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Abstract

Global food security and rural livelihoods are seriously and alarmingly
threatened by the aquaculture industry's potential stagnation and sustainability
issues. The significance of predicting aquaculture development using
environmental factors, management factors, and socioeconomic conditions as
predictors was examined to provide integrated, evidence-based solutions for
resilient policy interventions. This study utilized a predictive research design,
employed a multi-stage sampling technique combining cluster and convenience
sampling in selecting active aquaculture participants and registered fish
farmers, collected the data through an integrated survey instrument, and
analyzed them through multiple linear regression analysis. The study revealed
that the descriptive levels for environmental factors, management factors,
socioeconomic factors, and aquaculture development were all rated very high,
indicating excellent baseline conditions and developmental progress across the
province. The strength of the model to predict aquaculture development using
the predictors is significant, partly supporting Sustainable Livelihoods Theory
because human and physical capital assets are easily suppressed by the
overarching vulnerability context. Future studies may explore additional
predictors of aquaculture development using qualitative or mixed methods to
examine the remaining unaccounted variance, focusing on local political
involvement, global market price volatility, and unique genetic resilience. Local
planners and government leaders are encouraged to provide targeted funding,
structural institutional support, input subsidies, and automated water-quality
monitoring stations to strengthen socioeconomic safety nets and ecological
stability.

Keywords: Environmental, management, and socioeconomic, aquaculture
development, Surigao Del Sur
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1. Introduction

1.1 The Problem and Its Scope

While aquaculture is vital for global food security and rural livelihoods,
its rapid expansion has created significant pressure on food—energy—water—
carbon systems and overall sustainability (Jiang et al., 2022). Productivity and
ecosystem stability are increasingly threatened by climate-related stressors like
rising temperatures, pollution, and harmful algal blooms (Garlock et al., 2024).
These environmental risks are further compounded by weak governance, poor
waste management, and social inequalities, particularly among smallholder
operations (Hua et al., 2023; Engle, 2022). European aquaculture faces severe
climate-related vulnerabilities, as rising sea temperatures, ocean acidification,
and shifting disease patterns increasingly threaten productivity and ecosystem
health. Despite its long history, the sector suffers from relatively stagnant
production growth compared to global expansion due to persistent
technological, economic, and regulatory constraints. Addressing these
structural barriers and implementing stronger adaptation strategies is critical to
overcoming current limits on competitiveness and innovation (Galappaththi et
al., 2020; Guillen et al., 2025).

Asian aquaculture faces severe challenges from climate impacts, rising
disease risks, and ecosystem degradation caused by rapid, intensive
production. At the farm level, warming waters and hypoxia disrupt microbial
balance, while weak biosecurity and poor feeding practices further reduce
productivity, particularly for small-scale producers (Jeyachandran, 2025; Liu et

al., 2024; Wang et al., 2021; Tran et al., 2020). In the Philippines, intensive
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practices in areas like Manila Bay and Laguna de Bay have led to nutrient
buildup and declining water quality, which are worsened by weak management
and inconsistent regulatory enforcement (Montojo et al., 2020; BFAR, 2022;
Rayos & Macaraeg, 2024; Romana-Eguia et al., 2021). Similarly, in Surigao del
Sur, climate risks, water deterioration in Lianga Bay, and limited monitoring
capacity highlight a major gap between policy goals and on-farm realities for
smallholder operations (Rasonable et al., 2023; Barcena, 2024; Lopez, 2024).
While existing studies typically analyze the environmental, managerial,
and socioeconomic challenges facing aquaculture in Surigao del Sur
separately, this fragmented approach limits the understanding of how they
jointly shape development outcomes. To address this gap, this study empirically
examines these variables as integrated predictors to provide localized,

evidence-based solutions for resilient and sustainable policy interventions.

1.2 Significance of the Study

This study offers policy-relevant evidence to aid local government units,
the Bureau of Fisheries and Aquatic Resources, and regional planners in
formulating interventions that reconcile aquaculture productivity with
environmental sustainability. The results may guide targeted capacity-building
programs, regulatory enhancements, and resource management strategies
suited to Surigao del Sur's small-scale fish farmers by identifying the major
environmental, management, and socioeconomic factors that influence
aquaculture development. Beyond its local significance, the study strengthens
the empirical foundation for resilient aquaculture governance and supports

more general national and international goals on climate resilience, food
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security, and marine ecosystem protection by integrating ecological,
managerial, and socioeconomic dimensions within a single analytical

framework.

1.3 Statement of the Problem

The primary objective of this study is to determine the significance of
forecasting socioeconomic conditions affecting aquaculture development,
using environmental factors, and management factors as predictors.
Specifically, this study has the following objectives:

1. To determine the levels of environmental factors indicated by water
quality, environmental risks and natural hazards, and ecological
sustainability; management factors indicated by farm operations and
production management, technical knowledge and skills, inputs,
resources and infrastructure and external institutional support;
socioeconomic factors indicated by income and livelihood stability,
market participation and access, social capital and community and
cost benefit perception; and aquaculture development indicated by
productivity and output, technology adoption, expansion and
investment intentions, perceived overall development among fish

pond, fish cage, fish pen, and seaweed farm operators.

2. To determine the significance of relationship between environmental,
management, and socioeconomic factors and aquaculture

development among aquaculture operators.
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3. To determine the environmental, management, and socioeconomic

factors significantly influence the aquaculture development of fish

pond, fish cage, fish pen, and seaweed farm operators.

1.4 Hypotheses

Ho1: The environmental factor, management factor, and socioeconomic factor
are not significantly correlated with aquaculture development.

Ho2: The model for aquaculture development, using environmental factor,

management factor, and socioeconomic factor as predictors, is not significant.

1.5 Theoretical and Conceptual Framework

This study is anchored in the Sustainable Livelihoods Theory (SLT) of
the Department for International Development (1999), which explains
livelihoods as the result of interactions among five forms of capital: natural,
human, financial, physical, and social. The theory emphasizes that access to
and effective use of these assets within specific environmental and institutional
contexts determine households’ capacity to achieve sustainable outcomes. In
aquaculture-dependent communities, these capitals collectively influence
productivity, resilience, and long-term development. By integrating
environmental, management, and socioeconomic factors, this study uses SLT
as an empirical framework to analyze aquaculture development and adaptive
capacity in Surigao del Sur.

Within the Sustainable Livelihoods Theory framework, aquaculture

productivity in Surigao del Sur is viewed as the outcome of the interaction
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among livelihood capitals. Environmental factors represent natural capital,
including water quality, pollution, and climate-related hazards that directly affect
growth, survival, and ecological sustainability. Management factors reflect
human and physical capital through feeding practices, stocking density,
infrastructure, and biosecurity measures, demonstrating farmers’ technical and
operational capacity. Socioeconomic factors correspond to financial and social
capital, such as income, credit access, education, institutional support, and
market linkages that influence investment and innovation. These dimensions
are hypothesized to interact synergistically to shape aquaculture development
defined as improvements in productivity, income stability, and environmental
sustainability forming an integrated model for assessing livelihood performance

and adaptive capacity in Surigao del Sur.
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Management Factors

- Farm Operations & Production
Management

- Technical Knowledge & Skills

- Inputs, Resources &
Infrastructure

- External Institutional Support

Aquaculture Development

- Productivity & Output
- Innovation &
Technology Adoption
-  Expansion &
Investment Intentions
- Perceived Overall
Development

Socioeconomic Factors

- Income & Livelihood Stability
- Market Participation & Access
- Social Capital & Community

- Cost-Benefit Perception

Independent Variables

Dependent Variable

Figure 1. Conceptual Framework of the Study

Www.ijrp.org




%, 1JRP.ORG

Andrea Louise P. Dolojan / International Journal of Research Publications (IJRP.ORG)

629

2. METHODOLOGY

This chapter presents the research design, setting, respondents,
instruments, data collection procedures, and analytical methods used to
examine the environmental, management, and socioeconomic predictors of

aquaculture development in Surigao del Sur.

2.1 Research Design

According to Ghanad (2023), a predictive research design is a
quantitative approach that determines the extent to which one or more
independent variables can predict or explain variations in a dependent variable
through statistical modeling, often using regression analysis techniques.
Ghanad (2023) further explained that this design is appropriate when the
purpose of a study is to establish predictive relationships among variables and
identify significant predictors of a particular outcome. Guided by this
perspective, the present study employed a predictive research design to
examine the extent to which environmental, management, and socioeconomic
factors predict aquaculture development in Surigao del Sur. Consistent with the
description of a non-experimental, cross-sectional correlational approach
provided by Creswell and Creswell (2018), data were collected at a single point
in time to describe existing conditions without manipulating the variables under
investigation. Field (2018) noted that regression analysis is appropriate for
examining predictive relationships among variables, while Hair et al. (2019)
emphasized its usefulness in determining the relative contribution of multiple
predictors to an outcome variable. Accordingly, multiple regression analysis

was utilized to assess the predictive relationships among the study variables,
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whereas descriptive statistics were used to characterize the respondents and

describe the current state of aquaculture development in the province.

2.2 Locale of the Study

This study was conducted in the municipalities of Bislig City, Hinatuan,
Barobo, Lianga, Diatagon, Marihatag, San Agustin, Cagwait, and Tandag City
in Surigao del Sur, an administrative province within the Caraga Region,
Philippines, composed of diverse coastal and inland communities. This area
was chosen as the setting of the study to gather relevant data from the active
coastal and inland aquaculture operations within the identified municipalities
under the province, providing an appropriate context for examining

environmental, management, and socioeconomic factors.

The selected locales encompass coastal communities along the
Philippine Sea and inland zones that support freshwater aquaculture via rivers
and ponds, enabling assessment across diverse ecological settings.
Characterized by a tropical climate, abundant rainfall, and extensive water
systems, the province supports milkfish and tilapia pond culture, fish cages, and
small-scale mariculture vital to local livelihoods. Furthermore, the governance
structures involving Local Government Units (LGUs), community groups, and
the Bureau of Fisheries and Aquatic Resources (BFAR) shape local
aquaculture management, making these sites highly appropriate for examining

the determinants of aquaculture development.
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2.3 Sample and Sampling

The respondents of this study consisted of 384 individuals engaged in
aquaculture activities for the year 2026. The sample size was determined using
the Raosoft Sample Size Calculator based on the overall population of 648,858
in Surigao del Sur, ensuring a 95% confidence level and a 5% margin of error.
A multi-stage sampling technique combining cluster and convenience sampling
was used, wherein the municipalities of Bislig, Hinatuan, Barobo, Lianga,
Diatagon, Marihatag, San Agustin, Cagwait, and Tandag are designated as
separate clusters to guarantee geographic representation across the province

(Cochran, 1977; Saunders et al., 2019).

Within each identified cluster, respondents primarily consisting of 384
were selected through convenience sampling until the required sample size is
achieved. This approach is considered appropriate since the target population
is geographically dispersed, and selecting available, active stakeholders who
are directly or indirectly involved in the sector provided valuable perspectives.
Including these qualified respondents allows for a comprehensive regional
representation, minimizes regional bias, and produces findings that more
accurately reflect the determinants of aquaculture development in the identified

locale.

2.4 Data Gathering Technique

Marsh (2025) described survey research as a quantitative method for
systematically gathering data from a defined population through standardized
instruments. Consistent with this approach, the present study employed a

quantitative survey design to evaluate the environmental, management, and
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socioeconomic predictors of aquaculture development in Surigao del Sur using
a 56-item integrated instrument. The first section, an adapted Environmental
Factors Questionnaire based on the Philippine Statistics Authority (PSA, 2020),
Rustia et al. (2025), and Kariuki (2022), comprised 13 items across three
subscales measuring water quality, environmental risks, and ecological
sustainability. The second section, an adapted Management Factors
Questionnaire based on the PSA (2020), Rustia et al. (2025), and the World
Organization for Animal Health (WOAH) & STAR-IDAZ International Research
Consortium (2025), included 17 items across four subscales assessing farm
operations, technical skills, resources, and institutional support. The third
section, an adapted Socioeconomic Factors Questionnaire derived from the
PSA (2020), Rustia et al. (2025), Kariuki (2022), and the Sustainable
Aquaculture Consumer Study (2024), consisted of 14 items across four
subscales evaluating income stability, market access, social capital, and cost-
benefit perceptions. The final section, an adapted Aquaculture Development
Questionnaire based on the PSA (2020), Rustia et al. (2025), and WOAH &
STAR-IDAZ IRC (2025), contained 12 items across four subscales measuring
productivity, innovation, investment intentions, and overall development.
Following expert validation (Creswell, 2018), pilot testing and reliability analysis
using Cronbach's alpha (Gliem & Gliem, 2003) yielded internal consistency
values of 0.500 for Environmental Factors, 0.631 for Management Factors,
0.617 for Socioeconomic Factors, and 0.579 for Aquaculture Development; the

overall instrument generated a highly reliable total coefficient of 0.802.

2.5 Data Analysis Technique
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There were three data analysis techniques employed in this study
namely, descriptive, Pearson-r, and multiple regression analysis.

Descriptive analysis, including weighted mean and standard
deviation, was employed to evaluate the environmental conditions,
management practices, and socioeconomic support concerning water quality,
pollution exposure, climate risks, technology utilization, training, market access,
and governmental assistance. These instruments were employed to assess the
degree of aquaculture development concerning production levels, income
stability, farm expansion, adoption of sustainable practices, and market
accessibility.

The Pearson Product-Moment Correlation Coefficient (r) was utilized
to ascertain the substantial relationship between the independent variables and
aquaculture development. This statistical method assessed the extent and
direction of the relationship between environmental, management, and
socioeconomic factors and the level of aquaculture development among
operators in Surigao del Sur. The analysis facilitated the identification of
associations between modifications in these factors and alterations in

aquaculture development outcomes.

For the interpretation scale of r-value, the following scheme was used:

Computed r Descriptive Interpretation
+/-1.00 Perfect Correlation
Between +/- 0.75 - +/- 0.99 High Correlation
Between+/- 0.51 - +/- 0.74 Moderately high correlation
Between+/- 0.31 - +/- 0.50 Moderately low correlation
Between+/- 0.01 - +/- 0.30 Low correlation

0.00 No correlation
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According to Sekaran (2016), multiple regression analysis is an
appropriate statistical technique for determining the extent to which several
independent variables predict or explain variations in a dependent variable.
Sekaran (2016) further noted that this procedure enables researchers to assess
the predictive contribution of each independent variable and identify the most
influential predictors of an outcome. Consistent with this recommendation,
multiple regression analysis was employed in the present study to determine
which environmental, management, and socioeconomic factors significantly
predict aquaculture development. All statistical analyses were evaluated at a
0.05 level of significance to determine the statistical significance of the results.
On the following page, the matrix showing the scale, descriptive level,
and corresponding interpretation for each variable involved in this study is
presented. This measure was used particularly to describe the levels of
environmental, management, socioeconomic, and aquaculture development in
Bislig, Hinatuan, Barobo, Lianga, Diatagon, Marihatag, San Agustin, Cagwait,

and Tandag, Surigao del Sur.

Scale Level Interpretation

Excellent environmental,
management, and socioeconomic
conditions / Very high level of
aquaculture development

Good environmental, management,
2.50 - 3.24 High and socioeconomic conditions / High
level of aquaculture development
Poor environmental, management,
1.75-2.49 Low and socioeconomic conditions / Low
level of aquaculture development
Very poor environmental,
management, and socioeconomic
conditions / Very low level of
aquaculture development

3.25 - 4.00 Very High

1.00-1.74 Very Low

Www.ijrp.org



Andrea Louise P. Dolojan / International Journal of Research Publications (IJRP.ORG)

%, URP.ORG

ISSN: 2708-3578 (Online

635

2.6 Ethical Consideration

The study adhered to established ethical principles to safeguard the
rights and welfare of the respondents and to maintain the credibility and
trustworthiness of the findings. It observed the ethical guidelines set by Holy
Cross of Davao College — Society for Moral Integrity and Legal Ethics (SMILE)
and complied with the provisions of the Data Privacy Act of 2012 regarding the
proper handling and protection of personal information (Cheng, 2021). Prior to
the conduct of the study, informed consent was secured from all respondents,
informing them about the objectives, procedures, and their voluntary
participation, including their right to withdraw at any stage of the research
process. Confidentiality and anonymity were strictly observed by protecting the
identities of the respondents and securely managing all gathered data. The
study maintained the principles of fairness, transparency, scientific integrity, and
respect for respondents, contributing to responsible and sustainable

aquaculture development in Surigao del Sur.
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Included in this chapter are the descriptive, correlation, and regression

tabular presentations, along with the corresponding analysis and interpretation

of the statistical results. This chapter ends with a summary of findings.

3.1 Descriptive Results

Presented in Table 1 is the descriptive statistical results of the study for

the 384 respondents in Surigao del Sur. The table includes the variables under

investigation environmental factors, management factors, socioeconomic

factors, and aquaculture development, along with their respective indicators. It

also shows the number of respondents, mean, standard deviation, and the

corresponding descriptive levels for each variable.

Table 1. Descriptive Analys Results (N=384)

Variables SD Mean Interpretation
Environmental Factors 0.15 3.48 Very High
Water Quality Conditions 0.23 3.29 \Very High
Environmental Risks & Natural .
Hazards 0.33 3.71  Very High
Ecological Sustainability 0.29 3.43 \Very High
Management Factors 0.19 3.62 Very High
Farm Operations & Production 0.24 3.77 Very High
Management
Technical Knowledge & Skills 0.28 3.58 Very High
Inputs, Resources & .
Infrastructure 0.18 3.57  Very High
External Institutional Support 0.29 3.55 Very High
Socioeconomic Factors 0.20 3.51 Very High
Income & Livelihood Stability 0.28 3.63 Very High
Market Participation & Access 0.37 3.43 Very High
Social Capital & Community .
Support 0.34 3.59 \Very High
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Cost—-Benefit Perception 0.27 3.38 \Very High
Aquaculture Development 0.15 3.44 Very High

Productivity & Output 0.35 3.20 High
A(Ijr;r;%\éition & Technology 026 3.35 Very High
lni):]p;s;sslon & Investment 026 354 Very High

Perceived Overall Development 0.29 3.65 Very High
1.00-1.74 Very Low, 1.75-2.49 Low, 2.50-3.24 High, 3.25-4.00 Very High

Specifically, the environmental factors variable obtained a mean of 3.48,
described as very high, indicating that the environmental conditions and
considerations of the respondents are excellent. All of its indicators were rated
very high. The standard deviation of 0.15 implies that the responses are highly
consistent. Moreover, the management factors variable obtained a mean of
3.62, described as very high, indicating that the management capabilities and
operational practices of the respondents are excellent. All of its indicators were
also rated very high. The standard deviation of 0.19 implies that the responses
are highly consistent. In addition, the socioeconomic factors variable obtained
a mean of 3.51, described as very high, indicating that the socioeconomic
status and community dynamics of the respondents are excellent. All of its
indicators were rated very high. The standard deviation of 0.20 implies that the
responses are highly consistent. Finally, aquaculture development obtained a
mean of 3.44, described as very high, indicating that the overall advancement
and growth in aquaculture are excellent. All of its indicators were rated very high
except productivity and output with a high level. The standard deviation of 0.15
implies that the responses are highly consistent.

The findings revealed that environmental factors, management factors,

socioeconomic factors, and aquaculture development were all rated very high,
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indicating excellent environmental conditions, management practices, social

support, and developmental progress. Among the variables, management

factors obtained the highest result, while aquaculture development showed a

relatively lower result due to productivity & output being rated only high.

3.2 Correlation Results

Shown in Table 2 is the correlational results between independent
variable and dependent variable. Also, it shows the r-value, p-value, decision

on null hypothesis and the interpretation.

Table 2. Correlation Table (N=384)

Aquaculture Development

Independent Decision on
Variable r o] ch ston o Interpretation

Positive, Very Weak but
Environmental 0327 0.000 Reject Hos Slgnlflgant Relationship as
Factors a predictor of Aquaculture

Development

Positive, Very Weak but
Management 0.109 0.033 Reject Hoz Slgnlflgant Relationship as
Factors a predictor of Aquaculture

Development

Positive, Weak but
Socioeconomic 0.401 0.000 Reject Hos Significant Relationship as

a predictor of Aquaculture
Development

Factors

Level of Significance: 0.05
Decision Rule: Reject H, if p < 0.05

The correlation between environmental factors and aquaculture
development variables obtained a p-value of 0.000, which is lower than the 0.05
level of significance; hence, the null hypothesis was rejected. It indicates that
the correlation is statistically significant. The R-value of 0.327 indicates that the

correlation is positive and very weak. It implies that higher environmental
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factors are associated with greater aquaculture development. Moreover, the
correlation between management factors and aquaculture development
variables obtained a p-value of 0.033, which is lower than the 0.05 level of
significance; thus, the null hypothesis was rejected. It indicates that the
correlation is statistically significant. The R-value of 0.109 indicates that the
correlation is positive and very weak. It implies that better management factors
are associated with increased aquaculture development. Finally, the correlation
between socioeconomic factors and aquaculture development variables
obtained a p-value of 0.000, which is lower than the 0.05 level of significance;
thus, the null hypothesis was rejected. It indicates that the correlation is
statistically significant. The R-value of 0.401 indicates that the correlation is
positive and weak. It implies that as socioeconomic factors improve,
aquaculture development also tends to improve.

The findings revealed that environmental factors, management factors,
and socioeconomic factors all have significant positive relationships with
aquaculture development. However, socioeconomic factors demonstrated a
stronger association with aquaculture development compared to environmental
factors and management factors, with management factors showing the

weakest correlation among the variables.

3.3 Regression Results
Multiple Linear Regression was conducted to determine the extent to

which the three independent variables influence aquaculture development.
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Table 3. Regression Analysis Results

Aquaculture Development

Independent . Std. . .
Variables Estim Estimat SE t 0 Decisio Interpretatio
ate e nonHo n
Intercept 3.63 0.17 ?1'8 0.000
Significant
Environmental 0.41 0.41 004 9.13 0.000 Reject predictor of
Factors Ho4 Aquaculture
Development
Not a
Management Fail to significant
E 9 0.08 0.10 0.05 1.65 0.099 Reject predictor of
actors
Hos Aquaculture
Development
Significant
Socioeconomi 043 0.56 0.04 10.0 0.000 Reject predictor of
c Factors 6 Hoe Aquaculture

Development

R=0.590, R?=0.348, Adjusted R?=0.343, F=67.6, Sig.=0.000

Regression Model: AD = 3.63+0.41(Env)+0.08(Mgt)+0.43(SE)

Specifically, the table shows the model for aquaculture development
using the predictive variables environmental factors, management factors, and
socioeconomic factors is AD = 3.63 + 0.41(Env) + 0.08(Mgt) + 0.43(SE). The
corresponding p-value is 0.000, which is lower than the 0.05 level of
significance; hence, the null hypothesis was rejected. It indicates that the model
to predict aquaculture development is statistically significant. The R squared of
0.348 indicates that the strength (34.8%) of the model to predict aquaculture
development is moderate. This implies that for every unit change in the
predictors in the model, there is a corresponding change in the aquaculture
development.

The findings revealed that environmental factors and socioeconomic
factors significantly predict aquaculture development, while management

factors do not significantly predict the outcome variable. Among the predictors,
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socioeconomic factors showed a stronger influence on aquaculture

development compared to environmental factors.

3.4 Summary of Findings

Based on the statistical analysis, it was specifically found that:

1. The environmental factor, management factor, and socioeconomic factor
are significantly correlated with aquaculture development.

2. The model for aquaculture development, using environmental factor,
management factor, and socioeconomic factor as predictors, is

significant.
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4. Discussions

Discussed in this chapter are the descriptive, correlation, and regression
analysis results of the study. The discussions aim to highlight how the study's
results support previous findings. Included here as well are the conclusion and

recommendations based on the results and discussions.

4.1 Significant Relationship Between Environmental, Management, and
Socioeconomic Factors and Aquaculture Development

The findings of the study state that the environmental factor,
management factor, and socioeconomic factor are significantly correlated with
aquaculture development. This finding affirms the study of Garlock et al. (2024),
reporting that environmental, economic, and community outcomes in
aquaculture systems were positively and significantly related, indicating that
sustainability dimensions reinforce aquaculture performance and development.
Likewise, the current finding supports Wang et al. (2023), who asserted that
investments, training, and environmental conditions significantly influenced
aquaculture productivity and losses in Guangdong, China, emphasizing that
management practices and environmental factors are critical determinants of

aquaculture success.

In contrary, the current finding contradicts the claim of Jiang et al. (2023),
who asserted that technological progress and innovation, rather than
socioeconomic and environmental conditions, were the primary drivers of
aquaculture production growth in China. This suggests that external

socioeconomic factors had limited direct influence on development outcomes.
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4.2 Significance of Environmental, Management, and Socioeconomic
Factors as Predictors of Aquaculture Development

The findings of the study state that the model for aquaculture
development, using environmental factor, management factor, and
socioeconomic factor as predictors, is significant. This finding affirms the study
of Garlock et al. (2024), reporting that environmental sustainability, economic
management practices, and social dimensions significantly predict aquaculture
performance and long-term development outcomes across aquaculture
systems. Their study emphasized that combining these predictors provides a
strong framework for assessing aquaculture sustainability and growth. The
present result further confirms Tran et al. (2023), who asserted that
environmental conditions, farm management efficiency, and socioeconomic
support significantly influenced aquaculture productivity and resilience in
Southeast Asia. The study confirmed that these variables are important
predictors in explaining successful aquaculture development models.

In contrast, the current findings contradicts the claim of Jiang et al.
(2023), which asserted that technological innovation and productivity
improvements were more significant determinants of aquaculture development
than environmental or socioeconomic variables. This suggests that
development models relying mainly on these predictors may have limited

explanatory power.
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4.3 Conclusion

Based on the findings of the study, it can be concluded that the strength
of the model to predict aquaculture development using environmental,
management, and socioeconomic factors as predictors is strong and
significant. This result, which reveals that the combined factors explain 34.8%
of the variance in aquaculture development, significantly supports the
Sustainable Livelihoods Framework, which postulates that sustainable
development and community outcomes are heavily dependent on the interplay
between environmental assets such as water quality and climate stability,
human/social management capabilities, and socioeconomic capital. While all
three dimensions correlate positively with overall development, the regression
model highlights that socioeconomic factors and environmental factors serve
as the primary, statistically significant drivers, thereby confirming that securing
supportive socioeconomic structures and maintaining stable ecological
resources are Vvital, foundational pillars for fostering resilient and high-

performing aquaculture systems.
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4.4 Recommendations

Based on the conclusion, it is recommended that future studies explore
additional factors (65.2%) that predict aquaculture development, which were
not captured in the present regression model. Employing a qualitative or mixed-
methods research design may also be encouraged to uncover emerging
community themes and localized challenges that can provide deeper insights
into the specific livelihood barriers faced by stakeholders. Moreover, local
government units and industry leaders may initiate targeted socioeconomic
programs, secure market access, and implement strict ecological management
protocols to protect water quality and natural habitats. Allocating funds and
institutional resources for these sustainable development initiatives may also

be considered to optimize overall industry productivity and resilience.
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