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Abstract

This study examines management practices and resilience measures among fishpond operators in
Quirino Province amid environmental disruptions. A quantitative descriptive-correlational design
was employed using a validated structured questionnaire administered to 100 purposively selected
operators. Data were analyzed using frequency distribution, weighted mean, standard deviation,
Mann-Whitney U test, Kruskal-Wallis H test, and Spearman’s rho correlation. Results show that
operators consistently apply essential management practices across all stages of pond management.
Preventive and adaptive resilience measures are commonly practiced, while transformative measures
were less frequently practiced than preventive and adaptive measures. Operators also reported strong
experiences of environmental disruptions. No statistically significant differences were found in
practices and strategies when grouped by sociodemographic and operational characteristics (p >
0.05). Correlation analysis revealed statistically significant but weak relationships. Notably, adaptive
strategies showed a weak inverse association with water and soil quality disturbances (p =—0.209, p
= 0.037). These findings indicate that environmental disruptions were associated with selected
resilience strategies, although the observed relationships were generally weak. This study addresses
a research gap in inland aquaculture by providing empirical evidence from disaster-prone Quirino
Province, where limited studies exist. Findings highlight the need for interventions beyond
awareness, emphasizing technical support, capacity-building, financial assistance, and infrastructure
development to strengthen resilience.
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1. Introduction

Aquaculture is now an essential part of the global food system and contributes to
achieving food security and economic empowerment; however, the continued growth of this
industry is threatened by a number of challenges in the social, environmental, and operational
fields (Yoshida, 2024). Although it has been a fast-growing sector over the last two decades,
its sustainable development in the future should depend upon how successful the aquaculture
industry is able to address the issues related to environmental degradation, to cope with the
negative effects of water quality, and to adapt to climate violations (Naylor et al., 2021; Troell
et al., 2023; Troell et al., 2014). Climate-related stresses can affect aquaculture through
changes in water availability, temperature, and other environmental conditions, making
adaptation an important part of sustaining production. Abisha et al. (2022) emphasize that
climate-resilient aquaculture requires practical adaptation measures that consider the different
environmental stresses faced by farming systems.

In the Philippines, research on aquaculture has been directed towards coastal areas and
large production zones (i.e., Lopez et al., 2026; Kurekin et al., 2022; Tahiluddin et al., 2025).
Inland fishponds, such as the fishpond operations in provinces like Quirino, have been poorly
researched. Environmental damage, adaptation, and aquaculture development have previously
been discussed; however, little is known about how farmers in inland aquaculture adapt to
environmental changes and what preventive, adaptive, and transformative mechanisms they
have adopted. The aquaculture sustainability literature has focused on understanding the
governance, advanced knowledge, and innovative systems that are needed to solve
environmental interrelated issues (Partelow et al., 2023).

This study attempts to fill these gaps with the help of Socio-Ecological Resilience
(SER) framework, which defines resilience as the ability of people and systems to adapt to
environmental change while still being able to perform important functions. The study
combines agricultural management techniques, environmental disturbances, and the three
types of resilience (preventive, adaptive, and transformative) to analyze how these aspects
interact with one another in small-scale inland fishpond business models. Furthermore,
research into climate influence in fishing and aquaculture also stresses that it is very important
to take into account local situations and the ability of producers to adapt themselves to

environmental changes (Tran et al., 2022).
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The study aims to provide local data from Quirino Province to improve aquaculture
management and resilience programs that are suited to the conditions of inland fishpond
operators. In particular, the study intends to: (1) assess farm management practices; (2)
evaluate the preventive, adaptive, and transformational resilience strategies; (3) investigate
variations in management practices and resilience strategies among operators and farm
operations; and (4) establish relationships between environmental disturbances, farm

management practices, and resilience strategies.

2. Literature Review

2.1. Theoretical and Research Framework

The Socio-Ecological Resilience (SER) framework serves as the basis of this study
since environmental aspects, availability of resources, technologies, knowledge and
institutions play a part in fishpond operations. Resilience refers to maintaining functions of
importance while the environment changes. On the other hand, preventive strategies refer to
actions taken before the occurrence of disruptions while adaptive strategies involve strategies
of reacting to the situation continuing to change and transformative strategies involve changing
practices and technologies over a long period. Therefore, resilience is not limited to the
responses of individuals since other important factors like resources, information, institutions
and relationships also determine the resilience level of operators.

Based on this theory, the research framework is developed as shown in Figure 1.

Figure 1
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The framework explains how the characteristics of operators and ponds provide
important contextual information for interpreting farm management practices, resilience
strategies, and perturbation in the environment. It should be noted that the framework makes
no assumptions about the existence of a direct causal relationship between variables. Instead,
it provides an analytical structure for examining differences and associations among farm
management practices, resilience strategies, and environmental disruptions. This perspective
is consistent with the socio-ecological resilience approach, which emphasizes the interaction
between environmental pressures and the capacity of individuals and systems to respond to

change.

2.2. Farm Management Practices

Effective farm management plays a very crucial role in aquaculture processes as well
as addressing ecosystem challenges. While advancements in stocking, feeding, and production
systems have largely driven progress in the field of aquaculture, small-scale farmers still
grapple with diseases and limited resources (Naylor et al., 2021; Ahmed et al., 2025). This
means that farm management consists of not only undertaking the daily activities on the farm
but also adjusting to the changes in conditions.

The current ecologies and resource base affect the way these practices are implemented.
Tran et al. (2022) have shown that the influence of climate change on aquaculture differs across
locations and cultural practices. In Agusan del Sur, Formento et al. (2023) found that small-
scale farmers generally followed important practices such as pond preparation and regular
feeding but continued to experience water-quality problems during rainy periods. Kanwal et
al. (2024) likewise found that limited access to monitoring technologies can make it difficult

for farmers to detect water-quality problems early.

2.3. Resilience Strategies

Resilience in aquaculture involves preparing for environmental disruptions, adjusting
practices when conditions change, and making longer-term improvements that can strengthen
future operations. Tran et al. (2022) emphasized the need for both preparation and adaptation
when responding to climate-related threats. Studies of small-scale fish farming also show that
adaptation is influenced by farmers’ resources, experience, and understanding of climate risks

(Formento et al., 2023; Maulu et al., 2024; Bargo et al., 2025). Partelow et al. (2023) further
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emphasized the importance of knowledge, innovation, and governance in supporting longer-
term transformation. These perspectives show that resilience can involve both actions taken

within the farm and support provided by institutions and other stakeholders.

3. Methodology
3.1. Research Design

This study employed a quantitative descriptive-correlational design to describe farm
management practices and resilience strategies and to examine differences and relationships
among the study variables. The design was appropriate because the study observed the existing
conditions of fishpond operations without manipulating the environment or the respondents'
practices. Spearman's Rho was used to examine relationships among the variables, while the
Mann—Whitney U and Kruskal-Wallis H tests were used to examine differences between

groups.

3.2. Participants of the Study

The study involved 100 small-scale inland fishpond operators in Quirino Province,
Philippines, selected through purposive sampling. To qualify in this study, the participants
must (1) be the fishpond owner or manager in Quirino Province, (2) have no less than one year
experience in fishpond operation, (3) have been impacted by climatic events such as rainfall
and pollution of water supply. Though the sampling method applied is ineffective for making
generalizations about the results outside this research area, the participants provide the
information based on their own experience with the inland aquaculture industry.

As shown in Table 1, the samples are predominantly male accounting for 86% of the
participants, while only 3% were aged 18—25. The small proportion of younger operators may
indicate limited participation of younger individuals in the sector; however, the present study
did not examine the reasons behind this age distribution. The most prominent issue in this
group is a clear contradiction: majority have received tertiary education but still operate their
fish ponds less than five years. More than one-third earn less than PHP 5,000 a month from
their fishponds alone. It is evident that fish farming is used as an auxiliary source of income
hence the reason most of their education is left unutilized as they do not have enough financial
capacity to absorb future problems. Moreover, almost two-thirds of the operators were not

affiliated with a farmers' association or cooperative. This may limit opportunities for
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cooperation, capacity building, and access to support. Similar concerns were reported by
Manlosa et al. (2023), who found that farmers' associations can strengthen small-scale

aquaculture producers' access to information, resources, and institutional support.

Table 1
Socio-demographic profile of fishpond operators.

Category Frequency Percentage (%)
Sex
Male 86 86.00
Female 14 14.00
Age
18-25 3 3.00
26-35 14 14.00
36-45 37 37.00
46-55 24 24.00
56 and above 22 22.00
Civil Status
Single 18 18.00
Married 76 76.00
Widowed 2 2.00
Separated 4 4.00
Educational Attainment
Elementary 6 6.00
High School 36 36.00
College 53 53.00
Postgraduate 4 4.00
Vocational 1 1.00
Years in Fishpond Operation
Less than 5 years 54 54.00
5-10 years 38 38.00
11-15 years 2 2.00
16 years and above 6 6.00
Position / Role in Fishpond Operation
Owner 80 80.00
Manager 20 20.00
Caretaker 0 0.00
Co-owner 0 0.00
Average Monthly Income
Below 5,000.00 35 35.00
5001-10,000 16 16.00
10,001-15,000 28 28.00
15,001 and above 21 21.00
Membership to farmer association/cooperative
Yes 37 37.00
No 63 63.00
Total 100 100.00

Table 2 shows the participants’ operational profile of fishponds in Quirino province.
The profile includes the size of the ponds, their farming system, culturing method, capacity to

produce, sources of funds, and availability of technical assistance.
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Table 2

Participants’ profile of fishpond operations in Quirino Province

Category Frequency Percentage (%)

Size of Fishpond Area (per range)

Small Scale 26 26.00

Medium Scale 60 60.00

Large Scale 14 14.00
Farming System

Pond 97 97.00

Cage 2 2.00

Tank 1 1.00
Culture Method

Extensive (natural food only) 1 1.00

Semi-intensive (natural food and commercial feed) 97 97.00

Others 2 2.00
Scale of Production / Capacity

Small Scale 21 21.00

Medium Scale 64 64.00

Large Scale 15 15.00
Source of Capital

Personal Savings 89 89.00

Bank Loan 5 5.00

Cooperative 1 1.00

Others 5 5.00
Source of Technical or Extension Support

Local Government (Municipal/Provincial Agriculture Office) 68 68.00

None 32 32.00
Total 100 100.00

Most participants used relatively low-input production systems. Nearly all operated
earthen and semi-intensive ponds (97%), while 89% relied on personal savings to finance their
operations. These conditions provide context for the limited use of alternative technologies.
Similar resource and technology constraints have been reported in small-scale aquaculture
(Densing & Matutes, 2025; Formento et al., 2023). Although 68% of the operators received
technical assistance from local government units, 32% reported receiving none. This difference
in access to support may be important when considering the operators’ ability to adopt
additional technologies, although institutional support was not directly tested as a factor in this

study.

3.3. Instrumentation and Data Gathering Process

Data has been collected using a structured questionnaire. This was done with respect
to the objectives of the study and to previous studies from literature on farm management,
resiliency, and environmental change in aquaculture. The instrument evaluated the practices in

farm management along with preventive, adaptive and transformative strategies of resiliency
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relative to environmental disturbance. Evaluation of the appropriateness and clarity of the
instrument was executed by five experts coming from aquaculture and agricultural sciences. A
pilot test involving 10 fishpond operators who were not included in the final sample was
conducted before the actual data collection. The questionnaire obtained a Content Validity
Index above 0.80, while Cronbach’s alpha values ranged from 0.78 to 0.91, indicating

acceptable internal consistency.

3.4. Data Analysis

Descriptive statistics were utilized to provide a descriptive summary of the
respondents’ characteristics, farm management, practices, resilience techniques, and perceived
environmental impact. Spearman’s rho statistic was used to perceive relationship between
variables because the study variables used ordinal responses and the normality assumption did
not hold. The Mann—Whitney U method was used for significance testing among two
independent groups while Kruskal-Wallis H test was applied among three or more independent
groups in the study. The alpha level of significance was set to 0.05., the lower p-value than
0.05 represented significant statistic results and the p-value equal to or above 0.05 indicated
no significant statistic difference. The interpretation of the correlation results were based on

its strength and directional relationship rather than assuming a causation.

3.5. Research Ethics

Approval was received from the institutional ethics committee prior to the collection
of data for the research. Information regarding the purpose and how the study will be carried
out was explained properly to the participants, and informed consent was collected voluntarily.
The participants were told that they had the right to withdraw from the research at any point of
time without any penalty. Data was collected at convenient times for the participants and there
was no personal identifying information in the data file. Responses were coded and secured

for confidentiality and privacy reasons.

4. Findings and Discussion

Table 3 shows the mean scores, standard deviations, and descriptive ratings for these

early-stage management procedures.
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Table 3

Farm management practices

Practices Mean SD Interpretation
Stage 1: Pond Preparation 3.82 0.18 Always
Stage 2: Stocking and Culture 3.90 0.17 Always
Stage 3: Harvesting and Post Harvesting 3.97 0.10 Always

Legend: 3.25 — 4.00 Always; 2.50 — 3.24 Often; 1.75 — 2.49 Sometimes; 1.00 — 1.74 Never

Pond preparation practices were consistently applied. Full pond drying (M = 3.96) and
checking the water source (M = 3.95) were among the most frequently practiced activities,
while liming (M = 3.77) and fertilization (M = 3.51) received slightly lower ratings (see
Appendix A). Operators generally follow basic pond-preparation practices, although some
activities may depend on available resources and local conditions. Similar resource constraints
have been reported in Philippine smallholder aquaculture (Densing & Matutes, 2025). During
stocking and culture, operators consistently followed key practices, particularly acclimatizing
fingerlings (M = 3.99) and selecting healthy stocks (M = 3.98). Recommended stocking density
had the lowest mean (M = 3.71, SD = 0.56) (see Appendix A). Kolek and Irnazarow (2022)
noted that improvements in pond productivity can be supported through appropriate production
technologies, including better use of pond resources, aeration, and diversification of culture
practices. In the present study, the consistently high ratings for stocking, feeding, and water-
management practices indicate that operators already apply basic management measures, while
more advanced technologies may provide additional opportunities for improving productivity.

Table 4 presents the practical risk management measures used by the operators to

reduce environmental hazards.

Table 4

Resilience strategies deployed in fishpond operations

Strategies M SD Interpretation
Stage 1: Preventive Strategies 3.48 0.24 Always
Stage 2: Adaptive Strategies 3.47 0.25 Always
Stage 3: Transformative / Long-Term Strategies 3.21 0.57 Often

Legend: 3.25 — 4.00 Always; 2.50 — 3.24 Often; 1.75 — 2.49 Sometimes; 1.00 — 1.74 Never
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Operators commonly used preventive measures that were relatively simple and
affordable, particularly seasonal farm calendars (M = 3.92) and the use of more resilient fish
species (M = 3.88). Regular water replenishment was less common (M =2.08, SD =0.91) (see
Appendix B). The low rating for water replenishment may reflect the practical limitations of
managing water availability in small-scale ponds. Tiwari et al. (2024) showed that affordable
monitoring technologies can help farmers track important water-quality conditions such as
temperature, turbidity, and pH. Such tools could complement the practices already used by
operators and help them identify changes in pond conditions earlier.

Operators mainly relied on adjustments that could be made within their existing farm
systems. The most commonly practiced measures were using alternative water sources or
aeration (M = 3.97) and adjusting feeding schedules (M = 3.90). In contrast, temporary
harvesting or transferring fish was rarely practiced (M = 1.49) (see Appendix B). Mwangi et
al. (2024) similarly found that small-scale fish farmers used practical measures such as topping
up pond water and providing shade to cope with climate-related changes, while limited funds,
skills, and water resources constrained their options.

Operators relied most on lessons learned from previous disruptions (M = 3.91) and
recovery planning (M = 3.77). In contrast, collaboration with research institutions or experts
was the least practiced strategy (M = 2.49) (see Appendix B). Macusi et al. (2024) similarly
examined resilience among fishing communities in Surigao del Sur in terms of preparedness,
coping, and adaptation. Although their study involved coastal fishing communities rather than
inland fishponds, it provides a useful Philippine context for understanding resilience as a
combination of actions taken before, during, and after environmental disturbances. Pham and
Saizen (2023) also found that adaptation strategies can differ according to producers’
circumstances and available resources.

Table 5 presents the environmental disruptions experienced by fishpond operators in
terms of climate-related disturbances. The high ratings show that climate-related disturbances
are a serious concern among the operators. Strong winds and typhoons received the highest
mean (M =4.99, SD = 0.10), followed by floods and heavy rainfall (M =4.67, SD = 0.73) (see
Appendix C). This finding is in line with previous studies showing that climate-related hazards
can pose challenges to small-scale aquaculture, especially when farmers have limited resources

and protective facilities (Brugere et al., 2023; Formento et al., 2023; Tran et al., 2022).
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Table 5

Environmental disruptions experienced by fishpond operators

Indicators Mean SD Interpretation
Stage 1: Climate-Related Disturbances 491 0.15 Strongly Agree
Stage 2: Water and Soil Quality Disruptions 4.77 0.26 Strongly Agree
Stage 3: Operational and Production Impacts 4.84 0.17 Strongly Agree

Legend: 4.20 — 5.00 Strongly Agree; 3.40 — 4.19 Agree; 2.60 — 3.39 Neutral; 1.80 — 2.59 Disagree; 1.00 — 1.79
Strongly Disagree

Water and soil quality disruptions were also strongly experienced by the operators, with
an overall weighted mean of 4.77 (Strongly Agree). Stagnant water or poor drainage associated
with ammonia buildup received the highest rating (M = 4.96, SD = 0.20), followed by water
contamination associated with fish disease and mortality (M = 4.94, SD = 0.28). Waste
discharge from surrounding areas received the lowest mean (M = 4.41, SD = 0.53), although
the relatively larger standard deviation suggests greater variation in operators’ experiences (see
Appendix C). The predominance of earthen and semi-intensive systems in the study area
provides an important operational context for these environmental concerns. The findings also
point to the importance of water availability and pond condition in maintaining aquaculture
operations. Kanazoe et al. (2025) found that water insufficiency and pond degradation were
among the concerns affecting farmers’ willingness to integrate fish farming into water-
harvesting ponds. This supports the need for practical water-management measures that are
suited to the conditions and resources of small-scale operators.

Environmental disruptions placed considerable financial and operational pressure on
the fishpond operators, as reflected in the overall mean of 4.84 (SD = 0.17). Financial losses
and reduced profitability received the highest rating (M = 4.98), followed by water scarcity
during drought (M = 4.97). Reduced fish production had the lowest mean (M = 4.57),
indicating that the effects on production were not the same across all farms (see Appendix C).
Ragasa et al. (2022) similarly found that good aquaculture practices were associated with
higher productivity and positive farm returns among pond farmers, while difficulties in
accessing inputs and markets affected competitiveness and resilience.

The operators’ available resources also provide an important context for these findings.
Most relied on personal savings (89%) and used semi-intensive earthen ponds (97%). They

reported reduced fish survival (M = 4.88), lower carrying capacity (M = 4.82), and less
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predictable harvest schedules (M =4.90) as important effects of environmental disruptions (see
Appendix C). Similar challenges involving infrastructure, monitoring technologies, and
financial support have been reported in small-scale aquaculture (Formento et al., 2023; Kanwal
etal., 2024; Maulu et al., 2024). Macusi et al. (2022) also reported climate-related vulnerability
among small-scale shrimp farms in the Philippines.

Table 6 shows the comparison of perceived operational effects and resilience measures

among various demographic categories of operators and operational profiles.

Table 6
Test of significant differences in operational and production impacts and management and resilience strategies

when grouped according to respondents’ profiles

Operational Impacts Management & Resilience

Strategies
Profile Mean H P Mean H
Mean rank value/ value Mean rank value/ value
U static U static
Sex
Male 3.89  50.26 342  49.55
Female 581.5 0.834 346 5632 520.5 0.415
Age
18-25 3.86 43.25 3.17 14
26-35 390 48.57 346 5557
36-45 3.89 51.72 3.722 0.445 346 51.36 4.155 0.385
46-55 3.86 43.24 3.39 47.2
56 and above 393 58.59 344 52.89
Civil Status
Single 3.89 4925 345  57.69
Married 3.89  50.33 341 49.11
Widowed 398  86.25 3.648 0.302 3.38 4425 1.433 0.698
Separated 3.90 41.5 379  47.63
Educational Attainment
Elementary 393  57.75 346  57.08
High School 3.88  44.78 339  45.64
College 390 53.86 3.157 0.532 345 5339 2.007 0.734
Postgraduate 391 5175 346  48.63
Vocational 3.88 30 3.42 40.5
Years in fishpond operation
Less than 5 3.88  44.89 342 4593
5-10 391 56.2 345 58.18
11-15 386 2525 196 02T 54 435 4377 0224
16 and above 396  73.33 343 4542
Position/Role in fishpond operation
Owner 390 50.86 345 5244
Manager 389 4905 1 079 356 4pgs 64 0079
Monthly Income
Below 5,000.00 391 54.77 349  62.81
5,001-10,000 3.85 39.72 336  42.16
10,001-15,000 3.88  48.05 3.841 0.279 342  45.13 9.949 0.193

15,001 above 391  54.86 3.40 43.5
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Operational Impacts Management & Resilience

Strategies
Profile Mean H P Mean H
Mean rank value/ value Mean rank value/ value
U static U static
Membership to farmer association/cooperative
Yes 390 53.93 3.47 60.5
No 380 4848 1038.5 0.352 340 44.63 795.5 0.708
Size of fishpond area (per range)
Small scale 3.88 50.52 349 51.19
Medium scale 391 5448 6.328 0422 343 5343 3.875 0.144
Large scale 3.85  33.39 334  36.64
Farming system
Pond 3.89 50.77 343 50.66
Cage 3.92 47.5 0.558 0.756  3.46 57.5 1.169 0.557
Tank 3.88 30 3.33 21
Culture method
Extensive (natural food only) 3.88 3.33
Semi-intensive (natural food — 3q9 3 (501 0479 343 20 1103 0294
and commercial feed)
Others 3.98 49.7 3.36 49.8
Scale of production/capacity
Small scale 3.89  52.79 3.50  51.71
Medium scale 390 5381 6.666 0.361 343 5359 4.787 0.091
Large scale 3.85 33.17 3.34 35.6
Source of capital
Personal savings 3.89  48.21 343  48.38
Bank loan 3.92 494 3.30 32
Cooperative 384 22 099 0619 auy gy 4545 0103
Others 3.87 3.45
Source of technical or extension support
Local government
(Ml'mlclpal/provmmal 3.90 345 1045 0.367 3.46 34.5 104 0367
agricultural office)
None 3.89 0 3.37 0

Legend: = significant at 0.01 level; * = significant at 0.05 level

The results show no statistically significant differences in perceived operational
impacts and management and resilience strategies across the operator and operational
characteristics examined (all p > 0.05). The observed patterns were relatively similar across
the groups included in the study. The similarity may be associated with the common
operational conditions of the respondents, including the predominance of earthen ponds,
reliance on personal financing, and varying levels of access to technical support. However,
these factors should be viewed as contextual explanations rather than established causes of the
observed similarities.

The interventions may be more useful when they address common constraints shared

by operators rather than relying solely on programs targeted to particular demographic groups.
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Access to shared equipment, technical training, affordable inputs, and appropriate extension
services may provide practical opportunities for operators to strengthen their resilience. This
emphasis on shared constraints is consistent with the broader literature on farm resilience. Pret
et al. (2025) noted that resilience among smallholder farms is shaped by attributes such as
available reserves, diversity, connectivity, and the capacity to adjust to climatic risks. They
also emphasized the importance of examining farm-level constraints and institutional support
when designing resilience measures. In the present study, the support programs may be more
useful when they address common operational needs rather than focusing only on particular
demographic groups.

Table 7 contains the Spearman’s rho correlation for farm management practices,
resilience measures, and environmental disruptions such as climate, water, and operational

disruptions.

Table 7

Correlations among farm management practices, resilience strategies, and environmental disruptions

Environmental Disruption

Climate Water Operational
Spearman's rho -0.144 0.072 -0.07
Pond Preparation Sig. (2-tailed) 0.152 0.477 0.487
N 100 100 100
Spearman's rho 0.134 -0.063 -0.125
Post Harvesting Sig. (2-tailed) 0.185 0.531 0.214
N 100 100 100
Resilience Strategies - Spearmag's rho 232% -.251*% -0.02
Preventive Sig. (2-tailed) 0.02 0.012 0.84
N 100 100 100
Resilience Strategies - Spearmag's rho -0.085 -.209* 0.144
Adaptive Sig. (2-tailed) 0.403 0.037 0.153
N 100 100 100
Resilience Strategies - Spearmag's rho 0.041 299%* 0.107
Transformative Sig. (2-tailed) 0.682 0.003 0.288
N 100 100 100

Note: *. Correlation is significant at the 0.05 level (2-tailed); Correlation is significant at the 0.01 level (2-
tailed). Statistical tool used: Spearman rho.

The results show that environmental disruptions were significantly associated with
selected resilience strategies, although the relationships were generally weak. Preventive

strategies had a weak positive association with climate disruptions (p = 0.232, p = 0.020) and
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a weak negative association with water and soil quality disruptions (p = —0.251, p = 0.012).
Adaptive strategies also had a weak negative association with water and soil quality disruptions
(p=-0.209, p = 0.037), while transformative strategies showed a weak positive association (p
=0.299, p = 0.003). These results indicate association rather than causation because the study
used a cross-sectional correlational design. Similar patterns have been reported among small-
scale pond-based fish farmers in the Philippines, where climate-related risks were linked with
different risk-management practices (Formento et al., 2023).

The absence of significant relationships between environmental disruptions and pond
preparation and post-harvest activities suggests that these routine practices remained relatively
consistent despite environmental challenges. Operators appeared to rely mainly on measures
that could be carried out within their available resources. Improved access to technical
guidance, shared equipment, affordable inputs, and institutional support may provide

additional options for responding to unfavorable water and weather conditions.

5. Conclusion

The study found that fishpond operators in Quirino Province generally maintained
regular farm management practices and used preventive and adaptive strategies to respond to
environmental disruptions, while transformative strategies were used less frequently.
Significant but weak relationships were found between selected environmental disruptions and
resilience strategies. In addition, the environmental conditions are associated with some
resilience responses, but they do not establish that environmental disruptions directly cause or
determine operators’ decisions. However, it should be considered that sampling of 100
operators, the cross-sectional design, and the use of self-reported data limit the generalizability
of the results.

The findings have practical implications for local aquaculture support. The reported
environmental challenges, together with operators’ reliance on their own resources, point to
the need for accessible technical assistance, appropriate production technologies, affordable
inputs, and financing options. Extension programs may give greater attention to water and soil
management, disaster preparedness, and longer-term farm planning. Local government and
other support agencies may also consider training, shared equipment, and financing

mechanisms that can help small-scale operators strengthen their capacity to respond to
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environmental disruptions. These measures should be designed according to the actual
conditions and resources of inland fishpond operators rather than assuming that all operators
face the same needs.

The study adds local evidence on how farm management and different resilience
strategies are related to environmental disruptions in small-scale inland fishpond operations.
The findings provide a basis for strengthening local aquaculture support while also pointing to
the need for further research that can examine other factors influencing operators’ decisions

and resilience over time.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was not supported by any funding.

Institutional Review Board Statement
This study was conducted in accordance with the ethical guidelines set by Wesleyan
University-Philippines. The conduct of this study has been approved and given relative

clearance(s) by Wesleyan University-Philippines.

Al Declaration

The author declares the use of Artificial Intelligence (Al) in writing this paper. In particular,
the author used Quilbot in searching and summarizing key points and paraphrasing ideas. The
author takes full responsibility in ensuring proper review and editing of contents generated

using Al

ORCID
Resty V. Gumuwang — https://orcid.org/0009-0000-1352-2586
Ali G. Mamaclay — https://orcid.org/0000-0003-0730-2506



https://orcid.org/0009-0000-1352-2586
https://orcid.org/0000-0003-0730-2506

ISSN 2719-0617 (Print) 2719-0625 (Online) | 41

References

Abisha, R., Krishnani, K. K., Sukhdhane, K., Verma, A. K., Brahmane, M., & Chadha, N. K.
(2022). Sustainable development of climate-resilient aquaculture and culture-based
fisheries through adaptation of abiotic stresses: A review. Journal of Water and Climate
Change, 13(7),2671-2689. https://doi.org/10.2166/wcc.2022.045

Ahmed, F., Luyten, W., & Paeshuyse, J. (2025). Disease management and biosecurity adoption
status in finfish aquaculture: Insights from Bangladesh. Aquaculture International, 33,
184. https://doi.org/10.1007/s10499-025-01857-5

Bargo, P. J., Janaban, A. A., & Martir, E. M. (2025). Management strategies, sustainability
practices and resiliency in the fish farm industry. International Journal of Science and
Management Studies, 8(5), 41-61. https://doi.org/10.51386/25815946/ijsms-v8i5p103

Brugere, C., Bansal, T., Kruijssen, F., & Williams, M. (2023). Humanizing aquaculture
development: Putting social and human concerns at the center of future aquaculture
development. Journal of the World Aquaculture Society, 54(2), 482-526.
https://doi.org/10.1111/jwas.12959

Densing, L. A., & Matutes, H. E. (2025). Enhancing Smallholder Aquaculture in Philippine
Peatlands: Challenges, Opportunities, and Nature-Based Solutions in the Leyte Sab-a
Basin. Journal of Environmental & Earth Sciences.
https://doi.org/10.30564/jees.v7i18.10047

Formento, C. Z. D., Dulaca, M. N. M. B., Rojas-Salinas, A., & Cortes, J. R. (2023). Climate-
related risk management practices in pond-based tilapia culture: A case study of the
small-scale fish farmers of Agusan del Sur, Philippines. BIO Web of Conferences.
https://doi.org/10.1051/bioconf/20237401014

Kanazoe, M. F., Keita, A., Yamegueu, D., Konaté, Y., Sawadogo, B., & Boubé¢, B. (2025).
Integrating Fish Farming into Runoff Water Harvesting Ponds (RWHP) for Sustainable
Agriculture and Food Security: Farmers’ Perceptions and Opportunities in Burkina
Faso. Sustainability. https://doi.org/10.3390/sul1 7030880

Kanwal, S., Abdullah, M., Kumar, S., Arshad, S., Shahroz, M., Zhang, D., & Kumar, D.
(2024). An optimal Internet of Things-driven intelligent decision-making system for
real-time fishpond water quality monitoring and species survival. Sensors, 24(23),
Article 7842. https://doi.org/10.3390/s24237842

Kolek, L., & Irnazarow, 1. (2022). Modifications in aquaculture technology for increasing
fishpond’s primary productivity in temperate climatic conditions. Journal of Water and
Land Development, 54, 210-219. https://doi.org/10.24425/jw1d.2022.141574

Kurekin, A. A., Miller, P. L., Avillanosa, A. L., & Sumeldan, J. D. C. (2022). Monitoring of
coastal aquaculture sites in the Philippines through automated time series analysis of
Sentinel-1 SAR images. Remote Sensing, 14(12), 2862.
https://doi.org/10.3390/rs14122862

Lopez, A.J. M., Huervana, F. H., & Ranque-Balucos, C. M. (2026). Milkfish aquaculture as a
regional bioeconomic system: Production, governance, and sustainability in the Davao
Region. Frontiers in Marine Science, 13, 1791375.
https://doi.org/10.3389/fmars.2026.1791375

Macusi, E. D., Albarido, N. A., Clapano, M. B., & Santos, M. D. (2022). Vulnerability
assessment of Pacific whiteleg shrimp (Penaeus vannamei) farms and vendors in
Davao,  Philippines  using  FishVool.  Sustainability, 14(8),  4541.
https://doi.org/10.3390/su14084541



https://doi.org/10.2166/wcc.2022.045?utm_source=chatgpt.com
https://doi.org/10.1007/s10499-025-01857-5
https://doi.org/10.51386/25815946/ijsms-v8i5p103
https://doi.org/10.1111/jwas.12959?utm_source=chatgpt.com
https://doi.org/10.30564/jees.v7i8.10047
https://doi.org/10.1051/bioconf/20237401014
https://doi.org/10.3390/su17030880
https://doi.org/10.3390/s24237842?utm_source=chatgpt.com
https://doi.org/10.24425/jwld.2022.141574
https://doi.org/10.3390/rs14122862
https://doi.org/10.3389/fmars.2026.1791375
https://doi.org/10.3390/su14084541

42 | International Journal of Academe and Industry Research, Volume 7 Issue 3

Macusi, E. D., Estor, D. E. P., Borazon, E. Q., Clapano, M. B., & Santos, M. D. (2022).
Environmental and socioeconomic impacts of shrimp farming in the Philippines: A
critical analysis using PRISMA. Sustainability, 14(5), 2977.
https://doi.org/10.3390/su14052977

Macusi, E. D., Laya-Og, M. E., Maynawang, 1. S., & Macusi, E. S. (2024). Fisher's resilience:
Preparedness, coping capacity, and adaptation capacity in Surigao del Sur, Philippines.
Human Ecology, 52(1), 41-50. https://doi.org/10.1007/s10745-023-00472-3

Manlosa, A. O., Albrecht, J., & Riechers, M. (2023). Social capital strengthens agency among
fish farmers: Small scale aquaculture in Bulacan, Philippines. Frontiers in
Aquaculture, 2, 1106416. https://doi.org/10.3389/faquc.2023.1106416

Maulu, S., Hasimuna, O. J., Chibesa, M., Bbole, 1., Mphande, J., Mwanachingwala, M.,
Nawanzi, K., Chibeya, D., Siavwapa, S., Mbewe, J., Namukonda, L., Balungu, F.,
Mumbula, 1., Kabika, M., Mweemba, S., Sikanyenyene, M., Siankwilimba, E.,
Imbwae, 1., & Mweetwa, H. M. (2024). Perceived effects of climate change on
aquaculture production in Zambia: Status, vulnerability factors, and adaptation
strategies. Frontiers in Sustainable Food Systems.
https://doi.org/10.3389/fsufs.2024.1348984

Mwangi, J., Maina, J., Gachuiri, C., Wahome, R., & Waruiru, R. (2024). Management
practices, farmers’ perceptions and coping strategies and challenges to climate change
in integrated fish farms in Kenya. East African Journal of Science, Technology and
Innovation. https://doi.org/10.37425/tdd4d087

Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S. R., Cao, L., Klinger, D. H., Little,
D. C., Lubchenco, J., Shumway, S. E., & Troell, M. (2021). A 20-year retrospective
review of global aquaculture. Nature, 591, 551-563. https://doi.org/10.1038/s41586-
021-03308-6

Partelow, S., Asif, F., Béné, C., Bush, S., Manlosa, A. O., Nagel, B., Schliiter, A., Chadag, V.
M., Choudhury, A., Cole, S. M., Cottrell, R. S., Gelcich, S., Gentry, R., Gephart, J. A.,
Glaser, M., Johnson, T. R., Jonell, M., Krause, G., Kunzmann, A., ... Turchini, G. M.
(2023). Aquaculture governance: Five engagement arenas for sustainability
transformation. Current Opinion in Environmental Sustainability, 65, 101379.
https://doi.org/10.1016/j.cosust.2023.101379

Pham, T. L., & Saizen, 1. (2023). Coastal fishers’ livelihood adaptations to extreme weather
events: An analysis of household strategies in Quang Ngai Province, Vietnam.
Humanities and Social Sciences Communications, 10, 759.
https://doi.org/10.1057/s41599-023-02263-z

Pret, V., Falconnier, G. N., Affholder, F., Corbeels, M., Chikowo, R., & Descheemacker, K.
(2025). Farm resilience to climatic risk: A review. Agronomy for Sustainable
Development, 45(1), 10. https://doi.org/10.1007/s13593-024-00998-w

Ragasa, C., Agyakwah, S. K., Asmah, R., Mensah, E. T., Amewu, S., & Oyih, M. (2022).
Accelerating pond aquaculture development and resilience beyond COVID: Ensuring
food and jobs in Ghana. Aquaculture, 547, 737476.
https://doi.org/10.1016/j.aquaculture.2021.737476

Tahiluddin, A. B., Bornales, J. C., Limbaro, G. R. A., et al. (2025). Environmental impacts of
aquaculture in the Philippines. Israeli Journal of Aquaculture - Bamidgeh, 77(2), 51—
81. https://doi.org/10.46989/001¢.133778

Tiwari, S., Kushwah, A., Kumar, S., Singh, 1., Nag, R. H., Bhagat, P., & Yadav, R. (2024).
Innovation of a low-cost water quality monitoring system in aquaculture ponds.



https://doi.org/10.3390/su14052977
https://doi.org/10.1007/s10745-023-00472-3
https://doi.org/10.3389/faquc.2023.1106416
https://doi.org/10.3389/fsufs.2024.1348984
https://doi.org/10.37425/tdd4d087
https://doi.org/10.1038/s41586-021-03308-6?utm_source=chatgpt.com
https://doi.org/10.1038/s41586-021-03308-6?utm_source=chatgpt.com
https://doi.org/10.1016/j.cosust.2023.101379
https://doi.org/10.1057/s41599-023-02263-z
https://doi.org/10.1007/s13593-024-00998-w
https://doi.org/10.1016/j.aquaculture.2021.737476
https://doi.org/10.46989/001c.133778

ISSN 2719-0617 (Print) 2719-0625 (Online) | 43

Journal  of  Scientific  Research  and  Reports, 3009), 616-623.
https://doi.org/10.9734/jsr1/2024/v30192389

Tran, N., Chan, C. Y., Aung, Y. M., Bailey, C., Akester, M., Cao, Q. L., Trinh, T. Q., Hoang,

C. V., Sulser, T. B., & Wiebe, K. (2022). Foresighting future climate change impacts
on fisheries and aquaculture in Vietnam. Frontiers in Sustainable Food Systems, 6,
829157. https://doi.org/10.3389/fsufs.2022.829157

Troell, M., Costa-Pierce, B., Stead, S., Cottrell, R. S., Brugere, C., Farmery, A. K., Little, D.

C., Strand, A., Pullin, R., Soto, D., Beveridge, M., Salie, K., Dresdner, J., Moraes-
Valenti, P., Blanchard, J., James, P., Yossa, R., Allison, E., Devaney, C., & Barg, U.
(2023). Perspectives on aquaculture's contribution to the Sustainable Development
Goals for improved human and planetary health. Journal of the World Aquaculture
Society, 54(2), 251-342. https://doi.org/10.1111/jwas.12946

Troell, M., Naylor, R. L., Metian, M., Beveridge, M., Tyedmers, P. H., Folke, C., Arrow, K.

J.,Barrett, S., Crépin, A.-S., Ehrlich, P. R., Gren, A., Kautsky, N., Levin, S. A., Nyborg,
K., Osterblom, H., Polasky, S., Scheffer, M., Walker, B. H., Xepapadeas, T., & de
Zeeuw, A. (2014). Does aquaculture add resilience to the global food system?
Proceedings of the National Academy of Sciences of the United States of America,
111(37), 13257-13263. https://doi.org/10.1073/pnas. 1404067111

Yoshida, S. (2024). Impact of sustainability integrating environmental and social practices on

farm resilience: A quantitative study of farmers facing the post-COVID-19 economic
turbulence in Japan. Frontiers in Sustainable Food Systems, 8, 1341197.
https://doi.org/10.3389/fsufs.2024.1341197



https://doi.org/10.9734/jsrr/2024/v30i92389
https://doi.org/10.3389/fsufs.2022.829157
https://doi.org/10.1111/jwas.12946?utm_source=chatgpt.com
https://doi.org/10.1073/pnas.1404067111
https://doi.org/10.3389/fsufs.2024.1341197

44 | International Journal of Academe and Industry Research, Volume 7 Issue 3

Appendices
Appendix A
Farm management practices
Indicators Mean SD Interpretation
Stage 1: Pond Preparation
I dry the pond completely before stocking. 3.96 0.32 Always
I apply lime to condition the pond soil. 3.77 0.45 Always
I fertilize the pond to enhance natural food production. 3.51 0.5 Always
I remove or control predators and unwanted species before
stocking. 3.82 0.39 Always
I repair dikes, gates, and water control structures prior to stocking
to avoid water leakage. 3.88 0.33 Always
I ensure that the pond bottom is leveled with a slight slope to
facilitate easier harvesting. 3.8 0.4 Always
I allow sufficient time for natural food organisms (like plankton)
to develop before stocking. 3.83 0.38 Always
I check the water source to ensure that it is clean and
uncontaminated before pond filling. 3.95 0.22 Always
Overall Weighted Mean 3.82 0.18 Always
Stage 2: Stocking and Culture
I select healthy and uniform fingerlings or fry. 3.98 0.14 Always
I acclimatize fingerlings / fry before releasing them into the pond. 3.99 0.1 Always
I follow recommended stocking densities. 3.71 0.56 Always
I provide supplemental feeding on a regular schedule. 391 0.29 Always
I monitor water quality (pH, dissolved oxygen, temperature). 3.89 0.31 Always
I observe the fish for any signs of disease or abnormal behavior,
such as gasping at the surface, bloated bodies, or light-colored or
pale appearance. 3.93 0.26 Always
I regularly remove aquatic weeds or debris from the pond. 3.86 0.35 Always
I maintain proper water depth and flow throughout the culture
period. 3.89 0.31 Always
Overall Weighted Mean 3.9 0.17 Always
Stage 3: Harvesting and Post Harvesting
I sort and grade fish during harvest. 4 0 Always
I use proper methods to minimize stress and injury to fish during
harvest. 3.94 0.24 Always
I immediately store harvested fish properly in aerated container
before marketing. 3.99 0.1 Always
I clean the pond and remove sludge after harvest, but this is only
done when the pond is dirty. Pond cleaning is usually performed
through sun-drying and lime application. 3.91 0.29 Always
I record production, feed usage, and survival rates after each
cycle. 3.96 0.2 Always
I plan harvesting schedules based on market demand and fish size. ~ 3.99 0.1 Always
I properly dispose of pond waste to prevent environmental
contamination. 3.96 0.2 Always
I evaluate overall performance after harvest to maintain or
improve the next production cycle. 3.98 0.14 Always
Overall Weighted Mean 3.97 0.1 Always
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Appendix B

Resilience strategies deployed in fishpond operations

Indicators M SD Interpretation
Stage 1: Preventive Strategies
I regularly monitor and test the water quality of my fishpond. 3.55 0.5 Always
I clean and maintain pond facilities to prevent damage during
extreme weather. 3.58 0.5 Always
I strengthen pond dikes and gates before the rainy or typhoon
season. 3.34 0.52 Always
I replenish my pond water once every week or every two weeks to
discharge toxins like ammonia,nitrate and excess feeds. 2.08 0.91 Often
I use organic or eco-friendly feeds and fertilizers. 3.83 0.43 Always
I inspect and repair pond structures regularly to prevent leakage and
overflow. 3.66 0.5 Always
I stock more resilient fish species that can tolerate environmental
stress. 3.88 0.33 Always
I create a farm calendar that considers seasonal and weather
patterns. 3.92 0.27 Always
Overall Weighted Mean 3.48 0.24 Always

Stage 2: Adaptive Strategies
I adjust feeding schedules or reduce feed quantity during hot or

rainy days. 3.9 0.33 Always
I practice polyculture to mitigate losses from environmental

changes. 3.36 0.88 Always
I use alternative water sources or aeration systems during drought

or low oxygen. 3.97 0.17 Always
I modify my stocking density depending on environmental

conditions. 3.85 0.39 Always
I coordinate with other fish farmers during crises for sharing

resources or information. 3.49 0.56 Always
I store emergency tools or backup systems (e.g., generator, water

pumps) for critical times. 3.86 0.38 Always
I use weather forecasts to guide pond management decisions. 3.86 0.38 Always
I temporarily harvest or transfer fish to other culture system when

water conditions worsen. 1.49 0.76 Never

Overall Weighted Mean 3.47 0.25 Always

Stage 3: Transformative / Long-Term Strategies
I attend training or seminars on sustainable aquaculture and disaster

preparedness. 2.6 0.67 Often
I coordinate with government offices for technical or financial

assistance during calamities. 3.15 0.95 Often
I adopt new technologies to improve pond resilience and

productivity. 3.22 0.54 Often
I keep detailed records of environmental events and their effects on

production. 3.76 0.43 Always
I develop a recovery plan to restore pond operations after disasters. 3.77 0.62 Always
I participate in community programs that strengthens aquaculture

sustainability. 2.74 0.6 Often
I apply lessons learned from past disruptions to improve future

operations. 391 0.35 Always
I maintain collaboration with research institutions or experts to

enhance long-term resilience. 2.49 0.52 Sometimes

Overall Weighted Mean 3.21 0.57 Often
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Appendix C

Environmental disruptions experienced by fishpond operators

Indicators Mean SD VD
Stage 1: Climate-Related Disturbances
Sudden changes in temperature affect the growth and survival of my
cultured fish. 4.86 0.4 Strongly Agree
My fishpond operation is frequently affected by floods or heavy
rainfall. 4.67 0.73 Strongly Agree
Long dry seasons or droughts cause water shortage in my pond. 4.96 0.2 Strongly Agree
Strong winds and typhoons cause physical damage to my pond
structures. 4.99 0.1 Strongly Agree
Prolonged rainfall results in overflow or loss of fish stock. 4.96 0.2 Strongly Agree
Intense heat during summer reduces oxygen levels in pond water. 4.96 0.2 Strongly Agree
Temperature fluctuations affect the feeding and breeding of fish. 494  0.24 Strongly Agree
Extreme weather conditions delay my regular fish farming operations. 4.96 0.2 Strongly Agree
Overall Weighted Mean 4.91 0.15 Strongly Agree
Stage 2: Water and Soil Quality Disruptions
Water pollution from nearby farms or households affects the quality of
my pond water. 4.67 0.51 Strongly Agree
Waste discharge from surrounding areas affects my fishpond
ecosystem. 4.41 0.53 Strongly Agree
Soil erosion around the pond affects pond water turbidity and quality. 4.72 0.49 Strongly Agree
Chemical runoff from nearby agriculture contaminates pond water. 4.77 0.42 Strongly Agree
Algal blooms frequently occur in my pond during extreme weather. 4.8 0.4 Strongly Agree
Accumulated sludge and waste materials degrade water quality. 4.9 0.3 Strongly Agree
Poor drainage or stagnant water leads to foul odor due to ammonia
build up. 4.96 0.2 Strongly Agree
Water contamination causes fish diseases tending to fish mortality. 4.94 0.28 Strongly Agree
Overall Weighted Mean 4.77 0.26  Strongly Agree
Stage 3: Operational and Production Impacts
Environmental disturbances have reduced my average fish production
in recent years. 4.57 0.57 Strongly Agree
Unexpected algal blooms occur in my pond during extreme weather. 4.63 0.49 Strongly Agree
Poor water quality after rainfall leads to reduced fish survival. 4.88 0.33 Strongly Agree
Structural damages after storms increase my maintenance costs. 4.96 0.2 Strongly Agree
Water scarcity during drought affects feeding and growth cycles due to
fish stress. 4.97 0.17 Strongly Agree
Frequent climate events make scheduling of harvest unpredictable. 4.9 0.3 Strongly Agree
Sedimentation or soil runoff reduces pond depth and carrying capacity.  4.82 0.39 Strongly Agree
Environmental disruptions increase financial losses and reduce profit. 4.98 0.14 Strongly Agree
Overall Weighted Mean 4.84 0.17 Strongly Agree




