


SOCIO-ECONOMIC PROFILE OF VANNAMEI SHRIMP FARMING (Litopenaeus vannamei) MSMEs IN THE NORTH COAST OF WEST JAVA, INDONESIA


ABSTRACT
This study profiles the socio-economic and production characteristics of vannamei shrimp farming MSMEs along the North Coast of West Java, Indonesia (Bekasi, Karawang, Subang, Indramayu, and Cirebon). A descriptive quantitative survey was conducted in October 2025 using a structured questionnaire administered to 40 farmers, and the data were analyzed using frequencies, percentages, descriptive summaries, and cross tabulation. Results indicate that respondents were predominantly within the productive age range (31–60 years), all were male and married, and education was dominated by senior high/vocational (50%) and university level (25%). Enterprises were mostly individually operated (97.5%) and concentrated in micro–small categories, while respondents were spatially clustered in Cirebon (n=16) and Subang (n=14). Production was largely intensive (70%) with a mean stocking density of 114.2 shrimp m⁻³, and ponds were mainly HDPE-lined (92.5%). Loan access was relatively high (72.5%), largely through banks. These findings support cluster oriented extension, risk aware and cycle aligned financing, and targeted infrastructure support to improve MSME sustainability and competitiveness.
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1. INTRODUCTION
Vannamei shrimp farming MSMEs (Litopenaeus vannamei) play an important role in coastal economies through income generation and employment creation. However, shrimp pond operations are capital intensive and risky because performance is strongly affected by water quality, disease outbreaks, weather variability, and volatility in input and harvest prices. Therefore, a clear understanding of farmers’ socio-economic profiles and business characteristics is needed to inform capacity-building programs, adaptive financing, and infrastructure support (FAO, 2020; Boyd & Tucker, 2012; Stentiford et al., 2017).
Shrimp farming is also capital intensive and operationally sensitive, as performance can change rapidly under intensive conditions when water quality and disease risks are not managed properly. These features make governance, biosecurity, and operational discipline central to the sustainability of shrimp MSMEs (FAO, 2020; Boyd & Tucker, 2012; Stentiford et al., 2017).
Globally, the growing contribution of aquaculture to food supply has increased attention to sustainability and sector governance (FAO, 2020). In shrimp farming, sustainability is closely linked to effective water management, including the availability of reservoir/settling ponds and wastewater treatment facilities (IPAL), particularly as production systems become more intensive.
The North Coast of West Java is a major shrimp-pond region with heterogeneous farmer and enterprise characteristics across regencies. Nevertheless, cross regency evidence that comprehensively profiles MSMEs—covering socio-economic dimensions, business and production scale, water management infrastructure, and access to finance—remains limited. This study aims to develop a socio-economic profile of vannamei shrimp farming MSMEs in the North Coast of West Java and to derive more targeted policy implications for MSME development.
Although vannamei production has expanded, farm level evidence that links MSME socio-economic characteristics with production intensity, infrastructure readiness, and financing access remains limited in many smallholder-dominated settings, particularly where enterprise structures are fragmented (Rimmer et al., 2013; Henriksson et al., 2017; Pomeroy et al., 2020).
2. MATERIALS AND METHODS
This study applied a descriptive quantitative, cross sectional survey design. Primary data were collected in October 2025 from MSME vannamei shrimp farmers in Bekasi, Karawang, Subang, Indramayu, and Cirebon (North Coast of West Java, Indonesia). Respondents were owner operators or managers who were actively running vannamei ponds during the survey period. A non-probability (purposive) approach was used to reach accessible farmers across the five regencies, yielding 40 completed questionnaires (N = 40).
The survey applied purposive (non-probability) sampling because a complete and consistent registry of active shrimp MSME farmers was not uniformly available across regencies, and the study specifically targeted owner operators or farm managers who were actively engaged in vannamei production during the survey period. Respondents were selected from five regencies along the North Coast of West Java, with the following distribution: Cirebon (n = 16), Subang (n = 14), Indramayu (n = 7), Karawang (n = 2), and Bekasi (n = 1). This approach ensured that respondents had recent operational experience and could provide reliable information on socio-economic characteristics, production practices, infrastructure conditions, and financing access.
2.1 Questionnaire and variables
Data were collected using a structured questionnaire consisting of closed-ended items and numeric entries covering: (i) socio-demographic characteristics (age, gender, marital status, religion, education, and primary occupation); (ii) enterprise model and MSME scale (micro/small/medium), classified following Indonesia’s MSME framework (Republic of Indonesia, 2008) using self-reported business indicators as recorded in the questionnaire; (iii) production profile (total ponds, active ponds, pond size, pond type, and stocking density); (iv) supporting infrastructure and sustainability (electricity and water sources, reservoir/settling pond availability, and wastewater treatment/IPAL); and (v) finance and assets (feed purchasing method, production cost and profit per cycle, return on investment, number of workers, land tenure, vehicle assets, loan access, and lending institutions). Age was calculated as of 1 October 2025 from date of birth and then grouped into categories (Table 1). Stocking density (shrimp m⁻³) was used to classify farming systems as semi-intensive (<100) or intensive (≥100), consistent with the study’s operational definition (Tables 11–12).
2.2 Data collection procedure and data quality
Questionnaires were administered through guided interviews to minimize item non-response and to standardize interpretation of technical and financial terms. Participation was voluntary; informed consent was obtained prior to interviews, and no personal identifiers were recorded. Data were checked for completeness and obvious entry errors. Missing responses were not imputed; where applicable they were reported as “Not reported” in the relevant tables or noted in figure captions.
2.3 Data analysis
Data were analyzed using descriptive statistics (frequencies and percentages) for categorical variables and numerical summaries (mean, median, minimum, and maximum) for continuous variables. Return on investment (ROI) was calculated as profit divided by total cost per production cycle. Cross tabulation was used to examine associations between education level and loan access. Percentages are based on N = 40 unless otherwise stated; for lending-institution distributions, the denominator is respondents who reported having accessed a loan (n = 29).



3. RESULTS AND DISCUSSION
3.1 Social Profile of Farmers
Distribution of respondents by age group

Table 1. Distribution of respondents by age group (as of 1 October 2025)
	Category
	Frequency (n)
	Percent (%)

	≤30
	1
	2.50

	31–40
	12
	30.00

	41–50
	14
	35.00

	51–60
	11
	27.50

	>60
	1
	2.50

	Not reported
	1
	2.50



Most respondents were of working age, clustered between 31 and 60 years, which is relevant because vannamei pond operations depend on routine decisions such as feed scheduling, water quality monitoring, and rapid responses to performance changes; these routines are typically strengthened by accumulated experience under input price volatility and disease risk (FAO, 2020; Pomeroy et al., 2020). However, the limited presence of younger farmers may constrain generational renewal, suggesting that extension and local programs should support entry pathways through practical training, mentoring, and improved access to starter capital and key inputs (FAO, 2020; International Finance Corporation, 2007). Given this age structure, upgrading strategies are likely to be most effective when they emphasize low-burden operational tools—such as simple logbooks, checklists, and peer learning—that fit farmers’ routines and local working conditions.
Respondents' gender
All respondents were male (100%), suggesting that vannamei shrimp MSME management in the North Coast of West Java remains shaped by traditional gendered divisions of labor. This is consistent with Pantura shrimp centers (e.g., Cirebon and Subang), where pond operations require intensive on-site work—operating pumps and aeration, maintaining embankments and water circulation, and handling harvest activities—often involving physical labor and long working hours, while ownership and production decisions in individual and family enterprises are commonly led by men. However, male dominance in respondent profiles does not mean other household members—particularly women—are absent from the enterprise; their roles often concentrate in informal but essential functions such as basic administration, cash-flow recording, household budgeting linked to business finances, and logistical support during shocks. Accordingly, extension and assistance programs should target the business household unit, not only the primary technical decision-maker, to strengthen recordkeeping, working-capital planning, and cycle based cost–benefit evaluation (Pomeroy et al., 2020).

Marital status of respondents
Respondents were married (100%), suggesting that vannamei shrimp MSMEs in the North Coast of West Java are typically operated as family-based enterprises. In this setting, pond operations are integrated with household economic strategies—from daily consumption needs and children’s education expenses to asset purchases and social obligations. Consequently, management decisions in shrimp farming (e.g., stocking intensity, input use, and cash/credit feed purchasing) are often influenced by household cash-flow conditions and the family’s risk tolerance under production uncertainty.
Marital status also implies more collective decision-making, especially for long-term investment. In MSME ponds, reinvestments such as pond reconstruction, additional reservoir capacity, more stable aeration, or IPAL development require capital allocations that compete with household needs. Hence, income stability becomes central: when cycle to cycle income is inconsistent, MSMEs tend to postpone reinvestment, slowing productivity and sustainability improvements. Conversely, better household financial planning can increase the likelihood of allocating profits to risk reserves and reinvestment capital (Pomeroy et al., 2020).
Religious affiliation of respondents
Respondents were predominantly Muslim (90.00%), while the remainder reported other religions. This composition reflects the demographic character of coastal communities along the North Coast of West Java, where socio-religious foundations are often strong and shape community interactions, working networks, and local decision-making processes. In the context of shrimp-farming MSMEs, socio-religious values are frequently intertwined with everyday routines, including work-time allocation, group-meeting agendas, and communication patterns between farmers and supporting institutions.

Respondents' highest education level
Table 2. Respondents' highest education level
	Category
	Frequency (n)
	Percent (%)

	No formal schooling
	2
	5.00

	Elementary school
	3
	7.50

	Junior high school
	5
	12.50

	Senior high/vocational
	20
	50.00

	University
	10
	25.00



Half of the respondents completed senior high school or vocational education, while one-quarter had a university background. Although these levels are generally sufficient for standard farm operations, a non-trivial share reported only elementary or junior high schooling, and 5% reported no formal schooling. This spread implies that extension materials should be practical and visual, while still strengthening financial and administrative skills that are needed for formal service access (Lusardi & Mitchell, 2014; Pomeroy et al., 2020).
In particular, improving basic financial literacy and documentation—such as simple cash-flow records, cost tracking, and loan application readiness—can help MSME farmers reduce information barriers when dealing with banks or other formal lenders (Aribawa, 2016; Sanistasya et al., 2019).
Respondents’ primary occupation
Table 3. Respondents’ primary occupation
	Category

	Frequency (n)
	Percent (%)

	Entrepreneur/Self-employed
	18
	45.00

	Full Farmers
	16
	40.00

	Private-sector employee
	5
	12.50

	Government employee
	1
	2.50



Table 3 indicates that self-employment/entrepreneurship was the most common primary occupation (45.00%), suggesting that shrimp farming is a strategic income source and that production shocks and input price fluctuations can directly affect household economic resilience. Combined with the dominance of secondary education, this profile strengthens the relevance of financial-literacy and practical business-management support, particularly recordkeeping and cycle based planning (Pomeroy et al., 2020; Lusardi & Mitchell, 2014). From a policy perspective, improved documentation of production, costs, and revenues can enhance creditworthiness and support risk mitigation and investment decisions (Pomeroy, Arango, Lomboy, & Box, 2020). More broadly, socio-economic characteristics (age, education, gender, marital status, and occupation) shape innovation adoption, decision quality, and access to extension, finance, and markets; evidence in small-scale shrimp farming also highlights that constraints in productive assets and working capital can limit intensification and contribute to vulnerability and “productivity trap” dynamics (Yi, Reardon, & Stringer, 2018; Rimmer et al., 2013).
These socio-demographic characteristics provide context for interpreting spatial concentration, enterprise organization, and MSME scale patterns across regencies, discussed in Section 3.2.
3.2 Regional Profile, Business Model, and MSME Scale
Distribution of respondents by regency
Table 4. Distribution of respondents by regency
	Category
	Frequency (n)
	Percent (%)

	Cirebon
	16
	40.00

	Subang
	14
	35.00

	Indramayu
	7
	17.50

	Karawang
	2
	5.00

	Bekasi
	1
	2.50



Table 4 shows that the largest share of respondents came from Cirebon Regency (40.00%). This spatial concentration suggests the presence of production clusters shaped by pond infrastructure, input access, and marketing networks (FAO, 2020).

Business model of shrimp farming enterprises
Table 5. Business model of shrimp farming enterprises
	Category
	Frequency (n)
	Percent (%)

	Individual
	39
	97.50

	Company
	1
	2.50


Table 5 shows that the business model was dominated by individual operators (97.50%). This dominance implies limited economies of scale; strengthening farmer institutions (groups/partnerships) can improve input efficiency, market access, and bargaining power.


MSME scale category
Table 6. MSME scale category (Total)
	Category
	Frequency (n)
	Percent (%)

	Small
	23
	57.50

	Micro
	13
	32.50

	Medium
	4
	10.00


Table 6 shows that enterprise scale was dominated by the small category (57.50%). This micro–small structure indicates constraints in productive assets and highlights the need for investment support (infrastructure, technology, and risk management) (Yi et al., 2018).

Fig. 1. The MSME scale category by district.
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As shown in Table 5 and Table 6, most enterprises were individually operated (97.5%) and concentrated in micro and small categories, indicating limited productive assets and working-capital capacity among the majority of farmers. This structure provides the baseline for interpreting differences in production capacity and risk exposure across regencies.
Highlights differences in enterprise-scale structure across regencies. Cirebon recorded the largest number of respondents, while the shares of micro, small, and medium enterprises varied across areas. This variation reflects heterogeneity in capital capacity and infrastructure; areas with higher proportions of small/medium operators tend to be better prepared for intensification and have better input access (Yi et al., 2018).
The concentration of respondents in several regencies along the North Coast of West Java indicates spatial clustering, a common pattern for high-value, market-oriented commodities such as vannamei shrimp (Henriksson et al., 2017; Rimmer et al., 2013). Such clusters typically reflect combined advantages in water access and land suitability, input availability (post larvae, feed, equipment), logistics, and established buyer/intermediary networks (FAO, 2020; Henriksson et al., 2017). Clustering also has governance implications because disease and other production risks often extend beyond individual ponds, requiring coordinated prevention and response at the area level; therefore, cluster based policies (e.g., targeting concentration centers such as Cirebon–Subang) are likely to be more effective than uniform interventions (Stentiford et al., 2017; Rimmer et al., 2013; FAO, 2020).
The dominance of individual business models confirms household-based and fragmented enterprise structures in Indonesian aquaculture, which can increase transaction costs and weaken bargaining power due to small-volume input purchasing, uneven market information, and variable capacity to meet good farming practice requirements (Henriksson et al., 2017; Rimmer et al., 2013; Kusumawati & Bush, 2015; Vince & Haward, 2019). Strengthening farmer institutions through groups/clusters/partnerships is therefore critical to consolidate input procurement, align biosecurity SOPs, and improve collective water and effluent management; evidence from Asia suggests cluster participation can enhance network interactions, risk perceptions, and adoption of improved practices (Joffre et al., 2019; Stentiford et al., 2017).
Enterprise-scale results further show a predominance of micro and small categories, indicating constraints in productive assets and working capital that shape intensification potential and technology adoption (Yi et al., 2018; Henriksson et al., 2017). While classification follows the national MSME framework (Republic of Indonesia, 2008), scale also proxies risk absorption capacity and reinvestment ability in infrastructure and technology; limited productive capital has been linked to slower adoption of inputs and production management, increasing vulnerability to cost volatility and disease shocks (Yi et al., 2018; Stentiford et al., 2017). Finally, cross regency differences in scale structure imply that policy needs are heterogeneous: micro-dominated areas require working-capital and basic technical support, whereas small–medium areas warrant efficiency, disease-management, and market-compliance interventions (FAO, 2020; Yi et al., 2018; Henriksson et al., 2017; Vince & Haward, 2019). This is consistent with evidence of economies of scale in Indonesian vannamei farming, where technical efficiency improves with scale and stronger inputs—suggesting that institutional mechanisms are needed so micro operators do not fall behind in cost competitiveness and standards (Asmild et al., 2024; Yi et al., 2018).
From a sustainability-governance perspective, the dominance of individual and small-scale enterprises is consistent with literature arguing that improving practices in fragmented systems is more effective through co-production approaches (government–private–farmer collaboration) and sustained technical support, rather than merely imposing standards on paper (Kusumawati & Bush, 2015; Bush et al., 2013). Studies on shrimp certification/eco-labels in Indonesia also show that market instruments can motivate practice improvements, but benefits are not always evenly distributed and may be captured more easily by larger operators when mentoring and governance are weak (Azizah et al., 2020; Bush et al., 2013). Therefore, the combination of spatial concentration, individual business dominance, and a micro–small structure in the North Coast of West Java reinforces the urgency of cluster based policies: institution strengthening, cycle adaptive financing, and area level governance of disease and environmental risks (FAO, 2020; Stentiford et al., 2017; Joffre et al., 2019). In addition, social capital and farmer networks have been shown to be associated with higher profitability in shrimp farming, suggesting that strengthening local cooperation may also improve MSME performance (Duy et al., 2022). This enterprise structure provides the context for examining production capacity and farming systems in Section 3.3.
3.3 Production Profile and Farming System
Number of ponds
Table 7. Summary statistics of total number of ponds
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	14.68
	7
	1
	120



Table 7 summarizes the number of ponds owned (n=40) with a mean of 14.68, a median of 7.00, and a range of 1–120. This wide variation indicates differences in productive-asset capacity that can shape output volume and the ability to absorb operational risk.

Active ponds
Table 8. Summary statistics of active ponds
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	11.50
	5.50
	1
	120



Table 8 summarizes the number of active ponds (n=40) with a mean of 11.50, a median of 5.50, and a range of 1–120. The variation reflects differences in operational scale and, potentially, differences in working-capital strength and risk exposure across enterprises.
Average pond size (m²)
Table 9. Summary statistics of average pond size (m²)
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	1334.80
	1000
	314
	4000


Table 9 summarizes average pond size (n=40) with a mean of 1,334.80 m², a median of 1,000.00 m², and a range of 314.00–4,000.00 m². Differences in pond size affect aeration/energy requirements and working-capital needs; larger ponds generally demand stronger infrastructure planning and financing.



Pond type used
Table 10. Pond type used
	Category
	Frequency (n)
	Percent (%)

	Plastic (HDPE)
	37
	92.50

	Earthen
	2
	5.00

	Concrete
	1
	2.50



Table 10 shows that pond type was dominated by plastic/HDPE-lined ponds (92.50%). Pond construction reflects investment level and water quality controllability; better construction can improve operational efficiency, but usually requires higher upfront costs (Yi et al., 2018).
Most frequently reported smallest pond sizes (m2): 1000 (n=12); 800 (n=7); 2000 (n=3); 900 (n=3); 314 (n=3).
Most frequently reported largest pond sizes (m2): 1000 (n=7); 2000 (n=5); 2500 (n=3); 3000 (n=3); 1200 (n=3).

Stocking density (shrimp/m³)
Table 11. Summary statistics of stocking density (shrimp/m³)
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	114.20
	100
	35
	250


Table 11 summarizes stocking density (n=40) with a mean of 114.20 individuals per m³ and a range of 35.00–250.00. Stocking density is a key determinant of intensification; increasing density must be matched by stronger water quality management, biosecurity, and higher input costs (Pomeroy et al., 2020).
Classification: <100 = semi-intensive; ≥100 = intensive.
Farming system by stocking density
Table 12. Farming system by stocking density
	Category
	Frequency (n)
	Percent (%)

	Intensive (≥100 shrimp/m³)
	28
	70.00

	Semi-intensive (<100 shrimp/m³)
	12
	30.00



Table 12 indicates that production systems were dominated by the intensive category (≥100 individuals per m³) (70.00%). A tendency toward intensification increases the need for supporting technologies and risk management; therefore, working-capital access and technical assistance become critical (Pomeroy et al., 2020).
The predominance of intensive farming implies greater management demands, including stricter water quality control, disease-risk mitigation, and more precise feeding to prevent rapid pond deterioration under high biomass loads (Boyd, 2003; Boyd, 2020; Stentiford et al., 2017). Accordingly, farming-system and stocking-density patterns should be read as risk profiles: higher intensification increases the need for documented SOPs, routine mentoring, and incentive–disincentive arrangements to support compliance with good aquaculture practices. Biosecurity becomes especially critical, as Indonesian shrimp ponds show variable compliance and require improvements in access control, equipment disinfection, and management of post larvae and incoming water, particularly among resource-constrained small enterprises (Delphino et al., 2022; Stentiford et al., 2017). Using the study’s classification (semi-intensive <100 individuals m⁻³; intensive ≥100 individuals m⁻³), intensification can raise output through higher feed and aeration inputs but also elevates organic and nutrient loading when feeding and water quality management are inadequate (Chatvijitkul et al., 2017).
Productive-asset capacity is reflected in wide variation in pond ownership and operation. The number of ponds ranged from 1–120 (mean 14.68; median 7), a common smallholder-dominated structure with substantial heterogeneity in productive assets in Indonesian aquaculture, implying that interventions should not be standardized across farmers (Rimmer et al., 2013; Henriksson et al., 2017). This heterogeneity also aligns with evidence of economies of scale in vannamei farming, where technical efficiency tends to improve with scale and strengthened inputs (Asmild et al., 2024). Active ponds averaged 11.50 (median 5.5), and the active-to-total ratio averaged 0.80 (median 1.00), suggesting that while many operate all ponds, some maintain idle capacity due to working-capital constraints, disease risk, or strategic production withholding—reinforcing the need for risk management and cycle adaptive financing (FAO, 2020; Stentiford et al., 2017). Pond size also varied (mean 1,334.80 m²; median 1,000 m²), which matters for aeration needs, energy demand, and the ability to maintain water quality homogeneity without appropriate hydrodynamic design and operational SOPs (Boyd & Tucker, 2012; FAO, 2020).
Pond types were dominated by plastic/HDPE-lined ponds (92.5%), with earthen and concrete ponds remaining marginal. HDPE preference suggests a more controlled management orientation (easier sanitation and bottom cleaning), which supports intensified production and disease prevention (Boyd & Tucker, 2012; Stentiford et al., 2017). However, liners involve higher upfront costs, indicating the importance of financing and investment schemes that match payback cycles for smaller MSMEs (Henriksson et al., 2017). Overall, stocking density ranged from 35–250 individuals m⁻³ (mean 114.20; median 100), with intensive systems comprising 70.0% of farms; this reinforces that most MSMEs require reliable aeration energy and disciplined feed and water quality management, because disease risks in aquaculture are systemic and intensify when governance and biosecurity are weak (FAO, 2020; Boyd & Tucker, 2012; Stentiford et al., 2017). Given these intensive and asset-heterogeneous systems, the next section reviews supporting infrastructure that underpins water and energy management (Section 3.4).
3.4 Supporting Infrastructure and Sustainability

Electricity source
The exclusive reliance on the public electricity grid (PLN) indicates that pond operations—especially those using aeration, pumps, and circulation—depend heavily on energy-supply stability. In shrimp farming, electricity disruptions can interrupt aeration and circulation, reducing dissolved oxygen and accelerating the accumulation of harmful metabolites (e.g., ammonia), which in intensive systems can rapidly lead to stress and mortality (Boyd & Tucker, 2012; FAO, 2020). Dependence on PLN also implies routine energy expenditures that can be a significant cost component; therefore, improving energy efficiency (using energy-efficient equipment, optimizing operating hours, and monitoring power loads) is important for MSMEs’ profitability (Henriksson et al., 2017).
Accordingly, mitigating power disruptions should be positioned as part of production-risk management, for example through backup power (generators), oxygen alarms/monitoring, and emergency SOPs during outages (FAO, 2020; Boyd & Tucker, 2012). At the policy level, MSMEs support can be directed toward incentives or financing access for backup power and monitoring equipment, because stronger energy resilience is directly linked to production sustainability and reduced crop-failure risk (Henriksson et al., 2017; FAO, 2020).

Water source
Table 13. Water source
	Category
	Frequency (n)
	Percent (%)

	Seawater
	18
	45.00

	Bore well
	18
	45.00

	Estuary
	4
	10.00



The relatively balanced composition of seawater and bore-well sources indicates that shrimp-pond MSMEs in the North Coast of West Java use different water supply strategies depending on location and infrastructure. Seawater use is typically related to proximity to the shoreline and easier intake, but water quality may fluctuate with seasons, effluent intrusion, and plankton dynamics, requiring sound intake management (FAO, 2020; Henriksson et al., 2017). Bore wells are often used to increase control over supply stability, but they can carry energy-cost implications and chemical characteristics that still require conditioning before use (Boyd & Tucker, 2012).
The small share of estuarine water users suggests that some operators are located in transitional zones that are more exposed to salinity variability and potential land-based pollution. From a biosecurity and disease-risk perspective, intake water is a key pathway for pathogen entry; thus, strengthening intake–outlet management and water treatment (settling, filtration, and appropriate disinfection procedures) is critical to suppress systemic risk (Stentiford et al., 2017; FAO, 2020). Hence, variation in water sources reinforces the need for differentiated interventions: areas relying on seawater/estuaries need prioritization of intake-quality control and biosecurity, while bore-well-based areas should focus on energy efficiency and standardized water conditioning (Boyd & Tucker, 2012; Henriksson et al., 2017).
Availability of reservoir/settling pond
The presence of reservoir/settling ponds among all respondents is a positive signal that MSME farmers recognize the importance of a buffer system for water management. In practice, reservoirs function not only as a water reserve, but also as a water quality control unit through settling processes and parameter adjustment (salinity, pH), and as an initial barrier that can reduce the entry risk of contaminants and pathogens from source water (Boyd & Tucker, 2012; FAO, 2020). Reservoir availability also supports resilience to seasonal water quality changes by helping stabilize pond environments before water enters production ponds (FAO, 2020).

Availability of wastewater treatment (IPAL)
Table 14. Availability of wastewater treatment (IPAL)
	Category
	Frequency (n)
	Percent (%)

	Yes
	33
	82.50

	No
	7
	17.50



The dominance of operators who already have wastewater management facilities (IPAL) indicates some attention to effluent management—an important element of sustainable aquaculture in coastal areas. Effluent from shrimp ponds is often nutrient- and solids-rich; without proper management it can degrade surrounding waters and generate socio-environmental conflicts (Bush et al., 2013; Henriksson et al., 2017; International Finance Corporation, 2007). In fragmented shrimp production systems dominated by many small actors, effluent governance often requires collective or area based approaches because impacts are cumulative across operators (Henriksson et al., 2017; International Finance Corporation, 2007).
The existence of operators without IPAL signals an infrastructure-capacity gap and potential vulnerability to stricter environmental compliance requirements. Shrimp governance literature highlights that instruments such as standards/BMPs and certification can encourage practice change, but their effectiveness depends on technical support, institutional design, and farmer capacity—meaning that small operators require mentoring to avoid being left behind (Bush et al., 2013; International Finance Corporation, 2007; Kusumawati & Bush, 2015). Thus, policy implications extend beyond promoting IPAL ‘availability’ to ensuring functional performance through operational standards, simple monitoring, and cluster based co-investment/financing schemes for MSMEs constrained by capital (FAO, 2020; Kusumawati & Bush, 2015). These infrastructure conditions are closely linked to capital availability and risk absorption, which are further examined through financing and asset indicators in Section 3.5.

3.5 Finance, Labor, Assets, and Financing

Feed purchasing method
Table 15. Feed purchasing method
	Category
	Frequency (n)
	Percent (%)

	Cash
	24
	60.00

	Partial credit
	14
	35.00

	Full credit
	2
	5.00


Feed purchasing patterns indicate that 60.0% of respondents (24/40) purchased feed in cash, 35.0% used partial credit, and 5.0% relied on full credit. Cash purchasing typically reflects stronger working capital and lower short-term liquidity pressure, whereas credit-based purchases can function as a coping mechanism when cash flow is constrained during the production cycle (FAO, 2020; Pomeroy et al., 2020).
Cash-based feed purchasing reflects stronger working-capital capacity than partial/full credit. This aligns with literature indicating that working-capital constraints influence input decisions (including feed) and ultimately affect productivity (Yi et al., 2018). In addition, input purchasing patterns and supply-chain connectivity shape enterprise efficiency (Yusuf et al., 2020).
Total cost per cycle (IDR)
Table 16. Total cost per cycle (IDR)
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	752.400.000
	400.000.000
	60.000.000
	4.800.000.000


Table 16 summarizes total production costs per cycle (n=40) with a mean of IDR 752,400,000, a median of IDR 400,000,000, and a range of IDR 60,000,000–4,800,000,000. The very wide range reflects heterogeneity in intensification and scale; therefore, financing design should be flexible and aligned with cycle specific input needs and risk profiles.

Profit per production cycle (IDR)
Table 17. Profit per production cycle (IDR)
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	341.675.000
	139.500.000
	10.000.000
	2.600.000.000



Table 17 summarizes profits per cycle (n=40) with a mean of IDR 341,675,000, a median of IDR 139,500,000, and a range of IDR 10,000,000–2,600,000,000. The wide range again indicates heterogeneity in intensification and scale; financing instruments should therefore be adapted to production-cycle characteristics and risk.

Return on investment (Profit/Total cost)

Table 18. Return on investment (Profit/Total cost)
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	0.48
	0.33
	0.05
	2.32



Based on a simple ROI proxy (profit/total cost), the mean value was 0.48 with a median of 0.33 and a range of 0.05–2.32 (Table 18). The very wide ROI range suggests that profitability is shaped not only by cost magnitude but also by the interaction of production management (water quality and disease control), feed strategy, energy efficiency, and harvest outcomes (Boyd & Tucker, 2012; Stentiford et al., 2017). These results also imply that economies of scale should be interpreted cautiously: larger scale may improve technical efficiency, but it does not automatically guarantee higher ROI if risk management and input governance are weak (Asmild et al., 2024).
In addition to technical and cost efficiency, enterprise performance can also be shaped by social and institutional factors. Evidence from shrimp farming indicates that social capital contributes to profitability, reinforcing the relevance of strengthening farmer networks and collective action as part of MSMEs upgrading strategies (Duy et al., 2022; Hukom et al., 2020).

Number of Employees
Table 19. Number of employees
	Statistics
	Frequency (n)
	Mean
	Median
	Minimum
	Maximum

	Count
	40
	3.70
	1.50
	0
	20



Table 19 shows the number of employees (n=40) with a mean of 3.70 workers. This labor absorption indicates the contribution of shrimp-pond MSMEs to local economies; scaling up production has the potential to expand employment opportunities in communities surrounding pond areas (FAO, 2020).

Land/house ownership status
Table 20. Land/house ownership status
	Category
	Frequency (n)
	Percent (%)

	Own land
	34
	85.00

	Rented/leased
	3
	7.50

	Parents' ownership
	3
	7.50



Table 20 shows that land tenure was dominated by ‘Own land’ (85.00%). More secure ownership/access generally strengthens incentives for long-term investment in infrastructure upgrades and the adoption of sustainable farming practices.
Two-wheeled vehicle assets (units)
Table 21. Two-wheeled vehicle assets (units)
	Category
	Frequency (n)
	Percent (%)

	1.0
	26
	65.00

	2.0
	5
	12.50

	4.0
	3
	7.50

	0.0
	3
	7.50

	3.0
	2
	5.00

	8.0
	1
	2.50



Table 21 reports two-wheeled vehicle ownership as an operational/logistics asset. A total of 37 out of 40 respondents (92.50%) owned at least one vehicle, which can improve operational mobility and input distribution efficiency.

Loan access status
Table 22. Loan access status
	Category
	Frequency (n)
	Percent (%)

	Yes
	29
	72.50

	No
	11
	27.50



Table 22 shows that 72.5% of respondents had accessed loans. Among borrowers, 96.55% used banks (the remaining 3.45% used start-ups/fintech). The dominance of bank loans suggests that formal finance is relatively accessible; however, it remains important to assess how well credit products match the high-risk and cyclical nature of shrimp farming. Loans that are misaligned with production cycles may intensify cash-flow stress when production declines or disease occurs (Pomeroy et al., 2020; FAO, 2020). Therefore, MSMEs pond-financing policies are likely to be more effective when oriented to adaptive schemes (tenor aligned to cycles, grace periods during stocking, and risk mitigation mechanisms) alongside administrative mentoring so that MSMEs can maintain financial discipline and creditworthiness over time (Pomeroy et al., 2020).

Lending institutions (respondents who have ever borrowed)

Table 23. Lending institutions (respondents who have ever borrowed)
	Category
	Frequency (n)
	Percent (%)

	Bank
	28
	96.55

	Startup/Fintech
	1
	3.45



Table 23 shows that ‘Bank’ was the most frequently accessed lending institution (96.55% of respondents who had borrowed). This concentration indicates the main financing channel; tailoring credit products to shrimp-production cycles and disease risk could improve financing sustainability.

Highest education level × loan access
Table 24. Cross tabulation: Highest education level × loan access
	Education
	Yes
	No

	No formal schooling
	2
	0

	Elementary school
	2
	1

	Junior high school
	3
	2

	Senior high/vocational
	13
	7

	University
	9
	1



Table 24 presents a cross tabulation between education and loan access. Loan access is highest among university-educated farmers, while patterns in lower-education groups are less stable due to small subgroup sizes and the influence of collateral, social networks, and local banking relationships. Nevertheless, strengthening financial literacy and administrative capacity remains important for widening inclusive finance, particularly through practical bookkeeping and mentoring for credit applications (Pomeroy et al., 2020; Lusardi & Mitchell, 2014).

Fig. 2. Loan access by education level (n = 40).
[image: ]
Overall, the cross tabulation suggests relatively stronger loan access among farmers with medium-to-higher education, consistent with the role of financial literacy and administrative capacity in enabling financing inclusion (Pomeroy et al., 2020; Lusardi & Mitchell, 2014).

Cost–profit patterns serve as a proxy for enterprise efficiency: as intensification increases, technical and cost efficiency become central to competitiveness. Evidence from Indonesia suggests that scale expansion and stronger productive assets can improve technical efficiency, implying that productivity policies should prioritize asset strengthening and feasible production services for smallholders (Asmild et al., 2024), consistent with broader aquaculture efficiency research linking profitability to input use efficiency and resilience (Hukom et al., 2020). Although loan access is relatively high and dominated by banks, financing instruments must match production cycles, biological risks, and seasonal cash-flow needs to avoid over-leverage among small farmers (Pomeroy et al., 2020; Yusuf et al., 2020). Finally, feed purchasing modes (cash–partial credit–full credit) reflect working-capital capacity; because feed is typically the largest cost component, these patterns should be interpreted together with loan access and asset structure to gauge MSMEs financial resilience.

4. CONCLUSION
Vannamei shrimp farming MSMEs along the North Coast of West Java are predominantly small-scale and individually managed, with production systems largely characterized by intensive practices. Although this structure reflects an effort to increase productivity, it also entails higher technical, financial, and environmental risks. Considerable heterogeneity exists in production capacity, working-capital strength, and access to environmental infrastructure, particularly wastewater treatment facilities.
To enhance the resilience and sustainability of the sector, policy interventions should prioritize capacity building, adaptive cycle based financing, and cluster oriented infrastructure support. Tailoring these interventions to enterprise scale is essential to improve risk management, environmental performance, and the long-term competitiveness of vannamei shrimp farming MSMEs. 
This study has several limitations. First, the sample size was modest (n = 40) and respondents were selected using purposive sampling; therefore, findings may not fully represent all shrimp MSMEs across the North Coast of West Java. Second, several production and financial indicators were self-reported and may be subject to recall or reporting bias. Third, the analysis is cross sectional and reflects conditions during the survey period (October 2025), so changes across cycles or seasons were not captured. Future research with larger samples, probability-based designs, and longitudinal farm records would strengthen generalizability and causal interpretation.
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