainable 

Technology and Institutions 69.85 68.80 1.05 Moderately Sustainable 

Average 63.13 Moderately Sustainable 

 

  
(a) Environmental 

 

(b) Economic 

 

  
(c) Social 

 

(d) Technology and institutions 

 

Figure 4. Sustainability index 
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Figure 5. Sustainability status 

 

These findings indicate that the company's operational and 

technological performance is relatively strong, but has not 

been fully accompanied by strengthening social aspects and 

community participation. Therefore, the results of this study 

are not intended as a formal audit of ASC certification 

compliance, but rather as an indication of possible 

sustainability gaps related to ASC, particularly in social 

aspects and participatory institutions. This structural 

imbalance confirms a fundamental principle of Sustainable 

Development Theory, where technological advancement and 

economic profitability have not been adequately integrated 

with social equity and community welfare (pro-poor and pro-

job approaches) for the surrounding coastal communities [44-

46]. 

The weak social dimension suggests a potential gap in ASC 

Principle 3, which emphasizes community engagement and 

respect for human rights. Failure to achieve balance across all 

dimensions represents a fundamental risk that threatens the 

company’s SLO and may become a major barrier to accessing 

global markets that demand traceability and strict social 

compliance [47-49]. To address this gap and ensure alignment 

with ASC certification standards, several strategic actions are 

recommended:  

1) Implementation of Participatory Social Impact 

Assessment (p-SIA): Conduct meaningful and participatory 

social impact assessments involving local communities, 

traditional leaders, and vulnerable groups (ASC Criterion 3.1).  

2) Development of Proactive CSR Programs: Shift CSR 

from short-term charitable activities to structured capacity-

building programs, such as providing basic aquaculture 

training for coastal youth to enhance local employment 

opportunities.  

3) Establishment of a Formal Grievance Mechanism: 

Develop a transparent, accessible, and documented two-way 

communication channel for communities and workers to 

submit complaints, with clear timelines for response and 

conflict resolution.  

4) Alignment with Human Rights Policies: Ensure that 

internal labor policies comply with legal standards, provide 

fair wages, guarantee occupational health and safety, and 

respect the fundamental rights of surrounding communities. 

 

4.4 Sensitive attributes (leverage analysis) 

 

Leverage analysis using the RMS method was conducted to 

identify the most sensitive attributes influencing sustainability 

in each dimension (Table 4). Higher RMS values indicate 

stronger leverage effects, meaning that improvements in these 

attributes can significantly enhance sustainability performance 

and reduce compliance gaps with international certification 

standards. 

 

Table 4. The result of sensitive attributes 

 
Sustainability 

Dimension 
Sensitive Attributes 

Environmental 

Habitat Carrying Capacity 

(Mangroves) (18.38) 

Biosecurity and Disease 

Management (12.55) 

Use of Chemicals/Drugs 

Economic 

Survival Rate (SR) (7.32) 

Feed Efficiency (FCR) (5.93) 

Business Profitability (R/C Ratio) 

(4.94) 

Social 

Community Participation (10.29) 

Knowledge and Skills (8.97) 

Social Responsibility (6.06) 

Technology and 

Institutions 

Group Activity (Waste Management) 

(8.24) 

Infrastructure (6.54) 

Business Legality (4.79) 

 

Environmental Dimension (Index: 67.64 – Moderately 

Sustainable) 

The stability of the environmental dimension at PT. Sumber 

Agromina Jaya is largely determined by the company’s ability 

to mitigate negative externalities; however, significant 

challenges remain in terms of habitat conservation. Based on 

leverage analysis, the most critical and sensitive attribute 

requiring immediate attention is Habitat Carrying 

Capacity/Mangroves (RMS 18.38). Field observations 

indicate that the company has not undertaken any 

conservation, restoration, or buffer zone development in the 

form of mangrove vegetation within the pond area. Within the 

framework of ASC certification, coastal ecosystem protection 

is considered a showstopper criterion (i.e., a critical non-

compliance issue). ASC standards strictly prohibit the 

conversion of natural wetlands after May 1999 and mandate 

the restoration of critical habitats as a fundamental operational 

requirement (Criterion 2.2) [50]. 

The second most sensitive attribute is Biosecurity and 

Disease Management (RMS 12.55). Although farming 

operations are currently functioning well, the existing disease 

management system is considered suboptimal and largely 

reactive. Under ASC Principle 4 (Animal Health and Welfare), 

companies are required to implement a proactive, structured 

Veterinary Health Plan to prevent large-scale losses from 

pathogens and minimize animal stress. On the other hand, a 

highly positive finding is observed in the use of chemicals and 

drugs. Field practices confirm that the company has eliminated 

the use of prohibited chemical substances, particularly 

prophylactic antibiotics. Many countries have also 

implemented strict regulations prohibiting the use of 

prophylactic antibiotics [51, 52]. Although the use of 

prophylactic antibiotics has been widely restricted, alternative 

2742



 

approaches such as probiotics, prebiotics, and other functional 

feed additives have been shown to enhance immune function, 

reduce stress, and prevent disease outbreaks without causing 

the negative impacts associated with chemical residues [53, 

54]. This represents a significant strategic advancement, 

ensuring that shrimp products are free from harmful residues 

and directly complying with one of the strictest requirements 

(zero tolerance) in global food safety standards and ASC 

certification. 

 

Economic Dimension (Index: 69.76 – Moderately Sustainable) 

The economic resilience of PT. Sumber Agromina Jaya’s 

shrimp farming system demonstrates strong performance, 

driven by production efficiency and financial stability. The 

most influential attribute in this dimension is the SR (RMS 

7.32). Empirical evidence shows that the company 

consistently maintains high shrimp SR. This not only ensures 

sufficient harvest volumes to maximize revenue but also 

indirectly indicates that pond water conditions remain suitable 

for sustaining shrimp physiological well-being. This stability 

is further reinforced by Feed Conversion Ratio (FCR) 

efficiency (RMS 5.93), which is reported to be highly optimal 

[55, 56]. Efficient feed management generates a double 

dividend. Economically, it significantly reduces production 

costs, as feed accounts for more than half of total operational 

expenses. Ecologically, a low FCR implies minimal feed 

waste, thereby reducing organic pollution aligned with ASC 

requirements regarding the limitation of the Forage Fish 

Dependency Ratio (FFDR) to minimize nutrient discharge into 

coastal waters. The combination of biological productivity and 

operational efficiency ultimately strengthens the Business 

Profitability (R/C Ratio) (RMS 4.94). The company has 

demonstrated the ability to sustain profitability across multiple 

production cycles, indicating that economies of scale have 

been achieved and that the system is resilient to market 

fluctuations. 

 

Social Dimension (Index: 45.28 – Less Sustainable) 

The social dimension represents the critical bottleneck and 

the most significant challenge to sustainability at PT. Sumber 

Agromina Jaya. The low social index is primarily driven by 

weak Community Participation (RMS 10.29). Field 

observations reveal that local coastal communities are not 

meaningfully involved in operational decision-making 

processes [57]. This exclusion directly contradicts the core 

requirements of ASC Principle 3, which mandates the 

implementation of Participatory Social Impact Assessment (p-

SIA) and inclusive stakeholder engagement mechanisms. 

The social issue becomes more complex when examining 

the Knowledge and Skills attribute (RMS 8.97). A significant 

human resource gap exists, where farm management and 

internal staff possess adequate technical competencies, while 

surrounding coastal communities exhibit low levels of 

education and technical knowledge. This disparity limits the 

company’s ability to prioritize local workforce recruitment 

and often leads to social tensions. Ideally, this gap could be 

addressed through CSR initiatives (RMS 6.06). However, 

current contributions remain reactive and charitable in nature, 

such as temporary support for local health services (e.g., 

Posyandu funding). The absence of structured capacity-

building or community empowerment programs indicates that 

the company has not yet generated meaningful economic 

spillover effects capable of improving the livelihoods of local 

and indigenous communities. 

Technological and Institutional Dimension (Index: 69.85 – 

Moderately Sustainable) 

The company’s primary strength lies in the integration of 

production technology, although improvements are still 

required in institutional governance and administrative 

compliance. This is evident in the Group Activity and Waste 

Management attribute (RMS 8.24). Field findings reveal an 

interesting phenomenon: the low level of social conflict 

related to water pollution is not due to high community 

tolerance, but rather the effectiveness of technological 

adoption. The company operates an adequate wastewater 

treatment system and has designed an outfall that discharges 

directly into the sea without passing through densely 

populated settlements. This technological intervention has 

successfully minimized environmental degradation and 

complies with national effluent standards as well as ASC water 

quality criteria. 

This environmental engineering success is supported by 

strong Infrastructure readiness (RMS 6.54). The company’s 

facilities meet the standards of intensive aquaculture systems, 

including well-designed pond layouts, water reservoirs, wet–

dry separation areas, employee housing, and centralized 

storage facilities. However, this technological advancement 

contrasts with the condition of Business Legality (RMS 4.79). 

Legal documentation, particularly environmental permits such 

as AMDAL or UKL-UPL, remains incomplete and requires 

immediate attention. Within international standards such as 

ASC, legal compliance (Principle 1) forms the foundation of 

sustainability. Without formal legal recognition from relevant 

authorities governing environmental and spatial planning 

aspects, all sustainability achievements may be considered 

illegitimate by third-party auditors [49, 58, 59]. 

 

 

5. DISCUSSION 

 

The findings of this study reveal a fundamental paradox in 

intensive shrimp aquaculture systems of PT. Sumber 

Agromina Jaya, Lombok: strong performance in 

environmental, economic, and technological dimensions 

coexists with significant social failure. This condition 

challenges the dominant assumption in sustainability 

discourse that improvements in efficiency and productivity 

inherently lead to holistic sustainability outcomes. From a 

systems perspective, the results confirm that sustainability in 

aquaculture is inherently non-substitutable, as emphasized by 

standards such as the ASC. The relatively high scores in the 

economic (69.76) and technological–institutional (69.85) 

dimensions demonstrate that the system has achieved 

operational efficiency and technological maturity. These 

findings are consistent with the modernization theory of 

aquaculture, where intensification enhances productivity 

through improved feed management, disease control, and 

infrastructure development [7, 45]. 

However, the significantly lower score in the social 

dimension (45.28) indicates a structural imbalance that 

undermines the overall sustainability of the system. This 

imbalance reflects a classic case of “growth without 

inclusion”, where economic gains are not equitably distributed 

among stakeholders, particularly local coastal communities. 

From a social sustainability perspective, weak community 

participation, limited stakeholder dialogue hinder public 

service to operations industry, which can increase the potential 

for social conflict and reduce a company's SLO [60-62]. 
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Addressing these challenges requires participatory 

governance, a robust grievance system, and an integrated 

management approach to ensure social viability and long-term 

sustainability [62, 63]. 

This condition has critical implications when analyzed 

through the lens of SLO and Legitimacy Theory. The lack of 

social engagement and inclusivity may lead to a legitimacy 

deficit, which can threaten long-term operational stability 

despite strong economic performance [24]. In other words, the 

sustainability of the system is not only determined by technical 

efficiency but also by its ability to gain and maintain social 

acceptance. 

In the technological and institutional dimensions, the most 

sensitive attributes include regulatory compliance, 

management digitalization, and local institutional integration. 

These results indicate that modernization of production 

technology has not been fully accompanied by strengthening 

institutional governance. This study found that the use of 

intensive production technologies such as automatic feeders, 

water quality sensors, and digital monitoring systems does 

increase operational efficiency, but has not automatically 

strengthened social participation mechanisms, institutional 

transparency, or integration with local institutions. This 

situation highlights a gap between technological 

improvements and institutional strengthening in intensive 

shrimp farming systems. 

The leverage analysis further strengthens this argument by 

identifying key sensitive attributes that drive sustainability 

performance. In the environmental dimension, the absence of 

mangrove conservation represents a critical vulnerability, 

particularly given its status as a “showstopper” criterion in 

ASC certification. Similarly, in the social dimension, 

community participation and capacity building emerge as 

dominant leverage factors, indicating that improvements in 

these areas could significantly enhance overall sustainability. 

Another important insight is that technological advancement 

appears to partially mask underlying social issues. The 

effective use of wastewater treatment systems and 

infrastructure has minimized environmental conflict, but this 

does not necessarily reflect genuine social acceptance. Instead, 

it suggests that technological solutions may temporarily 

suppress visible conflicts without addressing their root causes. 

The results of this multidimensional assessment provide 

evidence of potential sustainability gaps related to the ASC, 

particularly in the areas of social participation, social 

responsibility, and institutional governance, which are 

conceptually linked to the ASC principles of social 

responsibility and aquaculture business governance. 

Therefore, this study can be used as an initial sustainability 

readiness assessment rather than a formal certification 

compliance evaluation. 

 

 

6. CONCLUSIONS 

 

This study assessed the sustainability of intensive shrimp 

aquaculture using a multidimensional approach integrating 

environmental, economic, social, and technological–

institutional dimensions. The results indicate that the overall 

system falls within the moderately sustainable category, with 

an index value of 63.13. However, this aggregate performance 

conceals a critical structural imbalance among dimensions. 

The key finding of this study is the identification of the social 

dimension as the primary constraint to sustainability, with a 

significantly lower score compared to other dimensions. This 

confirms that sustainability cannot be achieved through 

technological advancement and economic efficiency alone, 

but requires meaningful integration of social inclusion, 

community participation, and equitable benefit distribution. 

From a theoretical perspective, this study reinforces the 

concept of non-substitutable sustainability, where failure in 

one dimension, particularly the social dimension, cannot be 

compensated for by strengths in others. Practically, the 

findings highlight the urgency of addressing social gaps 

through participatory approaches, capacity-building programs, 

and institutional reforms aligned with global standards such as 

ASC. This study also demonstrates the effectiveness of 

combining RAPFISH-MDS, Monte Carlo simulation, and 

leverage analysis as a robust methodological framework for 

sustainability assessment. This study provides empirical 

evidence of probable ASC-related sustainability gaps, 

particularly in relation to community participation, social 

mechanisms, and the strengthening of coastal community 

capacity. Accordingly, the main contribution of this study lies 

in positioning the RAPFISH-MDS evaluation not merely as a 

sustainability index assessment tool, but also as an instrument 

for identifying social vulnerabilities that may affect corporate 

sustainability readiness within the context of international 

standards. However, this study has several limitations. The 

reliance on expert-based scoring may introduce subjectivity, 

although this was mitigated through Monte Carlo validation. 

Additionally, the case study approach limits the 

generalizability of the findings to other regions with different 

socio-ecological contexts. Future research should expand the 

scope by incorporating comparative studies across multiple 

regions, integrating longitudinal data, and exploring 

participatory evaluation methods that directly involve local 

communities in sustainability assessment processes. 
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