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ABSTRACT: This study explores the impact of environmental factors on the growth and survival of Siganus Canaliculatus and
Siganus Fuscescens within smart fish cage aquaculture systems. Environmental parameters, including temperature, salinity,
dissolved oxygen, and pH, were monitored over two farming cycles to evaluate their influence on growth and mortality rates.
Descriptive statistics revealed that temperature and salinity exhibited notable fluctuations, with ascending trends during the
second cycle correlating with improved growth rates. Siganus Canaliculatus demonstrated superior growth, achieving a mean
size of 230mm or 23 cm compared to 200mm or 20cm for Siganus Fuscescens in the second cycle. Mortality rates improved,
declining from 6% in the first cycle to 4% in the second, indicating enhanced management practices. Correlation analysis
showed strong positive relationships between temperature and salinity with growth rates, highlighting their critical roles in
fostering metabolic efficiency. Dissolved oxygen exhibited a significant negative correlation with mortality, emphasizing the
need for consistent oxygen levels to minimize fish losses. While pH levels remained stable and within acceptable ranges, their
influence on mortality was negligible due to acceptable water quality parameters.
The findings underline the importance of precise environmental monitoring in optimizing aquaculture productivity. The study
demonstrates the potential of Siganus Canaliculatus as a high-yield species and highlights the efficacy of smart fish cage
technology in maintaining favorable conditions. This research provides valuable insights for sustainable aquaculture practices
and offers a foundation for further innovations in marine farming systems.
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INTRODUCTION

The coastal marine ecosystems of the Philippines
are vital for supporting the livelihoods of millions of people
through fisheries and aquaculture. However, the increasing
demand for marine resources has placed significant pressure
on these ecosystems, necessitating the development of
sustainable technologies to enhance productivity while
minimizing environmental impact. Modern aquaculture
systems require the control of a large number of parameters;
industrialization was linked to the adoption of technology.
Some of these processes necessitate sophisticated
instruments and carefully constructed facilities that have
resulted from years of research and development. Advances
in technology have aided the modernization of aquaculture
in general [4], some of these technologies were not designed
expressly for use in farming systems but later found its
applications in this field. Some technology breakthroughs
are specifically designed for aquaculture operations.
Semisubmersible cages, autonomous feeders, water
recirculation monitoring systems, for example, necessitate
specialized technological applications based on good
scientific understanding [6, 19].
Dissolved oxygen (DO), salinity, water temperature, and
hydrogen potential (pH) are the four most important water
factors for marine aquaculture [2, 25, 26]. Depending on the
type of aquaculture and the fish species being cultivated, the
appropriate content for those criteria varies. The importance
of those characteristics varies as well, with dissolved
oxygen (DO) being the most important for aquaculture, as it
controls the fish's growth [7, 25]. As the water temperature
rises, the DO content decreases because it can no longer
contain O2. However, too much dissolved oxygen (DO) can
induce a gas bubble disease, which can kill fish. If the level
is too low, microorganisms can readily infect the fish which
eventually lead to death [13, 8]. The apparent benefits of

technology have created a solid foundation for taking
aquaculture systems to the next level, which involves the
use of computer controls and the Internet of Things (loT) to
increase automation, administration, and decision-making
[3,14, 15].

The deployment of loT technology in fish farming has led
to the development of an intelligent system that monitors
crucial water parameters such as temperature, pH, and
dissolved oxygen, utilizing the MSP430 family chip for
efficient sensing [10][20]. This system employs a ZigBee
wireless sensor network to facilitate communication while
minimizing power consumption, and it integrates control
devices like RGB lights and feeders to optimize the farming
process [22]. Additionally, research into big data
architecture for underwater monitoring has revealed that
technologies like Hadoop MapReduce can significantly
enhance data analytics efficiency compared to traditional
systems [23, 24], while also addressing protocol challenges
in loT applications through studies on various
communication protocols such as MQTT, which was
deemed suitable for sensor networks [11, 16]. Furthermore,
the IFTTT model has been adapted for home automation
systems, showcasing the potential for customized triggers
and actions that can be applied to aquaculture settings [12,
17].

The potentials of improving the aquaculture
industry in Cantilan, Surigao del Sur and the challenges of
Siganids farmers was the motivation of the conduct this
study. The annual availability of wild seedlings of Siganids
provides a wide opportunity for coastal communities to gain
benefits from it rather than just collecting it for fermentation
[24]. The current Siganids farming process in Cantilan was
manual and that opens various issues of concerns and
challenges that lead to the issues on high crop mortality
specially during summer season where temperature is
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higher. This concern is what the researcher is very
interested upon because rabbitfish are very challenging to
culture, a comparative study on survival rate was conducted
on cage farming gaining 95.33% on fixed and 80% on
floating [25]. These means that cage farming of rabbitfish
on whatever species especially on the pacific region is very
crucial as its temperature raises during summer season and
that requires strategies to mitigate the issues that lead to
high mortality rate [5, 18].

Materials and Methods

In this study, the researcher employed descriptive
experimental research design to assess the potential of smart
fish cage technology in marine application. Our primary
objective was to investigate the effects of using smart
technology on two consecutive farming of "Siganus
Canaliculatus” and "Siganus Fuscescens™ in floating cages
and on a pre-defined stocking density. The descriptive
experimental approach allows us to systematically collect
data, providing a comprehensive understanding of how
smart fish cage technology influences aquaculture outcomes
over multiple cycles [21]. The researcher aimed to evaluate
the impact of this technology on fish health, growth rates,
and overall aquaculture productivity.

The study employed a multi-pronged strategy to acquire
thorough data for our investigation. First, we continuously
tracked two farming cycles' worth of important
environmental variables, such as water temperature, salinity,
and dissolved oxygen levels. The integration of technology
on this farming operation conveys an impact on
characteristics, which are crucial for the health and
development of Siganids species. In order to determine any
potential associations with the usage of this technology, we
also recorded and examined the general death rates of the
fish across these two farming cycles. In order to
comprehend how technology affected the health of "Siganus
Canaliculatus" and "Siganus Fuscescens" fish, growth rates
were also carefully studied using conventional measurement
methods.

A. Framework/Model
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Figure 1: Conceptual Framework
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The figure outlines the framework of the study revealing the
farming potential of smart aquaculture technology in
Cantilan, Surigao del Sur. We seek to shed light on the
potential advantages and constraints of the technology in
marine applications by investigating the use of smart fish
cage technology over two farming cycles of "Siganus
Canaliculatus” and  "Siganus  Fuscescens"  while
meticulously observing environmental variables, mortality
rates, and fish growth rates. The results provide practical
ramifications for fish farmers, aquaculture professionals,
and policymakers, providing advice on the use of smart fish
cage technology and its effect on sustainable and effective
fish farming techniques in marine environments. In the end,
this study supports aquaculture innovation and responsible
technology utilization.

B. Hardware Design

The hardware design for this smart aquaculture system
integrates an intelligent and energy-efficient architecture,
focusing on real-time monitoring, automated feeding, and
cloud-based data management to optimize aquaculture
operations in marine environments. The central processing
unit, a Raspberry Pi, coordinates system functions such as
data collection, decision-making, and communication with
other subsystems. It interfaces with an ESP8266 V3
module, which manages various water quality sensors (e.g.,
oxygen, temperature, pH, salinity) and wirelessly transmits
data, thereby decentralizing processing and enhancing
scalability. Actuators in the system automate tasks like
precise feeding and activation of the nano bubble generator,
which regulates dissolved oxygen levels for the fish. An
LCD display provides real-time, on-site monitoring of
sensor data and system status, serving as a local backup in
case of connectivity failures. The system also incorporates
an access point module for secure data transmission to cloud
platforms, enabling remote access and centralized data
analytics. To ensure continuous, sustainable operation,
especially in remote marine locations, the system is
powered by a solar power setup comprising a solar panel,
charge controller, battery, and voltage regulator. Time
synchronization is maintained via Network Time Protocol
(NTP), ensuring accurate operation of time-dependent
functions such as feeding schedules. Additionally,
temperature, pH, dissolved oxygen, and conductivity
sensors monitor key water quality parameters, triggering
automatic responses when thresholds are exceeded, ensuring

Figure 2: Nano Bubble Angle and Positioning
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optimal conditions for rabbitfish health and growth. Overall,
this hardware design offers a robust, scalable, and
sustainable solution for modern aquaculture management.
C. Angle and Positioning

In the illustrated design, the nano bubble generators are
strategically positioned at a 30° downward angle from
opposite sides of the marine fish cage. This angled
deployment facilitates a deeper and more targeted
dispersion of the water-bubble mixture, allowing nano
bubbles to reach lower depths where oxygen stratification
commonly occurs. By delivering oxygen more efficiently to
the bottom layers, this setup helps maintain uniform
dissolved oxygen levels throughout the water column,
enhancing fish health and metabolic activity.

Notably, the devices are installed opposite each other but
not in a perfectly perpendicular arrangement, as indicated
by the offset positioning within the black rectangular
schematic. This asymmetry avoids direct bubble collision
paths and instead promotes cross-flow circulation,
improving water movement, reducing dead zones, and
ensuring wider spatial oxygenation coverage within the fish
cage environment. This positioning is ideal for optimizing
the performance of nano bubble technology in open marine
aquaculture systems.

D. Software Design

The software design of the smart aquaculture system
follows a modular, event-driven architecture that supports
real-time sensor monitoring, data transmission, and actuator
control. The flowchart illustrates a streamlined operational
process beginning with the establishment of communication
between sensor nodes (ESP8266 and Raspberry Pi). If the
connection is unsuccessful, the system loops until the link is
re-established. Once the connection is successful, the
system proceeds to simultaneously read data from all
integrated sensors (temperature, pH, dissolved oxygen, and
salinity). The data is then evaluated against predefined
threshold values. If none of the readings breach the
thresholds, the system continues monitoring. However, if a
value exceeds or falls below acceptable limits, the software
triggers corresponding actuator operations—such as the
feeding mechanism or the nano bubble generator.
Regardless of actuator activation, all collected data is
transmitted to a cloud repository for remote access,
analytics, and historical tracking. This supports long-term
optimization and data-driven management decisions. The
software design thus emphasizes continuous feedback loops,
autonomous  response, and cloud-based monitoring,
ensuring efficient and intelligent aquaculture operations.

RESULTS AND DISCUSSION

The oceans and their ecosystems are a vital component of
our planet, providing food, energy, and other resources to
millions of people worldwide.
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Figure 3: System Flowchart

E. Prototype Design

Figure 4: Mobile Application

As human populations continue to grow, there is a pressing
need to develop sustainable technologies that can support
and enhance the productivity of marine ecosystems. Marine
culture technology research plays a critical role in
identifying and developing these technologies, enabling us
to harness the potential of the oceans while minimizing their
impact on the environment. Selecting the most promising
areas of marine culture technology research were therefore
essential to ensuring that our use of ocean resources is both
economically viable and ecologically sustainable in the long
term [1]. This study identifies the area of implementation by
considering numerous factors such as the annual weather
data and environmental condition. The identified location is
located in a semi cove area in General Island Cantilan
Surigao del Sur, Philippines (see Figure 4).
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Figure 4: Project implementation Location

The area is identified due to its ideal location having a small
islet as cover for strong wind and waves in case of a bad
weather condition. Siganids, also known as rabbitfish, are a
popular and economically important marine fish species in
the Philippines, particularly in coastal regions. Managing
small-scale fisheries in the Philippines was challenging due
to high pressures from expanding fishing population,
poverty, and lack of alternative options.
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Figure 5: Sensor Characteristics

The descriptive statistics provide a detailed overview of the
environmental conditions and aquaculture outcomes
observed during the two farming cycles of Siganus
Canaliculatus and Siganus Fuscescens. The mean
temperature was recorded at 28.93°C with a standard
deviation of 1.88°C, reflecting a range from 27°C to 31°C.
These variations highlight the influence of seasonal or
external  environmental changes on the farming
environment. While temperatures remained within the
species' tolerance range, the ascending trend in the second
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cycle likely contributed to enhanced growth rates due to the
increased metabolic activity in warmer waters. The salinity
levels averaged 33.00 ppt with a standard deviation of 1.98
ppt, ranging between 31 ppt and 35.2 ppt. This relatively
broad range indicates fluctuations that could result from
varying water exchange dynamics or environmental inputs,
such as rainfall and nearby water streams. This was further
support based on the annual geographical weather data in
Cantilan, Surigao del Sur which shows a weather season
pattern [9]. Despite these variations, the mean salinity fell
within an optimal range for signed growth, as evidenced by
the strong growth rates observed, particularly during the
second farming cycle.

Table 1: Data Analysis

Temperature (°C) 28.93 1.88 27.00 31.00
Salinity (ppt) 33.00 1.98 31.00 35.20
Dissolved Oxygen 6.40 0.52 5.80 7.00
(ppm)

pH Levels 8.13 0.10 8.00 8.20
Growth Rate (mm)  211.25 15.94 195.00 230.00
Mortality Rate (%)  5.00 1.15 4.00 6.00

Dissolved oxygen levels averaged 6.40 ppm with a standard
deviation of 0.52 ppm, ranging from 5.8 ppm to 7 ppm. The
observed changes, particularly the decline during the second
cycle, emphasize the critical need for maintaining oxygen
levels within optimal ranges. Since the area of
implementation is in an open water cove area, the
possibility of having stagnant water with no current flow is
only during low tide with 1-2 hours window. These findings
suggest the importance of adequate aeration or water
movement systems to ensure consistent oxygen availability.
The pH levels displayed remarkable stability, with a mean
of 8.13 and a narrow standard deviation of 0.10, ranging
from 8.0 to 8.2. This consistency indicates effective water
management practices within the smart fish cages, ensuring
that the pH remained within the acceptable range for signed
health. The minimal variation also underscores that pH was
not a limiting factor in the farming cycles.

Growth rates for the signed species averaged 211.25mm
with a standard deviation of 1594 mm, ranging from
195mm to 230mm across both farming cycles. These figures
highlight the owverall productivity of the smart fish cage
system, with Siganus Canaliculatus consistently achieving
higher growth than Siganus Fuscescens, possibly due to
inherent species characteristics or adaptability. The
mortality rate averaged is 5%, with a standard deviation of
1.15%, reflecting a range of 4% to 6%. The decline in
mortality rates from the first to the second cycle
demonstrates improvements in aquaculture practices.

CONCLUSION

This study demonstrated the successful development and
implementation of a smart aquaculture system for
monitoring and managing environmental parameters critical
to rabbitfish production in a coastal marine setting. By
integrating loT-based sensor technology with automated
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systems for aeration and feeding, the smart system
prototype provided a real-time, responsive platform for
monitoring and managing water parameters including
temperature, salinity, dissolved oxygen, and pH. The system
architecture, anchored on the Raspberry Pi and ESP8266
microcontrollers, enabled efficient data acquisition and
decision-making, supported by solar-powered energy
solutions suited to the remote nature of marine farming
environments. Empirical results across two farming cycles
showed a good farming results having a very low mortality
rate.

The modular and scalable nature of the system, including
features such as cloud synchronization, nano bubble
oxygenation, and automated feeding, reflects a robust
technological approach adaptable to varying environmental
conditions. The observed improvements in growth and
survival outcomes were a possible result of the systems
implementation. The downward-angled deployment of nano
bubble generators and their strategic positioning enhanced
water column  oxygenation, demonstrating design
consideration for spatial dynamics within the aquaculture
cage. The effectiveness of the design supports its
applicability in other similar tropical marine environments
facing the same environmental wolatility as Cantilan,
Surigao del Sur.

Despite these advancements, the study also identified
limitations that offer direction for future work. Sensor
precision and stability, particularly during prolonged
exposure to dynamic marine conditions, remain a key
concern. There is a need for the incorporation of higher-
quality or industrial-grade sensors to reduce potential
inaccuracies caused by environmental stressors. Future
iterations should also consider expanding the monitored
parameters to include turbidity, ammonia, and feeding
behavior analysis through video or Al-based pattern
recognition. Enhancing data analytics using Al and
predictive modeling, integrated with historical weather and
farm data, could further advance proactive management
strategies. Ultimately, this study lays the groundwork for
more intelligent and sustainable marine aquaculture
practices and emphasizes the necessity of continued
innovation in sensor technology, energy efficiency, and
automated system integration.
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