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Open Access Abstract

The fishing industry is changing fast thanks to new technology. Better gear
is making fishing more eco-friendly, efficient and sustainable. Over the last
50 years, people have paid more attention to problems like habitat damage,
overfishing and climate change. Now, the focus is on making fishing tools
that help select the right fish and lessen harm to the environment. Some
cool advances include artificial reefs, smart sensors, GPS and fish aggregating
devices. These tools help catch the right fish while using less fuel. They also
meet the growing demand for seafood that is caught in a responsible way and
follows rules. Even with these improvements, there are still some challenges
to getting everyone on board. The costs are high, not everyone has access to
the tech and many small fisheries are hesitant to change. This study points
out that using modern fishing gear can help both the environment and the
economy. It shows that we can find a way to protect nature while also making
money in fisheries.
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Introduction Fishing Gear Principal Mechanisms, Design and Modeling

Innovation in fisheries as defined by International Council ~ Test

for the Exploration of the Sea (ICES) requires improvement
of existing conditions through incremental and revolutionary
and disruptive upgrades. Active research and development
activities have emerged over the past 50 years due to rising
worries about fisheries-related environmental effects that
include fishing mortality rates along with juvenile fish
capture and habitat destruction and complete ecosystem
consequences. The necessity for improved fishing technology
emerged due to overfishing together with falling fish
population counts and environmental issues. Advancements
in fishing technologies emerged primarily from two needs:
protecting non-target species and decreasing unwanted
catch and adapting fishing approaches to ocean changes
from climate variation.
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Fishing gear has mostly developed by trial and error, with
design requirements up until recently being decided entirely
by empirical means rather than analytical approaches.
Fish behavior-based design and development initiatives,
engineering studies, system analyses and model studies
that take resource conservation, ecological and economic
concerns into account have been going on for the past few
decades. The development and increased availability of
synthetic gear materials, as well as recent advancements
in navigational electronics, gear handling machinery, vessel
technology, fish detection methods and fish behavior studies,
have led to significant changes in the design, fabrication,
operation and catching capacity of modern fishing.
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Design Innovations for Selectivity and Efficiency

The developments support environmentally responsible
fishing methods and align with international regulatory
norms. Another important area of concern for gear design
is hydrodynamic efficiency. Advanced net structures,
lightweight parts and simplified designs minimize drag,
lowering fuel consumption. However, this is vitally important
because of the rising fuel cost and the environmental
implication of fishing activities.

Innovations in Fisheries Management: Fish Aggregation
Devices and Artificial Reefs

Strategically placed in tropical regions, Fish Aggregation
Devices (FADs) attract and concentrate pelagic fish species
which have favorable events for species biology and expand
biodiversity around these artificial structures. The FADs are
fixed in place and attract fish, especially in the deep waters
around the Indo-Pacificislands. Smaller fishing boats look for
sardines and little mackerels near these FADs in shallower
waters close to shore. Basically, a FAD is a floating platform
made of tires, nets, old ropes, or palm leaves. It’s unclear
exactly why fish are attracted to these devices. They may
serve as a place to feed on the smaller fish or algae that
congregate there, as well as a place of refuge, protection
and orientation.

Similar to light, an integrated fish population is attracted
to a FAD. Sometimes, light or bait is used to enhance the
drawing power of the FAD or to bring the fish closer before
capture. Larger fish tend to swim farther away from the raft,
while smaller ones stay nearer. Large tuna can be manually
caught with a line many fathoms below a FAD. Reef fish and
crustaceans, as expected, are the primary species attracted
to artificial reefs. These structures are placed on the sea
floor in areas with little natural habitat, becoming suitable
homes for numerous species.

The Socio-Economic Impact of Selectivity

In addition to conducive for the environment, it is equally
important for the long term be sustainable fisheries.
Selective fishing methods allow fishing communities to
protect them from the overexploitation of non-target
species and from damage to habitat. These practices
contribute to healthier marine ecosystems, which in turn
support stable fish populations and secure livelihoods for
fishers. By catching only what we need and taking care of
different species, selective fishing supports global goals for
sustainability. It also helps fishing communities thrive.

Protecting Key for Animal Species

e Cut down on accidental catches.

e Keep ecosystems healthy.

¢ Back sustainable fishing practices.

e Follow the rules and get certified.

e Ensure fishing communities can thrive.
* Reduce environmental damage.

¢ Adjust to changes in ecosystems.
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Improving Fishing Performance

Making fishing gear work better, especially towed gear,
is important worldwide. This helps the environment by
lessening damage to the seabed and also saves money by
cutting down on fuel costs (Sala et al., 2009). When fishing
gear is designed to perform better in water, it uses less fuel
and causes less harm to the sea floor. One design has big
holes in the net’s front, made from a special type of twine
called helix. This twine helps the net spread out on its own
while being towed. This setup not only boosts performance
but also helps reduce the catch of unwanted fish, while
keeping the target fish (Hammarlund et al., 2021).

Digital Integration in Fishing Gear

Digital Integration of fishing gear is a fisheries term that
characterizes fishing gear with digital integration of sensors,
GPS, data recorders or communication systems integrated
into fishing gear in order to improve fishing operations’
effectiveness, sustainability and safety. This integration
allows to integrate the real time monitoring and data
collecting, providing a view into fishing operations.

Smart Sensors

To track a variety of characteristics, including depth, water
temperature, salinity and movement, the sensors can be
fastened to different parts of fishing equipment, such as
nets, lines and hooks. The information gathered can be used
to monitor fishing conditions, maximize fishing efforts and
guarantee regulatory compliance.

GPS Tracking

Real time location tracking of fishing boats, acoustic
monitoring of individual pieces of equipment, or global
positioning system (GPS) devices on fishing boats or
individual pieces of equipment can be used to manage
fishing efforts, avoid over fishing in a particular area or aid
in navigation and routes. It also provides real time access to
critical data, position, speed, time, and direction of travel. It
is used broadly for long distance fishing voyages, partly for
safety and partly for increased efficiency at sailing (Akhilesh
etal., 2011). When GPS is integrated with electronic charts,
the vessel’s real-time position can be displayed on the chart.
GPS also provides the estimated time of arrival, course
and distance to the destination, enabling efficient voyage
management.

Data Loggers

Data loggers monitor and record detailed information
about the performance and operation of fishing gear. They
capture parameters such as gear depth, towing speed,
water temperature, salinity and pressure during fishing
activities. These devices are invaluable for optimizing gear
efficiency, minimizing bycatch and analyzing gear behavior
under varying environmental conditions. The collected
data supports fishermen in refining their practices and aids
researchers and policymakers in promoting sustainable
fisheries management.

Catch Monitoring

Digital integration allows for the automatic monitoring
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of catch composition and quantities through cameras or
sensors. This data can help track bycatch rates and provide
evidence for sustainable fishing practices.

Communication Networks

Wireless communication systems enable vessels and gear
to transmit data to centralized systems, research stations,
or even other vessels, improving coordination, resource
management and safety at sea.

Environmental and Economic Implications

Innovative fishing gear technology contributes significantly
to balancing ecological sustainability with economic
profitability. By reducing bycatch, habitat destruction and
energy consumption, modern gear promotes healthier
marine ecosystems. Furthermore, eco-friendly gear designs
meet consumer demands for sustainably sourced seafood,
opening new markets and increasing profitability for fishers.

Challenges and Future Directions

The primary challenges identified include overcapacity,
overfishing, habitat degradation, climate change, pollution
and illegal, unreported and unregulated (IUU) fishing
(Jesintha and Madhavi, 2020). Overcapacity refers to an
excess of effort needed to harvest fisheries resources within
sustainable limits. It occurs when too many boats pursue
too few fish, presenting a critical issue in marine capture
fisheries. This problem is exacerbated by open access to
fisheries and government subsidies that encourage fishing
activity beyond the capacity that fish stocks can support.
Overfishing driven by overcapacity can lead to changes in
trophic structures, shifts in species composition, habitat
degradation and even species extinction.

Despite these advancements, challenges persist. High costs
and limited access to innovative technologies are significant
barriers, particularly for small-scale fisheries. Adoption is
further hampered by resistance to change and a lack of
knowledge about the advantages of current equipment.
To address these challenges, researchers, legislators and
industry stakeholders must work together to provide
affordable solutions and guarantee that knowledge is widely
shared. Future studies ought to concentrate on improving
digital tools and biodegradable materials’ cost-effectiveness
so that small-scale fishermen may use them more easily.
Partnerships between technology developers and fisheries
can facilitate the implementation of sustainable practices
globally.

Reduction of Fishing Effort

Reduction of fishing effort can be implemented through
various measures, such as limiting the number of vessels,
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days at sea, fishing hours, engine power, fish hold capacity,
or net length. Effort reduction in fishery regulation primarily
targets the mechanized sector.

Licensing

Over-capitalization is often linked to open-access fisheries, as
seen in India. To address this issue, mandatory registration
should be implemented for larger mechanized fishing
vessels. Indian-flagged fishing vessels that are 20 meters
or longer must be registered with the Mercantile Marine
Department, according to a 2013 Ministry of Shipping
regulation.

Conclusion

Choosing the right fishing gear is really important for keeping
our fisheries healthy. We need to find a balance between
using resources and taking care of the environment. There
have been some great new tools that help with fishing. They
make it easier to catch fish while also protecting nature.
However, some problems still pop up, like the cost of new
gear and people not wanting to change. Working together
and sharing ideas can help us get through these challenges
faster. Looking ahead, investing money in research and
have good policies to support sustainable fishing practices
everywhere. By using these new tools, we can help protect
marine life and keep our fisheries strong for the future.
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