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— ABSTRACT

This study assessed the climate vulnerability of milkfish (Chanos chanos) aquaculture in Cardona,
Rizal, located in the central bay of Laguna de Bay, Philippines, using the Fisheries Vulnerability Assessment
Tool (FishVool). Focus group discussions were conducted with fourteen respondents, including fish pen
caretakers, aquaculture operators, municipal agriculture officers, and members of the Municipal Fisheries and
Aquatic Resources Management Council. Vulnerability was evaluated across three components: sensitivity,
exposure, and adaptive capacity, using indicator scores translated into categorical ranks following the FishVool
rubric. Results showed that sensitivity (mean score = 2.74), exposure (3.26), and adaptive capacity (3.37) were
all classified as Medium, resulting in an overall Medium vulnerability classification for milkfish aquaculture in
the study area. These findings indicate that while aquaculture households are not experiencing extreme climate
stress, they remain subject to recurring environmental pressures and structural constraints that limit more
robust adaptation. Although the assessment is site-specific to Cardona, the study demonstrates the utility of
FishVool as a practical framework for evaluating aquaculture vulnerability at the municipal level. The results
provide locally relevant insights that may support broader discussions on climate adaptation and aquaculture

resilience within Laguna de Bay.
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1. INTRODUCTION

( :limate change has emerged as one of the
most pressing global challenges affecting
fisheries and aquaculture systems. Increasingly

frequent and intense extreme weather events, shifts

in rainfall patterns, and rising temperatures alter
aquatic ecosystems and compromise the livelihoods of
communities dependent on aquatic resources (Brander

2010; Barange et al. 2018). In tropical countries such

as the Philippines, aquaculture is highly vulnerable to

these environmental fluctuations due to its reliance on
open water systems and limited capacity for climate-

resilient infrastructure (De Silva and Soto 2009).

Laguna de Bay, the largest freshwater

lake in the Philippines, covers approximately 900

km? with a volume of 3.2 billion cubic meters. It is

hydrologically complex, receiving inflow from around

100 tributaries and draining through the Napindan
Channel into Manila Bay (see Oledan 2001). The
lake has long served as a cornerstone of food security
and livelihoods, supporting capture fisheries and
aquaculture of commercially important species such
as milkfish (Chanos chanos), tilapia (Oreochromis
spp.), common carp (Cyprinus carpio), and bighead
carp (Hypophthalmichthys nobilis) (BFAR 2022).
However, the lake ecosystem is increasingly stressed by
climate variability, eutrophication, sedimentation, and
competing uses including navigation, water supply,
and agriculture (Santos-Borja and Nepomuceno
2006).

Milkfish aquaculture, in particular, plays a
central role in the regional economy. In 2022, milkfish
contributed 16.5% of the aquaculture production in
CALABARZON, with a substantial portion derived
from fish pens and cages in Laguna de Bay (BFAR


https://orcid.org/0009-0000-1939-1281
https://orcid.org/0009-0002-9551-8648
https://orcid.org/0000-0003-1991-6513
https://orcid.org/0000-0003-1129-4000

Cinco et al. / The Philippine Journal of Fisheries 33(2): in press

2022). Despite its economic importance, milkfish
production in the lake has declined markedly in
recent years, falling from 29,725.29 metric tons in
2019 to 12,575.11 metric tons in 2022 (BFAR 2022).
Contributing factors include fish Kkills associated
with deteriorating water quality, storm-induced
cage damage, and governance issues such as the
implementation of feed bans and aquaculture zoning
restrictions (Liu et al. 2021; Cuvin-Aralar 2016).

Fisherfolk from Laguna de Bay, especially
among those in its central bay, have a particular
focus on milkfish aquaculture. These communities
are doubly vulnerable: first, to the direct impacts
of climate-related disturbances such as typhoons,
flooding, and algal blooms; and second, to indirect
socioeconomic stresses including fluctuating income,
limited livelihood diversification, and constraints in
access to credit and technical support (Pham et al.
2021). Climate change adaptation, therefore, is not
only a matter of sustaining fish production but also of
protecting community resilience.

Vulnerability assessments provide
a structured way to evaluate how susceptible
aquaculture systems are to climate impacts (Patt et al.
2012). Several vulnerability assessment frameworks
have been developed for fisheries systems, including
VA-TURF and other indicator-based approaches
that integrate sensitivity, exposure, and adaptive
capacity (Mamaug et al. 2013; Fiissel and Klein 2006).
In the Philippines, the National Fisheries Research
and Development Institute (NFRDI) developed the
Fisheries Vulnerability Assessment Tool (FishVool)
to standardize vulnerability evaluations across fishery
and aquaculture systems (Aguila et al. 2021). FishVool
incorporates both biophysical and socioeconomic
indicators, making it suitable for assessing the
resilience of aquaculture-dependent communities in
Laguna de Bay.

This study applies FishVool to assess the
climate vulnerability of milkfish aquaculture in
Cardona, Rizal, from the central bay of Laguna de Bay.
The central bay includes six coastal municipalities,
but this study focused on Cardona as a case study,
due to its extensive fishpen and fishcage operations,
representation of multiple lakeshore communities
engaged in milkfish aquaculture, and its lakeshore
coverage which spans at least a third of central bay. For
this, we utilized FishVool to evaluate the sensitivity
of culture systems and households, their exposure
to weather-related disturbances, and the adaptive
capacity of aquaculture-dependent communities.
The study provides a localized yet policy-relevant

assessment of aquaculture vulnerability which aims to
inform lake-wide adaptation strategies, guide resource
managers and policymakers, and strengthen the
resilience of fisheries-dependent communities in the
face of climate change.

2. MATERTIAL AND METHODS
2.1 Study site

The central bay of Laguna de Bay, located
along the western and southern shoreline of Rizal
province, is bordered by the municipalities of
Binangonan, Cardona, Morong, Baras, Tanay,
Pililla, and Jalajala. This portion of the lake is widely
recognized as one of the primary aquaculture zones,
supporting extensive fishpen and fishcage operations,
particularly for milkfish (Chanos chanos). Since the
establishment of milkfish fishpens in the 1970s, the
central bay has become a focal area for production,
with Rizal province consistently contributing the
largest share of aquaculture yields in Laguna de Bay
(Israel 2008; Liu et al. 2021; Cuvin-Aralar 2016).
Despite this prominence, the fisheries of the central
bay face persistent challenges from eutrophication,
fish kills, aquaculture congestion, and climate-related
disturbances, all of which undermine both production
and fisherfolk livelihoods.

The decision to focus discussions in
Cardona is justified by its geographic, economic, and
institutional significance in the central bay of Laguna
de Bay. Cardona encompasses nearly one-third of the
central bay’s coastal perimeter and supports extensive
milkfish aquaculture through fish pens and cages.
It is classified as a third-class municipality with a
population of 50,143 (PSA 2020) and is historically
recognized as one of the municipalities where milkfish
aquaculture has been concentrated (Israel 2008; Liu et
al. 2021).

Focus Group Discussions (FGDs) were
conducted in Barangays Looc and Sampad, both of
which host active milkfish aquaculture operations
and represent distinct lakeshore settings within
the municipality (Figure 1). Participants included
leaders of the Rizal Province Fisheries and Aquatic
Resources Management Council (FARMC), staff
from various Municipal Agriculture Offices, as well as
milkfish aquaculture pen owners and pen caretakers.
These barangays were selected to capture variation
in aquaculture practices, livelihood dependence,
and local governance contexts relevant to climate
vulnerability assessment.
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Figure 1. Map of Laguna de Bay showing the coastal coverage of the Municipality of Cardona (brown), Rizal, located in the central bay. The
study sites include Barangays Looc (blue point) and Sampad (green point), where focus group discussions were conducted. Map prepared

using QGIS 4.0.2.

2.2 Vulnerability assessment framework

This study employed the Fisheries
Vulnerability Assessment Tool (FishVool), developed
by the National Fisheries Research and Development
Institute (NFRDI), to evaluate the climate vulnerability
of milkfish aquaculture. FishVool has been previously
applied to assess climate vulnerability in Philippine
fisheries sectors, including tuna and sardine systems,
demonstrating its applicability across diverse
production contexts (Jacinto et al. 2015; Aguila et
al. 2021). FishVool operationalizes vulnerability as a
function of three components:

1. Sensitivity (S) - the degree to which the
aquaculture system is affected by climate
variability, including changes in fish mortality,
growth, household reliance on fisheries, age
structure, and health conditions.

2. Exposure(E)-theextenttowhichaquaculture
systems, households, and communities are
subject to weather disturbances and other
climate-related hazards.

3. Adaptive Capacity (AC) - the ability of
aquaculture-dependent  households and
communities to adjust, cope, or recover,
measured through indicators such as
income diversification, awareness of climate
change, access to information, adoption of
adaptive strategies, literacy, culture practice
modifications, and availability of support
systems.

Each sub-component is rated by stakeholders
on a five-point scale (1-5), following the FishVool
scoring system. Composite scores are then calculated
for sensitivity, exposure, and adaptive capacity, which
are further integrated to yield an overall vulnerability
index (Aguila et al. 2021).

2.3 Data collection

Primary data were collected through
focus group discussions (FGDs) and key informant
interviews conducted from June to September
2024 (Fig. 2). A total of Fourteen respondents
participated, including caretakers (7) of fish pens
and cages, an aquaculture operator (1), members (3)
of the Municipal Fisheries and Aquatic Resources
Management Council (MFARMC), and staff (3) from
the Municipal Agriculture Office. Respondents were
selected purposively based on their direct involvement
in milkfish aquaculture and decision-making within
the local fishery sector. Their collective experience
provided a diverse perspective on aquaculture
operations and vulnerability in the central bay of
Laguna de Bay.

Before the FGDs, the objectives of the
study and the structure of the FishVool instrument
were explained to participants. Informed consent
was obtained from all respondents. The discussion
covered each indicator under the sensitivity, exposure,
and adaptive capacity components, with participants
assigning scores based on their experience and
community context.



Cinco et al. / The Philippine Journal of Fisheries 33(2): in press

Figure 2. Documentation highlights from a series of Focus Group Discussions (FGDs) as conducted by the (A) authors together with (B)
members of Cardona Municipal Agriculture Office and Fisheries and Aquatic Resources Management Council. Shown as well are activities
at a representative bangus fish farm (C) from the coastal community of Cardona (photo courtesy of John Albert Ponce).

2.4 Data analysis

The responses from focus group discussions
were encoded into the FishVool Excel workbook
(Aguila et al. 2021). The rubric definitions provided
in the manual were explained to respondents prior
to scoring to ensure a shared basis of interpretation.
For instance, a mortality rate of cultured fish of less
than 20% was scored as “1” (low sensitivity), while
a mortality rate of more than 80% was scored as “5”
(high sensitivity). Similar structured scales were
applied to growth rates, household dependence on
fisheries, health conditions, and other indicators.
It should be noted that the scoring process reflects
consensus-based stakeholder perception, consistent
with the intended application of FishVool, and may
therefore incorporate inherent subjectivity associated
with expert judgment.

After all individual scores were collected,
they were averaged across respondents to generate
sub-component means. These means were then
aggregated within each component (sensitivity,
exposure, and adaptive capacity) by computing
simple arithmetic averages across indicators. While
numerical scores provided the basis for calculating
component averages and vulnerability classifications,
qualitative narratives from focus group discussions

were used to contextualize and interpret these
results. Participants’ explanations and examples were
not quantified separately but served to explain the
conditions underlying assigned scores, such as reasons
for observed mortality levels, exposure to flooding,
or constraints in adopting adaptive measures. This
combined use of descriptive statistics and qualitative
insights follows the intended application of the
FishVool framework, where stakeholder perceptions
and experiences inform the scoring process and
support interpretation of vulnerability outcomes. The
resulting component score were then translated into
categorical ranks from the FishVool vulnerability rank
system (Table 1), with the following thresholds: Low
(£2.00), Medium (2.001 - 4.00), and High (> 4.001).
To determine overall vulnerability, FishVool
employs a cross-tabulation approach. First, sensitivity
and exposure were integrated to produce a Potential
Impact rating. This Potential Impact was then cross-
tabulated with Adaptive Capacity to derive the
final Vulnerability rating. This process ensures that
vulnerability reflects both the combined pressure of
sensitivity and exposure and the moderating effect
of adaptive capacity. This was then categorized into
levels of vulnerability (Low, Medium, High). Although
focus group discussions were conducted in multiple
barangays, results were analyzed collectively at the
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Table 1. Vulnerability Category Rank System of the Fisheries
Vulnerability Assessment Tool (FishVool) developed by DA-NFRDI.

Vulnerability Category Ave. Score
Low <2
Medium 2.001 - 4
High >4.001

municipal level to reflect shared governance structures
and aquaculture practices within Cardona. Qualitative
narratives from respondents were used to interpret
the scores, ensuring that numerical outputs were
grounded in local context and experiences. Following
the FishVool framework, sensitivity and exposure
were first integrated to determine Potential Impact,
which was then combined with adaptive capacity to
derive overall vulnerability using a cross-tabulation
approach.

3. RESULTS
3.1 Potential impact

Milkfish aquaculture in Cardona, Rizal
exhibited Medium sensitivity based on the FishVool
assessment (Table 2). Mean scores across sensitivity
indicators ranged from 2.11 to 3.22, all falling within

Table 2. Vulnerability indicators (Sensitivity, Exposure, Adaptive
Capacity) of milkfish aquaculture in Cardona, Rizal, of central bay
of Laguna de Bay, expressed as arithmetic averages.

Vulnerability Component A;zs‘r):;ge
Sensitivity
Mortality of cultured commodity (S1) 2.14
Growth of cultured commodity (S2) 3.00
Dependence on fishery resources (S3) 2.11
Household age structure (S4) 3.22
Health conditions (S5) 2.44
Exposure
Exposure of culture system to disturbances (E1) 2.78
Household site assessment (E2) 322
Community site assessment (E3) 3.78
Adaptive Capacity
Income from culture (AC1) 3.25
Awareness of climate change (AC2) 3.88
Access to information (AC3) 3.88
Adaptive strategies (AC4) 3.25
Literacy (AC5) 3.00
Modification of culture practices (AC6) 3.00
Community support systems and programs (AC7) 3.00

the Medium category under the FishVool rubric.
Respondents reported mortality levels corresponding
to a mean score of 2.14, while growth performance of
cultured milkfish was rated at a mean of 3.00, reflecting
generally stable production conditions. Dependence
on aquaculture as a household income source yielded
a mean score of 2.11, indicating moderate reliance on
fish farming relative to other livelihood activities. The
average household age structure (3.22) and reported
health conditions (2.44) also contributed to the overall
Medium sensitivity classification.

Exposure of milkfish aquaculture in Cardona,
Rizal was likewise classified as Medium (Table 2),
with mean scores ranging from 2.78 to 3.78 across
indicators. Exposure of culture systems to weather-
related disturbances was rated at a mean score of 2.78,
while household site exposure yielded a mean of 3.22.
Community-level exposure received a mean score of
3.78, reflecting more frequent or widespread impacts
of weather disturbances at the community scale.
When sensitivity (mean score = 2.74) and exposure
(mean score = 3.26) were integrated following the
FishVool framework, the resulting Potential Impact
classification of milkfish aquaculture in Cardona,
Rizal was classified as Medium.

3.2 Overall vulnerability

Although respondents reported relatively
strong awareness of climate change and broad access
to information, the overall adaptive capacity of
milkfish aquaculture households remained Medium
(mean score = 3.37) based on the FishVool assessment
(Table 2). Adaptive capacity of milkfish aquaculture
households in Cardona, Rizal was classified as
Medium, with indicator scores ranging from 3.00 to
3.88. Income derived from aquaculture contributed a
mean score of 3.25, indicating moderate dependence
supplemented by other livelihood activities. Awareness
of climate change and access to information both
yielded mean scores of 3.88, reflecting relatively strong
awareness and multiple information sources, though
these remained within the Medium category under
the FishVool rubric. Adaptive strategies, including
precautionary measures such as partial harvesting and
stock management, were rated at a mean score of 3.25.
Literacy levels and modification of culture practices
both received mean scores of 3.00, while community
support systems and programs related to climate
change adaptation also averaged 3.00.

Integration of Medium Potential Impact
with Medium Adaptive Capacity through the
FishVool cross-tabulation approach resulted in an
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overall classification of Medium vulnerability for
milkfish aquaculture in Cardona, Rizal (Table 3). This
classification reflects the combined effects of moderate
sensitivity and exposure alongside a moderate capacity
of households and communities to cope with and
adapt to climate-related stressors.

4. DISCUSSION

Milkfish aquaculture in Cardona exhibits
a pattern of moderate vulnerability, as reflected
by Medium rankings across sensitivity, exposure,
and adaptive capacity components. This profile
indicates that while aquaculture households are not
experiencing extreme climate stress, they remain
consistently exposed to ecological and climatic
pressures that challenge long-term sustainability.
Similar vulnerability patterns have been documented
in other Philippine aquaculture and fisheries
systems, where production persists despite recurring
environmental stress and institutional constraints (De
Silva and Soto 2009; Macusi et al. 2021; Asis Egar et
al. 2024). Comparable patterns have been synthesized
across fisheries and aquaculture systems globally,
where moderate vulnerability persists due to recurring
climate exposure and uneven access to adaptation
support (Shelton 2014).

The Medium sensitivity classification
observed in Cardona is shaped by multiple interacting
factors captured in the FishVool indicators.
Respondents described recurring fish mortality events
and episodic growth disruptions, which correspond to
moderate scores for mortality and growth indicators.
Although households reported continued engagement
in milkfish aquaculture, reliance on fish farming as a
sole income source was limited, resulting in a Medium
dependence score. Age structure and generally stable
health conditions further moderated sensitivity,
preventing extreme vulnerability at the household
level. These findings align with earlier assessments of
Laguna de Bay, which document persistent ecological
stress from eutrophication, fish kills, and aquaculture
congestion that elevates sensitivity without rendering
production systems non-viable (Santos-Borja and
Nepomuceno 2006; Macusi et al. 2021).

Exposure of milkfish aquaculture in Cardona
was likewise classified as Medium, reflecting the
combined effects of weather-related disturbances
at system, household, and community scales.
Respondents reported periodic exposure of culture
systems to storms and strong winds, while household-
level impacts such as flooding were described as
occasional rather than frequent. At the community
level, respondents noted more regular disruptions
linked to seasonal weather variability, resulting in
relatively higher, but still Medium, exposure scores.
Similar patterns have been observed in both inland
and coastal aquaculture systems in the Philippines,
where community-scale exposure often exceeds
household-level impacts due to shared infrastructure
and spatial concentration of production units (Roxas
et al. 2017; Pham et al. 2021; Asis Egar et al. 2024).

Adaptive capacity in Cardona remained
Medium, reflecting a balance between relatively strong
awareness of climate risks and persistent structural
constraints. Respondents demonstrated broad access
to climate-related information through multiple
sources and reported several adaptive practices,
such as partial harvesting and stock management.
However, limited financial capacity constrained
more capital-intensive adaptations, including cage
reinforcement and major modifications to culture
practices. Moderate literacy levels and the presence
of a small number of community support programs
further shaped adaptive capacity. Similar constraints
have been documented in aquaculture value chain
studies, where limited access to capital, services, and
institutional support restricts the ability of small-scale
producers to translate knowledge and awareness into
effective adaptive action (Kaplinsky and Morris 2000;
German and Catabay 2018). This pattern mirrors
findings from other Philippine aquaculture systems,
where knowledge and awareness do not automatically
translate into action due to financial and institutional
limitations (Jespersen et al. 2014; Asis Egar et al. 2024).

Beyond climate-related stressors, existing
literature highlights pollution as an additional factor
that may compound vulnerability in Laguna de Bay
aquaculture systems. Recent studies have documented
the presence of microplastics in lake waters and in

Table 3. Integration of sensitivity, exposure, potential impact, and adaptive capacity to derive overall vulnerability classification for milkfish

aquaculture in Cardona, Rizal, central bay of Laguna de Bay.

Component Ave. Score Interpretation Integration Step Assessment
Sensitivity (S) 2.74 Medium
Exposure (E) 3.26 Medium SxE - Potential Impact (PI)
Adaptive Capacity (AC) 3.37 Medium PI x AC > Vulnerability
Overall Vulnerability — — Final classification Medium
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milkfish production environments (Arcadio et al
2023; Felicitas et al. 2025). While pollution was not
directly scored under the FishVool assessment in this
study, these findings provide important context for
understanding cumulative pressures on aquaculture
sustainability and food safety (Lusher et al. 2017).

Social and gender dimensions represent
another important contextual factor influencing
aquaculture vulnerability. Previous studies indicate
that women play significant roles in processing, net
repair, and marketing within milkfish value chains,
yet often face limited access to ownership, credit,
and decision-making (Cruz-Talavera et al. 2018;
Jespersen et al. 2014). Although gender roles were
not explicitly assessed through FishVool indicators in
this study, integrating gender-responsive approaches
into aquaculture adaptation planning may enhance
household resilience and livelihood stability (German
and Catabay 2018; Zapata et al. 2023).

Governance structures play a central role in
shaping aquaculture vulnerability in Laguna de Bay.
Management of the lake involves multiple institutions,
including the Laguna Lake Development Authority
(LLDA), municipal governments, and Fisheries and
Aquatic Resources Management Councils (FARMCs).
While these structures provide a framework for zoning,
regulation, and stakeholder participation, previous
studies and respondent narratives suggest gaps in
enforcement, coordination, and access to technical
and financial support. These challenges are consistent
with broader findings on ecosystem-based adaptation,
where fragmented governance, limited institutional
coordination, and capacity constraints often hinder
the implementation of locally appropriate adaptation
strategies (Nalau et al. 2018). Strengthening alignment
between local governance mechanisms and lake-wide
management plans remains critical for translating

climate awareness into effective adaptation.

The Medium vulnerability classification
suggests that climate adaptation efforts should
focus on reducing fish mortality risks, improving
preparedness for extreme weather events, and
strengthening institutional support for aquaculture
households (Table 4). Priority interventions include
establishment of fish kill early warning systems,
routine water quality monitoring in major fishpen
areas, development of pre-typhoon harvest and cage
protection protocols, expansion of fisheries insurance
and emergency assistance programs, and integration of
climate adaptation measures into municipal fisheries
development plans. Strengthening coordination
among LGUs, FARMCs, BFAR, and LLDA may further
improve the resilience of milkfish aquaculture systems
in Laguna de Bay.

5. CONCLUSION

This study assessed the climate vulnerability
of milkfish aquaculture in Cardona, Rizal within
the central bay of Laguna de Bay using the Fisheries
Vulnerability Assessment Tool (FishVool), with
Cardona, Rizal serving as a case study. Results
indicate that milkfish aquaculture in the study area
exhibits Medium vulnerability, reflecting moderate
sensitivity and exposure to climate-related stressors
alongside a moderate level of adaptive capacity
among aquaculture-dependent households. While
the findings provide valuable local insights, broader
generalization to other municipalities within Laguna
de Bay should be approached with caution due
to differences in ecological, socioeconomic, and
governance conditions.

The findings highlight that while milkfish

aquaculture in Cardona remains viable under current

Table 4. Recommended climate adaptation interventions for milkfish aquaculture in Cardona, Rizal, central bay of Laguna de Bay, based on

FISHVOOL Results.

Findings

Possible Interventions

Moderate exposure to storms and strong winds
Moderate mortality risk
Moderate adaptive capacity

Limited financial resources

Develop municipal protocols for pre-typhoon partial harvest and fishpen
reinforcement

Establish routine dissolved oxygen and water quality monitoring in major
fishpen zones

Conduct annual climate adaptation workshops for fishpen operators and
caretakers

Facilitate enrollment in fisheries insurance and emergency rehabilitation

programs

Moderate dependence on aquaculture income

Community-level climate impacts

Support alternative lake-based livelihoods during periods of low
production

Integrate climate adaptation actions into the Municipal Fisheries
Development Plan




Cinco et al. / The Philippine Journal of Fisheries 33(2): in press

conditions, households and communities continue to
face recurring environmental pressures and structural
constraints that limit more robust adaptation. These
results are consistent with previous assessments of
tropical aquaculture systems, where production
persists despite ongoing climate and ecological stress.
As a localized assessment, the findings are
site-specific and reflect conditions in Cardona rather
than the full range of aquaculture contexts across
Laguna de Bay. Nevertheless, the study demonstrates
the utility of FishVool as a practical framework for
identifying vulnerability patterns and informing
adaptation planning at the municipal level. Insights
from this case study may support broader lake-wide
discussions on strengthening governance, improving
access to support mechanisms, and enhancing the
long-term resilience of aquaculture livelihoods in
Laguna de Bay. The recommended interventions
identified in this study may provide practical guidance
for local government units and fisheries managers
seeking to strengthen climate resilience in milkfish
aquaculture systems within Laguna de Bay.
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