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Abstract  

 

Mariculture is a profitable industry in Indonesia and other countries in Southeast Asia in 

general. The annual outputs of Indonesia's mariculture have been ranked among the tops 

worldwide. However, unsustainable issues are the main challenges to developing mariculture 

enterprises in Indonesia. This paper describes potential factors for realising sustainable 

mariculture enterprises. It then proposes the potential key factors sought by stakeholders in 

mariculture industries, including those involved in the input, production, and marketing 

stages, as well as experts (academics, researchers, and policymakers). To determine the key 

factors of sustainability, some gradual processes were conducted: (1) self-validation; (2) 

scientific validation; and (3) social validation. A total of 141 respondents (the stakeholders) 

were involved in this study. A principal component analysis was used to identify the critical 

key factors within the scales used. The Matrix of Crossed Impact Multiplications Applied to a 

Classification (MICMAC) was used to map the key factors and their relationships. This paper 

identifies and proposes key factors as references for policy formulation and decision-making 

to improve mariculture management. Further, influence, relationship, and dependence among 

the key factors and societal implications of this study are discussed.  
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Introduction  

 

Sustainable development is one of the nation's concerns. Sustainability is a term used in 

industry operations, including mariculture, and it is a component of the Sustainable 

Development Goals (SDGs) [1]. Mariculture is anticipated to be a new frontier in the 

sustainable economic development of the islands and coastal states [2]. In this study, 

mariculture is defined as one of the aquaculture activities or an aquatic culture activity 

conducted on the sea and known as eco-friendly aquaculture [3, 4]. The sustainability of 

mariculture has currently been threatened by environmental, socio-economic conditions, 

institutional, and cultural aspects [5-7]. A widespread concern about the sustainability of 
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mariculture has come to focus mainly on production methods, economic feasibility, and the 

environment [8].  

Mariculture operations require natural and human resources to generate outputs and 

services; their success must be financially profitable for mariculture producers and have benign 

social and environmental impacts [9]. This statement emphasises that social and environmental 

factors affect the sustainability of mariculture. The social acceptability of mariculture is linked 

to its perceived environmental impacts [10]. Mariculture is deemed to have negative effects 

associated with environmental degradation. Some aspects that must be carried out 

comprehensively in sustainable fishery (including mariculture) development include ecological, 

technological, economic, sociological, and ethical aspects [11]. Aquaculture development 

policies must be designed according to an ecosystem approach, which promotes the integration 

of social, economic, and ecological aspects [12]. Thus, it is recognised that social and 

environmental aspects of mariculture companies play a key role in the sustainable development 

of the organisations, and thus these should be investigated more in depth [13]. 

Sustainability is an issue in fishery development around the world. However, it is 

difficult to analyse, especially due to the multiple relationships among ecological, social, and 

economic aspects [14]. These components needed for sustainable fishery development were 

mandated in the code of conduct for responsible fisheries by the Food and Agriculture 

Organisation (FAO) of the United Nations Conference in October 1995. The FAO promotes 

Blue Growth as a coherent approach for the sustainable, integrated, and socio-economically 

sensitive management of oceans and wetlands, focusing on aquaculture and the social 

protection of coastal communities. The Blue Growth framework promotes sustainable 

aquaculture through an integrated approach involving all stakeholders. Capacity development 

has the potential to strengthen the policy environment, institutional arrangements, and 

collaborative processes that empower fishing and fish-farming communities, civil society 

organisations, and public entities [15]. 

Research on environmental issues and knowledge management is urgently needed to 

develop the mariculture industries to become profitable and sustainable. Mariculture 

development is influenced by natural and physical conditions and inherently economic and 

social conditions in nature [16]. Research has proven that there may be positive effects of 

mariculture or no impact on the economy, such as increased income or job creation [17-19]. To 

ensure sustainable mariculture, it is necessary to identify key factors that contribute to 

sustainable mariculture. There are a small but increasing number of social science studies, 

especially on sustainable mariculture enterprises. However, most of them focus on stakeholder 

perceptions of fish farming management, consumer perceptions, or public perceptions of 

mariculture [20-22]. Developing an overview of the stakeholder perspectives may result in a 

better understanding of the sustainability issues in mariculture enterprises. Stakeholder 

engagement is essential for reaching consensus on effective policy development and 

implementation, and the process requires the sharing and understanding of various stakeholder 

perspectives to minimise conflict and ensure equitable and sustainable outcomes [23, 24]. The 

stakeholder perspectives are likely to differ from each other when looking at the key factors of 

sustainable mariculture enterprises. It is critical to investigate stakeholder views of sustainable 

mariculture since mariculture has the potential to raise the risk of conflict because several 

parties carry out activities in the same area for their own purposes [17, 25].  

Historically, mariculture has been carried out with prior systematic planning or other 

zoning frameworks [26]. However, government policies do not involve multiple stakeholders, 

even though mariculture is held in open access areas prone to potential conflicts due to multiple 

uses of a space. Mariculture friendly to the environment likely gains social acceptance from the 

local community; hence, it is a significant consideration taken by stakeholders for sustainable 

mariculture [24]. Despite vast literature on the issues, farmers developing a sustainable 

mariculture enterprise have drawn no significant conclusions on specific factors from a 
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stakeholder perspective to determine its sustainability. The expanding popularity of stakeholder 

perspective analysis reflects a greater need to discern how stakeholders' characteristics—

individuals, groups, and organisations—influence decision-making processes [25]. This study 

aimed to determine key factors significantly contributing to sustainable mariculture enterprises. 

The results of this study can help governments and mariculture industries develop a sustainable 

mariculture sector. To identify the influence of key factors on its sustainability, previous studies 

[26-29] have predominantly discussed some biological aspects such as the suitability of feed 

nutrition, environmental issues, and management. Little research is conducted to address 

stakeholder perspectives on mariculture status and its management [20, 22, 30]. Considering 

stakeholder views and perspectives is a fundamental precept for developing the mariculture sector 

[31, 32]. This current study fills the gap in the previous study by identifying key factors that 

contribute to sustainable mariculture enterprises. Meanwhile, previous studies were commonly 

explored from a biological perspective [33, 34]. Stakeholder perspectives involved in the 

identification of key factors in sustainable mariculture enterprises were analysed quantitatively 

and qualitatively in this study. 

 

Material and Methods 

 

Study area 

Field surveys were conducted in Lampung Province and Bali Province, Indonesia. 

Lampung Province is central to mariculture in western Indonesia, and Bali Province is one of the 

primary mariculture industries in eastern Indonesia (Fig 1.). 

 

 
 

 Fig. 1. Indonesia map illustrating target areas and distribution of the online survey. (Source: modified from 

https://pngimage.net/peta-indonesia-hijau-png-3/) 

 

 Mariculture in these two locations is almost identical, as both have faced a decline in 

production during the last ten years. In Lampung Province, the highest mariculture (finfish) 

production was 11,484 tonnes in 2011 and 476 tonnes in 2018. Meanwhile, the maximum 

mariculture production in Bali Province was 146,192 tonnes in 2013 and 857 tonnes in 2018 [28]. 

It indicates that problems in the mariculture sector likely occur due to unsustainable practises [35], 

environmental quality, easy access to markets, business capacity, competition or conflict in areas, 

and institutional frameworks [36, 37]. With this background, the two locations chosen were 

explored for their finfish mariculture enterprises. To get a comprehensive picture of stakeholder 



M. FIRDAUS et al.  

 

 

INT J CONSERV SCI 14, 2, 2023: 685-704 688 

perspective in Indonesia, an online survey was also conducted using Google Forms and distributed 

to stakeholders (e.g., fish farmers, fish traders, input providers, and policymakers) in several other 

mariculture centres in Indonesia, such as the island of Sumatra, Kalimantan, Sulawesi, Nusa 

Tenggara, Maluku, and Java (Fig. 1), involving 141 participants. The survey was conducted from 

May to October 2020. 

 The primary data were also collected through in-depth interviews with fish farmers, fish 

traders, and local policymakers in Lampung and Bali Provinces to obtain complete information 

regarding key factors of sustainable mariculture enterprises. Secondary data, such as scientific 

journals or publications, articles, and reports, were also used in this study. Data were analysed 

using a mixed-methods design as per the initial identification of key factors through a literature 

review and stakeholder perspectives. Factor analysis and the MIC-MAC (Cross-Impact Matrix - 

Multiplication Applied to Classification) method were used as well. 

Study design 

This study used primary and secondary data, which were obtained in steps. Primary data 

were obtained from field surveys, online forms, independent interviews, and focus group 

discussions with stakeholders involved with mariculture enterprises. Stakeholders consist of 

four groups: Group 1 that are directly related to the mariculture enterprise, e.g., farmers, fish 

traders, input suppliers (e.g., feed, fingerlings); Group 2 including policymakers at the national 

and local levels, e.g., the Ministry of Marine Affairs and Fisheries, National Development 

Planning Agency, Provincial Marine Affairs and Fisheries Local Office; Group 3 consisting of 

mariculture expert groups, e.g., aquaculture-mariculture organisations, researchers, academics, 

and extension workers; and Group 4 including mariculture supporting groups, e.g., financial 

institutions, fisheries entrepreneurs, and NGOs. In contrast, secondary data were collected 

through a desk study and some related literature. The determination of the key factors in 

sustainable mariculture enterprises is carried out in three stages [38]: (i) self-validation (the 

researchers conducted literature reviews and first stage focus group discussion (FGD); (ii) 

scientific validation (independent expert judgement and statistical analysis); (iii) social 

validation (public webinar participation and second stage FGD). The first FGD was conducted 

face-to-face in Jakarta in February 2020 (before the restriction policy was enacted during the 

coronavirus pandemic), and the second FDG was conducted through Zoom to avoid long-

distance trips in January 2021. Key factors were identified based on several previous studies.  

Identified factors and verification of validity 

The first step is to identify potential key factors in sustainable mariculture. Based on the 

literature reviews, 40 factors were identified to have contributed to sustainable mariculture 

enterprises (Table 1). Furthermore, for easier analysis, the potential key factors from the 

literature reviews were then grouped into five dimensions (economic, social, institutional, 

technological, and ecological) as determined in the first FGD. 

 
Table 1. Potential key factors of sustainable mariculture enterprises in Indonesia 

 

No Dimension Factor  Code References 

1 

Economic dimension 

Investment E1 [39, 37]  

2 Feed price E2 [40, 41]  

3 Fingerlings price E3 [41]  

4 Electricity, fuel, labor cost (operational cost) E4 [42]  

5 Fish price at the farm level E5 [43]  

6 Export demand E6 [42]  

7 Local demand E7 [42]  

8 Fish price at the export market E8 [39, 43]  

9 Fish price at the local level E9 [43]  

10 Marketing cost E10 [39]  

11 

Social dimension 

Poverty at the target areas/social security S1 [39, 44] 

12 Gender S2 [44]  

13 Experience S3 [39, 45]  

14 Conflict due to land use disputes S4 [39, 45] 
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No Dimension Factor  Code References 

15 Labor incentives S5 [46]  

16 

Institutional dimension 

Number of feed sellers I1 [47]  

17 Number of fingerlings producers I2 [47]  

18 Number of middlemen I3 [47]  

19 Financial institutions I4 [48]  

20 Microfinance I5 [49]  

21 Number of mariculture policy  I6 [46, 39]  

22 Number of farmer groups I7 [50]  

23 Contract between farmers and traders I8 [46]  

24 Credit accessibility I9 [48]  

25 Infrastructure accessibility I10 [39]  

26 

Technology 

Feed quality T1 [44, 47]  

27 Fingerlings quality T2 [47]  

28 Equipment quality T3 [51]  

29 Smartphone controlled T4 [52] 

30 Mariculture technique T5 [39, 47]  

31 Structure of facilities T6 [28]  

32 Number of cages T7 [53]  

33 Technology and information availability T8 [51]  

34 

Ecological dimension 

Utilization of marine areas L1 [39]  

35 Mangrove forest degradation L2 [28]  

36 Household waste L3 [54, 43]  

37 Shrimp ponds and industrial waste L4 [54, 43]  

38 Water quality L5 [39, 55] 

39 Climate change L6 [34, 56, 57  

40 Virus and bacteria L7 [58]  

 

Moreover, scientific confirmation of possible key factors was conducted using a validity 

test [59]. Before performing the validity test, each factor was assigned a score. The evaluation 

form was distributed online to 141 participants. Stakeholders explained their viewpoints on how 

these factors impact the sustainability of mariculture enterprises. Each participant assessed 40 

factors with a score range of 1-5. Score 1 indicates the weakest influence, and higher scores 

indicate more robust influences (5=the strongest influence). The validity of the Jamovi 

programme was assessed with the Pearson Bivariate correlation test (with a significance value of 

0.01), and factors are considered valid if the Pearson correlation value is equal to or the same as 

the r table. The analysis results showed that all the potential key factors tested were valid (Table 2). 

 
Table 2. Validity test on potential key factors of sustainable mariculture enterprises in Indonesia 

 

Factors                                                          Sig (Pearson correlation)   r table (0.01) Description 

Investment (E1) 0.734 0.1944 valid 

Feed price (E2) 0.663 0.1944 valid 

Fingerling price (E3) 0.716 0.1944 valid 

Electricity, fuel, labor cost (Operating cost) (E4) 0.663 0.1944 valid 

Fish price at the farm level (E5) 0.768 0.1944 valid 

Export demand (E6) 0.758 0.1944 valid 

Local demand (E7) 0.805 0.1944 valid 

Fish price at the export market (E8) 0.726 0.1944 valid 

Fish price at local level (E9) 0.783 0.1944 valid 

Marketing cost (E10) 0.737 0.1944 valid 

Poverty conditions (S1) 0.678 0.1944 valid 

Gender (S2) 0.521 0.1944 valid 

Experience (S3) 0.718 0.1944 valid 

Conflict due to land use disputes (S4) 0.690 0.1944 valid 

Labor incentives (S5) 0.780 0.1944 valid 

Number of feed sellers (I1) 0.772 0.1944 valid 

Number of fingerlings producers (I2) 0.825 0.1944 valid 

Number of middlemen (I3) 0.791 0.1944 valid 

Financial institutions (I4) 0.707 0.1944 valid 

Microfinance (I5) 0.758 0.1944 valid 
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Factors                                                          Sig (Pearson correlation)   r table (0.01) Description 

Number of mariculture policies (I6) 0.846 0.1944 valid 

Number of farmer groups (I7) 0.793 0.1944 valid 

Contract between farmers and traders (I8) 0.801 0.1944 valid 

Credit accessibility (I9) 0.794 0.1944 valid 

Infrastructure accessibility (I10) 0.844 0.1944 valid 

Feed quality (T1) 0.808 0.1944 valid 

Fingerling quality (T2) 0.856 0.1944 valid 

Equipment quality (T3) 0.802 0.1944 valid 

Smartphone controlled (T4) 0.707 0.1944 valid 

Mariculture technique (T5) 0.837 0.1944 valid 

Structure of facilities (T6) 0.820 0.1944 valid 

Number of cages (T7) 0.820 0.1944 valid 

Technology and information availability (T8) 0.863 0.1944 valid 

Marine utilization area (L1) 0.827 0.1944 valid 

Mangrove forest degradation (L2) 0.730 0.1944 valid 

Household waste (L3) 0.748 0.1944 valid 

Shrimp ponds and industrial waste (L4) 0.788 0.1944 valid 

Water quality (L5) 0.784 0.1944 valid 

Stability of climate condition (L6) 0.814 0.1944 valid 

Virus and bacteria (L7) 0.817 0.1944 valid 

 

Data analysis 

Key factors identified using a hybrid method combined the principal component analysis 

with the prospective analysis approach and MICMAC approaches [60]. This hybrid approach 

combined quantitative and qualitative analyses of the data.  

First, within the scales used, the data were analysed using a principal component analysis 

(PCA) with varimax rotation to find the best solution maximising variances. The PCA analysis 

was conducted using Jamovi software and used to reduce redundant original factors to some 

specific new factors that can represent critical factors of sustainable mariculture enterprises. The 

number of factors was determined by selecting factors with eigenvalues (scores greater than two) 

and factor loading around ±0.5 or above with a p value of < 0.01 (see Ang, 2016). The final sort 

for each factor was then subject to interpretation. 

Second, during interpretation, the most potential "key factors" from the PCA analysis were 

determined and mapped based on their influences and dependent components within a system. To 

conduct this analysis, the Matrix of Crossed Impact Multiplications Applied to a Classification 

(MICMAC) was developed by Godet [60] and was used due to its ability for a sustainable analysis 

in a lot of scenarios [15, 61-63]. The MICMAC has three basic steps: (1) identifying the elements 

(factors); (2) describing the relationship between the variables; and (3) identifying the key 

variables. The first step was carried out by identifying key factors for sustainable mariculture 

enterprises from the first FGD and PCA. The second and third steps were carried out once the data 

was inserted into the MICMAC computer programme developed by Lipsor. The MICMAC 

analysis, which has been widely used in previous research, determines the structural relationships 

of variables and provides a realistic picture of the variables [64].   

Finally, with the MICMAC approach, problems were described, and a set of internal and 

external factors were identified. The relationship between the system factors is determined based 

on the degree of mobility and dependence between the existing factors. These factors are weighted 

according to certain qualifications. If the degree of influence is non-existent, low, medium, or high, 

a range of scales will be 0, 1, 2, and 3 or 0, 1, 3, and 5. In this case, this matrix entry is generally 

qualitative, and thus it is possible to adjust the strength of the relationships (0=non-existent, 

1=weak, 2=medium, 3=strong, P=potential). The qualified results are the important factors that 

contribute to direct and indirect classifications. The analysis of mobility (influence) and 

dependency obtained by positioning the factor predictors in the quadrant may result in power 

variables, autonomous and conflict factors, or output factors according to their degree of influence 

and dependence (relationship).  
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Results and discussion 

 

Identification of key factors of sustainable mariculture 

Key factors of the sustainable mariculture enterprise investigated were selected using the 

PCA analysis according to priority. The basic idea of the selection priority is to identify a 

relatively small number of factors that are likely to be used to represent the relationships among 

sets of many interrelated variables. The PCA was conducted on 40 initial factors for the scales 

with orthogonal rotation (varimax). The Kaiser-Meyer-Olkin measure (KMO = 0.939) determines 

the sampling adequacy for further analysis if it has significant values above 0.9 [98]. This current 

study showed Bartlett's test of sphericity was statistically significant (p < 0.001), supporting the 

factorability of the correlation matrix. The analysis was carried out to obtain eigenvalues for each 

component in the data. Five principal components were retained in the analysis. 

All of the components had eigenvalues of more than one and, in combination, explained 

75.3% of the variance, indicating a high effect on sustainable mariculture enterprises. These 

results reveal the factors affecting sustainable mariculture enterprises (Table 3). This matrix 

contains the loadings of each variable onto each factor. By default, the statistics software displays 

all loadings, although those requested less than 0.5 were suppressed in the outputs, thereby leaving 

blank spaces for many of the loadings. Table 3 shows the factor loadings after rotation for the 

scales. The respective components were then named based on the same component classifications. 

This study is limited to choosing three factors with the highest loading factor values as 

components. The key factors with the three highest loading factor values (red box) for each 

component primarily form each component (Table 3). The five components named include 

Component 1: environmental quality and climate change (EQC); Component 2: international trade 

and marketing costs (ITM); Component 3: financial institutions and access credits (FAC); 

Component 4: operational costs for mariculture (OCM); and Component 5: farmers' 

characteristics and poverty conditions (FCP).   

 
Table 3. Summary of exploratory analysis results of key factors in sustainable mariculture enterprises 

 

Factors EQC ITM FAC OCM FCP 

Investment (E1) 
   

0.536 
 

1Feed price (E2) 
   

0.793 
 

2Fingerlings price (E3) 
   

0.752 
 

3Electricity, labor, fuel-Operational cost 

(E4) 

   
0.702 

 

Fish price at the farm level (E5) 
   

0.511 
 

1Export demand (E6) 
 

0.739 
   

Local demand (E7) 
 

0.503 
   

2Fish price at the export market (E8) 
 

0.701 
   

Fish price at the local level (E9) 
 

0.644 
   

3Marketing cost (E10) 
 

0.666 
   

2Poverty level in the targets area (S1) 
    

0.718 
1Gender (S2) 

    
0.823 

3Experience & skill (S3) 
    

0.537 

Conflict because of land use dispute (S4) 
     

Sharing system and incentives (S5) 
     

Number of feed sellers (I1) 
 

0.503 0.509 
  

Number of fingerlings producers (I2) 
 

0.574 0.546 
  

Number of middlemen (I3) 
  

0.575 
  

1Financial institutions (I4) 
  

0.783 
  

2Microfinance (I5) 
  

0.760 
  

Number of mariculture policies (I6) 
  

0.604 
  

Number of farmer groups (I7) 
  

0.596 
  

Contract between farmers and traders (I8) 
  

0.669 
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Factors EQC ITM FAC OCM FCP 
3Credit accessibility (I9) 

  
0.685 

  

Infrastructure accessibility (I10) 
  

0.625 
  

Feed quality (T1) 
  

0.530 
  

Fingerling quality (T2) 
 

0.519 
   

Equipment quality (T3) 
 

0.660 
   

Smartphone controlled (T4) 
     

Mariculture technique (T5) 0.504 0.545 
   

Structure of facilities (T6) 
 

0.501 
   

Number of cages (T7) 
 

0.535 
   

Technology and information availability (T8) 
 

0.551 
   

Marine utilization area (L1) 0.734 
    

1Mangrove forest degradation (L2) 0.825 
    

Household waste (L3) 0.667 
    

Shrimp ponds and industrial waste (L4) 0.719 
    

2Water quality (L5) 0.767 
    

3Climate Change (L6) 0.744 
    

Virus and bacteria (L7) 0.719 
    

% of Variance 19.01 18.12 17.94 11.67 8.59 

Cumulative % 19.0 37.1 55.1 66.7 75.3 

Note: 1. EQC is environmental quality and climate change; ITM is international trade and marketing costs; FAC is 
financial institutions and access to credit; OCM is the operational cost of mariculture; and FCP is farmers’ 

characteristics and poverty conditions. The superscript number shows the ranking of each principal component.  

  2.        : Top 3 factor with the highest loading value 

 

Component 1 (EQC) includes various factors such as mangrove forest degradation 

(0.825); water quality (0.767); and climate change (0.744). Environmental quality is an 

important factor in mariculture influenced by mangrove forest degradation. Abundant mangrove 

forests have a positive impact on fisheries, especially fish and shrimp [28, 65]. The decline of 

the mangrove forests may cause irreparable harm to the ecosystem. Maintaining mangroves can 

create a stable and healthy coastal environment [66]. However, Indonesia apparently has a very 

high rate of mangrove forest deforestation. In the last three decades, 40% of mangrove forest 

degradation occurred due to logging as well as land conversion for agriculture, shrimp ponds, 

and salt areas [67-69]. The areas of mangroves in Indonesia were 7,758,410ha in 2007 and 

decreased by 43% in 2017 to 3,361,216ha [70]. In particular, the same situation also occurred in 

Lampung and Bali provinces, which are the current research sites. In Lampung Province, there 

were initially around 160,000 ha of mangrove areas, but they were then reduced by 85%, or to 

around 24,000 ha [71]. In Bali Province, mangrove areas were estimated to be 130,868.1ha in 

2015, but more than 50% of areas were damaged [72, 73]. Mangrove deforestation harms 

mariculture enterprises in these two locations, resulting in declining profits. Hence, some 

mariculture enterprises have even experienced losses and closed [19]. Water quality is a 

potential factor limiting the development of the mariculture industry [23]. Poor water quality 

may cause crop failure due to fish mortality. Plankton and fish parasites are two bioindicators 

used to assess water quality [74-76]. In fact, fish parasites are convincing bioindicators to see an 

environmental change in tropical groupers in Indonesia [77]. Climate change in the fishery 

sector has a broad impact on capture fisheries and aquaculture. Climate change possibly affects 

the quantity and quality of mariculture production [56]. It may decrease the potential diversity 

of mariculture species by 10-40% on average; consequently, it impacts the selection of 

cultivable fish species according to location. Based on several studies, climate change has an 

impact on the availability of suitable mariculture areas [78, 79].  

Component 2 (ITM) includes various factors such as export demand (0.739); fish price at 

the export market (0.701); and marketing cost (0.666). Farmers often export fish as their main 

target, either directly or through middlemen, because the export selling price is higher than the 
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local price. At the time of the research, the export price of grouper (live fish) was 11-

28.5USD/kg depending on the species, and the local price was 5.5-10.5USD/kg. Export demand 

is an important factor in grouper cultivation that determines the harvest time. When export 

demand is low and prices are low, farmers tend to delay harvest time until they have export 

demand at higher prices. The buyer determines the formation of grouper prices in the target 

areas. A similar rule was found in research conducted in Southeast Sulawesi, Indonesia, where 

the buyer decided on sale prices influenced by market demand for the commodity [80]. 

Marketing costs are a major concern in a mariculture enterprise, especially in the flow of goods 

(fish) from farmers to buyers, both at the local and export levels. The problem is not only due to 

the high cost of transportation but also to the risk of fish mortality. If the fish on sale dies, then 

farmers will face the risk of financial loss. However, three schemes are applied in the target 

areas to avoid financial losses due to fish mortality during the marketing process; the loss is 

fully covered by either the farmer, buyer, or both parties (farmer and buyer). For local 

marketing, each dead fish will be priced at half the price of the live fish, but for export 

marketing, each dead fish has no value (0 USD) and is a subtraction factor from the total selling 

value.   

Component 3 (FAC) includes various factors such as financial institutions (0.783), 

microfinance (0.760), and credit accessibility (0.685). The existence of financial institutions is 

essential as a source of capital for mariculture enterprises. In general, mariculture facilities 

owned by companies or individuals have a high dependence on financial institutions to meet 

their operational needs. Mariculture entrepreneurs in the target areas had relationships with 

financial institutions to get some loans for mariculture enterprise needs. However, for farmers 

or small-scale mariculture owners who cannot get loans from formal financial institutions 

because they lack collateral, they borrow the cash from local lenders (e.g., savings and loan 

cooperatives or village credit agencies). For farmers in the small-scale category, loans were 

usually used not only for mariculture operations but also for the benefit of daily life as they did 

not make money from the harvest. Microfinance has an important role in rural development 

through financial support to alleviate poverty [81]. In addition, credit accessibility should be 

given more attention because some farmers in the target areas still find it difficult to access 

credit from financial institutions and microfinance. They did not have sufficient knowledge 

about how to access credits. They were often stuck with loans with high interest and easy terms, 

even without collateral. Limited access to finance has remained one of the fundamental 

problems that hamper agricultural production, productivity, and investment in rural 

communities and farm households [82]. 

Component 4 (OCM) includes various factors such as feed price (0.793); fingerling price 

(0.752); and electricity, labour, and fuel costs as operational costs (0.702). Operational cost is 

one of the major factors affecting the profitability of grouper farming. The fingerling price, feed, 

and labour account for 61% and 74% of the total operational costs in grouper mariculture [11]. 

In general, the cost component of feed contributes more than 50% of the total operational costs 

[19]. Variable costs in this study include costs for labour, electricity, fuel, and freshwater. The 

types of feed used in the mariculture grouper consist of fish diets (feed from industries) and 

trash fish. The average feed requirement for one production cycle reached 1,160kg/cage, with 

an average fish weight of 100heads/cage. Trash fish prices fluctuated between IDR 5,000/kg 

and IDR 5,500/kg, and the price of pellets at the time of the study was IDR 20,000/kg. The 

increase in the trash fish price will greatly affect profits because this cost contributes more than 

50%. The fingerling price, feed price, and labour cost are identified as major productional costs, 

and their changes are susceptible to profitability [83]. Other variable costs (electricity, labour, 

fuel, and freshwater) also play a vital role in the mariculture industry, and thus the overall 

operational costs likely impact the sustainability of the mariculture enterprises. 

Component 5 (FCP) consists of various factors such as poverty in the target areas 

(0.718); gender (0.823); and experience (0.537). It has three factors representing the individual 
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characteristics of the business actor: social condition and environmental condition. The poverty 

condition is indicated by the poverty rate indicator (the number of people who fall into the poor 

category). The existence of mariculture facilities in the target areas may have a positive impact 

on the environment because it gives employment opportunities for people involved in the 

business, starting with input needs, processes, and marketing. However, based on the results of 

interviews with several owners, they found that some people stole fish from the cage, and this 

crime might be allegedly caused by poverty. However, there is no scientific analysis or proof of 

this statement, but it might be considered in mariculture management given the fact that several 

studies have found a correlation between poverty and crime [84, 85]. Generally, the 56 people 

involved in mariculture enterprise operations in the target areas consisted of 49 men and seven 

women. From a gender perspective, mariculture enterprises are dominated by men, who have 

more influence on decision-making about their management than women. Male workers had 

better experience and skills in the field of mariculture than women. This study found one female 

owner, one female chief technician, and five female cooks and waitresses for other worker. 

Influence and dependence among key factors and their relationship  

Based on the PCA findings, 15 potential key factors have been selected based on priority 

or loading factor values (the three largest) in each formed component. Furthermore, the 

MICMAC method was used to identify several important factors and analyse the influence and 

dependence between these key factors to realise a sustainable mariculture enterprise. The 

influence and dependence significance is represented in four quadrants: excluded factors (low 

influence and dependence); dependent factors (strong dependence but low influence); relay 

factors (high dependence but low influence); and influencing factors (strong influence but low 

dependence). The basis for such divisions is taken from the matrices’ multiplication pattern [86]. 

Then, the potential key factors were scored based on a consensus valuation approach. Values 

are entered into columns and rows (Table 4) by considering the influence of each factor that 

was discussed and agreed upon by stakeholders in the second FGD. They were then outlined in 

the Matrix of Direct Influence (MDI) by filling in 0, 1, 2, 3, and P. Score 0 describes no direct 

influence; score 1 indicates a weak relationship between variables; score 2 indicates a moderate 

relationship between the variables; score 3 shows a very strong relationship between variables; 

and P is a sign for potential key factors. The MDI results of the influence between the factors 

are presented in Table 4. In Figure 2, 15 factors are grouped into the four quadrants.  

The MDI estimates in Table 4 result from a consensus in the FGD attended by 18 

participants representing various stakeholders involved and having a good awareness of issues 

in the mariculture sector. All the participants agreed to fill out the MDI survey and provide a 

general description of group variables related to the influence and strength of the factors. Figure 

2 shows the relative dependence and influence of key factors; the x-axis is the “dependence” 

measure. The x value of a specific factor shows that the factor is dependent on the other factor. 

The higher the x value, the greater the dependence. The y-axis is the “influence” measure. The 

y value of a specific factor indicates how that factor influences the other factors. The higher the 

y value, the greater the influence. As seen in Figure 2, as many as seven factors from the 

components of EQC (climate change, water quality), ITM (export demand, fish price at the 

export level), FAC (microfinance, credit accessibility), and FCP (experience and skill) are in 

quadrant I, which becomes the category of influencing factors or key drivers. The map shows 

how stakeholders perceive the system and what they consider to be constraints, opportunities, 

and potentialities for change [87]. Key factors for sustainable mariculture enterprises were 

identified based on the four quadrants in the map (influencing, relaying, depending, and 

excluded factors). 



KEY FACTORS OF SUSTAINABLE MARICULTURE ENTERPRISES IN INDONESIA 

 

 

http://www.ijcs.ro 695 

Table 4. Matrices of Direct Influence of Key Factors of Sustainable Mariculture Enterprises 
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3. Climate change 2 3 0 P P P P P 1 1 2 3 1 2 P 

4. Export demand 0 0 0 0 3 2 1 1 0 3 3 2 1 2 0 

5. Fish price at the export 

level 
1 2 0 3 0 3 1 1 1 3 3 3 0 2 1 

6. Marketing cost 0 0 0 3 3 0 0 0 0 3 3 2 0 1 0 

7. Financial institutions 0 0 0 0 0 2 0 2 3 0 0 0 0 2 0 
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9. Credit accessibility 0 0 0 0 0 2 3 3 0 1 1 3 0 3 2 
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11. Fingerling price 0 0 0 0 0 2 0 0 0 1 0 3 0 P 0 

12. Operational cost 0 0 0 1 3 3 1 0 0 3 3 0 0 2 2 
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15. Experience & skills 1 2 0 0 0 0 0 0 3 2 2 2 3 3 0 

 Note: 0 = no influence; 1 = weak; 2 = moderate influence; 3 = strong influence; p = potential influence 

 

 
Fig. 2. MICMAC Analysis: Map of influencing and related key factors 

 

The factors in quadrant I are referred to as driving or independent factors with strong 

influence but weak dependence [88]. Environmental conditions and climate change are external 

factors that are difficult to control for farmers. This result is in line with Brown et al.’s (2020) 

research stating that environmental quality, especially water quality, is a key issue for 

sustainable mariculture [23]. Climate change alters the abiotic properties of the oceans and, 

subsequently, the ecosystem for aquatic organisms [89]. Specifically, warming ocean 

temperatures combined with increased acidification and storm frequency may create new 

opportunities and threats for mariculture industries [57]. For example, changing sea surface 
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temperatures (SST) cause observable effects on the distribution of economically important 

mariculture species (finfish, bivalve). Improved mariculture management becomes the main 

target. Impacts and mitigation of water quality impairment on coastal mariculture sites are 

potentially influenced by stakeholder involvement. Mariculture products in Indonesia, mostly 

targeted for the export market, affect price changes, and export demand indirectly affects 

mariculture operations. When demand and selling prices in the destination country are low, 

farmers tend to postpone harvesting, which increases operating costs. Limited capital is a 

common issue for small-scale (traditional) farming. Financial institutions near mariculture areas 

may provide farmers easy access to credit offers to tackle the financial constraints. In general, 

mariculture cases are often associated with labour, skills, finances, sales, and prices [18, 90]. 

In quadrant II (Figure 2), factors fall into the category of relay factors. These four factors 

include the ITM (marketing cost) component, the OCM (feed price, operational cost), and the 

FCP (poverty condition). These four factors are sensitive and volatile in the system and are 

affected by other variables. For example, in cases that often occur in target areas and Indonesia 

in general, especially in grouper aquaculture that rely on trash fish as the main feed, the 

availability of trash fish is significant for the sustainability of grouper fish farming. When the 

availability of trash fish around the mariculture facilities is low, the farmers will buy trash fish 

from other areas (outside the province) at a higher price. Thus, higher trash fish prices will 

increase production costs and result in inefficiency. In addition, to maintain their economic 

value, fish should be alive when traded in grouper exports. Fish mortality in the marketing 

process is a risk of value loss that the seller must bear. Factors in quadrant 3, such as fingerling 

price, have a low influence and a high reliance. Farmers in this situation typically have their 

own hatchery and supply it to satisfy their farm demands. According to the analysis results in 

Figure 2, current conditions in Lampung and Bali demonstrate fingerling prices did not have a 

substantial influence; nonetheless, producing excellent fingerlings is influenced by several 

factors, including tank colour, feeds, water condition, and brood stock [91-95]. Quadrant 4 is an 

autonomous or omitted element consisting of factors, i.e., gender, financial institutions, and 

mangrove forest deterioration, with a minor influence and dependence on the sustainability of 

mariculture in the target areas. 

The influence or direct dependence between factors affecting the sustainability of 

mariculture can be seen in figure 3. Factors with a much stronger influence on other factors are 

indicated by a thick red line, while a blue line and others indicate a weaker relationship. In the 

EQC components, mangrove forest degradation and climate change had a strong ability to 

influence the water quality factor. Other than that, the feed price in the OCM components had a 

strong ability to influence water quality. In this case, the feed price has something to do with the 

amount of feed (trash fish) the farmers put into the marine cage. The farmers tend to buy more 

trash fish for feed when its price is cheaper. On the other hand, trash fish used as aquafeeds in 

mariculture sometimes induce environmental risk due to decreased water quality [96, 97]. In the 

OCM components, feed price, marketing cost, operational cost, export demand, fingerling price, 

and fish price at the export level likely had a solid ability to influence each other simultaneously 

in the system. It shows that the factors in the tested OCM components had a strong influence on 

the sustainability of mariculture enterprises. Changes in the OCM components will strongly 

influence other factors at the same time. 

Additionally, figure 3 illustrates major relationships between factors in developing 

sustainable mariculture enterprises. The thick lines indicate a greater and stronger influence on 

other factors. In contrast, the more lines that go into a factor, the stronger its influence or 

dependence on other factors. The colour and thickness of the various lines connecting one 

variable to another show the strength of the influence. The red line represents the strongest 

influence, while the grey dotted line represents the lowest effect. The results showed climate 

change, export demand, financial accessibility, fish price at the export level, and water quality 

had a very strong direct influence on other factors (see Figs. 2 and 3 included in quadrant 1). 
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The factors in quadrant 2, such as feed price, operational costs, and marketing costs, influenced 

other factors the most. Interestingly, all cost-related factors in the mariculture enterprises were 

grouped as relay factors with high dependence and low influence. This indicates that costs in a 

mariculture enterprise will be greatly influenced by other factors. In this study, feed price was 

strongly influenced by water quality, operational cost, and fish price at the export level. In the 

target areas, both mariculture enterprises in Lampung and Bali mostly used trash fish as feed. In 

general, water quality will affect the availability of fish in the sea as a source of food. In 

addition, as conveyed in the FGD, the feed price (fish diet) likely increased as the selling price 

of fish increased. The findings of this study are generally able to describe existing phenomena. 

Factors in a quadrant influence other factors in the same quadrant and across quadrants. For 

example, mangrove forest degradation substantially influenced water quality but was relatively 

moderately influenced by climate change. The results indicated no difference in the findings of 

grouping variables between the analysis of relationships based on direct influence (Fig. 3) and 

the categorization of variables into four quadrants (Fig. 2), which indicates a stable system. 

 

 
Fig. 3. Relationship among key factors 

 

 As shown in figure 3, several factors influence each other strongly. Each factor in the 

same component (Table 3) has a substantial influence on each other in a system. Water quality, 

feed price, and operational cost are the factors with the most extensive thick red line direction 

from other factors (Fig. 3). It indicates these three factors are susceptible and thus need more 

attention to avoid harm in a mariculture enterprise. Credit accessibility can be improved by 

increasing the knowledge of farmers regarding credit and banking. It lies in the finding stating 

that experience and skills influence credit accessibility. Credit access must also be possible 

through effective social networks among farmers and the availability of financial institutions 

(banks) and microfinance [10, 53] (Fig. 3). Therefore, capacity-building policies are required to 

promote quick credit access and support the establishment of sustainable mariculture.  

 

Conclusions 

 

This study filled the gap in sustainable mariculture research from stakeholder perspectives, 

providing input, production, and marketing stages. Out of 40 potential key factors, 15 main factors 

were selected with the most significant loading factor value from each dimension. The PCA 

results showed five components of potential key factors for sustainable mariculture enterprises: (1) 

environmental quality and climate change; (2) international trade and marketing costs; (3) 
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financial institutions and access credits; (4) operational costs for mariculture; and (5) farmer 

characteristics and poverty conditions. The combination of the components explained 75.3% of 

the variance. Environmental quality and climate change components had the highest average 

loading factor values compared to other components. The loading factor value shows a significant 

correlation between a factor and a construct in sustainable mariculture enterprises. In other words, 

from the current stakeholder perspective, environmental quality and the threat of climate change 

are likely to influence the sustainability of mariculture enterprises. 

However, through the MICMAC analysis, some key factors based on their status and role 

were found. In quadrant 1 (influencing factors), fish price at the export level, water quality, 

microfinance, export demand, experience and skills, financial accessibility, and climate change 

had strong influences but weak dependence on the sustainability of mariculture enterprises. 

Besides, each key factor had a relationship with and influence on other factors in the same 

quadrant or in different quadrants. Key factors in the environmental quality and climate change 

components had a strong influence on the key factors in international trade, marketing costs, and 

operational costs. Alternatively, it can be concluded that all the key factors in the three 

components were strongly interrelated in establishing sustainable mariculture enterprises. The 

identified key factors of sustainable mariculture enterprises will help the government or 

policymakers map which factors could be used as input objects for engendering policies on 

mariculture management, especially in the target areas and Indonesia in general. Besides, those 

could serve as leverage variables, meaning changes could be detected earlier to anticipate and plan 

business in the future. The research findings could be references for better mariculture 

management in Southeast Asia in general and could be a source of academic knowledge for 

improving mariculture management. The selected key factors could be an entry point for 

discussion at the policymaker's level. Some limitations of the research lie on its application side. 

Some of the important factors or specific processes in mariculture operations may have been left 

out of the analysis. The current data did not contain further information, such as specific social 

issues and conflicts between users of the water (mariculture vs. captured fisheries or mariculture 

vs. marine tourism), which could be included in future research. Also, sustainable mariculture 

requires comprehensive implementation. Despite the limitations, this study contributes to 

identifying key factors that each policymaker needs to consider when making some decisions. 
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