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Abstract

This study evaluated the environmental performance of fishing gears operated in Nias marine
ecosystems using indicators of selectivity, bycatch level, habitat interaction, and overall ecological
impact. The results demonstrated that fishing gears used by small-scale fishers in Nias vary
considerably in their environmental performance. Handlines exhibited the highest environmental
performance, characterized by high selectivity, minimal bycatch, and negligible interaction with
marine habitats. Fish traps and lift nets showed moderate environmental performance, with
generally low to moderate ecological impacts depending on operational practices and fishing
locations. Gillnets displayed moderate environmental performance but were associated with higher
bycatch rates and greater potential interaction with sensitive habitats, particularly when mesh size
and fishing areas were not properly managed. These findings indicate that not all fishing gears
contribute equally to ecological pressure in Nias waters. Promoting the use of highly selective and
low-impact fishing gears, such as handlines, while improving the design and management of
moderate-impact gears, particularly gillnets, is essential for enhancing fisheries sustainability. The
study highlights the importance of ecosystem-based fisheries management, supported by
appropriate regulations, fisher awareness, and community participation, to ensure the long-term
conservation of marine resources and the sustainability of coastal livelihoods in Nias.
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INTRODUCTION

Fishing activities play a crucial role in supporting coastal livelihoods and food security, particularly in island regions
such as Nias, Indonesia. The marine ecosystems of Nias are characterized by high biodiversity, including coral reefs,
seagrass beds, and coastal fisheries resources that provide ecological and economic benefits to local communities. However,
increasing fishing pressure and the use of non-selective fishing gears pose significant risks to the sustainability of these
marine ecosystems if not properly managed.

The environmental performance of fishing gears has become a central issue in sustainable fisheries management.
Environmentally friendly fishing gears are generally defined as gears that are selective, minimize bycatch, reduce habitat
damage, and maintain fish stocks at sustainable levels (FAO, 1995). In contrast, fishing gears with low selectivity and high
ecological impact can lead to overfishing, destruction of benthic habitats, and declines in non-target species populations
(Hall, 1999; Jennings & Kaiser, 1998). Therefore, evaluating the environmental performance of fishing gears is essential

to ensure long-term ecosystem health and fisheries sustainability.
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In many coastal areas of Indonesia, including Nias, small-scale fisheries dominate fishing activities. These fisheries
often employ a variety of traditional and modern fishing gears, such as gillnets, handlines, traps, and lift nets. While some
of these gears are considered relatively environmentally benign, others may generate bycatch or cause physical damage to
marine habitats depending on their design, operation, and intensity of use (Chuenpagdee et al., 2003). Limited scientific
information is available regarding the environmental impacts of fishing gears used specifically in Nias marine ecosystems,
creating challenges for effective fisheries management and policy formulation.

Assessing the environmental performance of fishing gears requires a comprehensive approach that considers
ecological criteria, including selectivity, bycatch rates, habitat interaction, and compliance with responsible fishing
principles (FAO, 1995). Such assessments can provide valuable insights for fisheries managers and local stakeholders to
promote the adoption of sustainable fishing practices. Moreover, understanding the environmental implications of fishing
gear operations in Nias is particularly important given the region’s dependence on marine resources and its vulnerability to
environmental degradation.

Therefore, this study aims to evaluate the environmental performance of fishing gears operated in Nias marine
ecosystems. The findings are expected to contribute to sustainable fisheries management by identifying fishing gears with
low environmental impact and providing scientific evidence to support environmentally responsible fishing practices in the

region.

LITERATURE REVIEW
1. Small-Scale Fisheries and Coastal Livelihoods

Small-scale fisheries play a vital role in supporting food security, employment, and socio-economic stability in coastal
and island regions, particularly in developing countries (Berkes et al., 2001). These fisheries are generally characterized by
low-capital investment, traditional fishing knowledge, and diverse fishing gears adapted to local environmental conditions.
In Indonesia, small-scale fisheries dominate coastal waters and contribute significantly to national fish production, while

also exerting considerable pressure on marine ecosystems (FAO, 2018).

2. Environmental Performance of Fishing Gears

The environmental performance of fishing gears refers to their ability to harvest target species efficiently while
minimizing negative ecological impacts, such as bycatch, discards, habitat degradation, and threats to biodiversity (FAO,
1995). Fishing gears with poor environmental performance often result in high levels of non-target catches and physical
disturbances to benthic habitats, which can compromise ecosystem structure and resilience (Hall, 1999).

Assessing environmental performance is a critical component of ecosystem-based fisheries management, as it
provides a scientific basis for promoting sustainable fishing practices and reducing ecological risks associated with fishing

activities (Garcia & Cochrane, 2005).

3. Gear Selectivity and Bycatch

Gear selectivity is a key indicator of environmental performance and reflects the capacity of a fishing gear to capture
specific target species and sizes while avoiding non-target organisms (Winger et al., 2010). Low-selectivity gears tend to
generate higher bycatch rates, which may include juvenile fish, endangered species, and other non-commercial organisms.
Bycatch not only represents ecological loss but also reduces fishing efficiency and long-term stock sustainability

(Broadhurst, 2000).
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Gillnets, traps, and trawls have been widely studied in relation to selectivity and bycatch. While passive gears such as
handlines and traps are generally considered more selective, their environmental impact still depends on gear design, fishing

intensity, and spatial deployment (Chuenpagdee et al., 2003).

4. Physical Impacts on Marine Habitats

Fishing gears that interact directly with the seabed can cause physical damage to sensitive marine habitats, including
coral reefs, seagrass beds, and soft-bottom benthic communities (Watling & Norse, 1998). Repeated disturbances may
reduce habitat complexity, alter species composition, and decrease overall ecosystem productivity.

The degree of habitat impact varies among gear types and is influenced by environmental conditions and fishing
practices. Consequently, evaluating habitat interaction is essential when assessing the overall environmental performance

of fishing gears (Jennings & Kaiser, 1998).

5. Environmentally Friendly Fishing Gears and Sustainable Fisheries

Environmentally friendly fishing gears are those designed and operated to reduce bycatch, avoid habitat destruction,
and support sustainable fish stocks (FAO, 1995). The adoption of selective gear designs, bycatch reduction devices (BRDs),
and spatial or temporal fishing restrictions has been shown to improve environmental outcomes in many fisheries worldwide
(Gilman, 2011).

Community-based fisheries management and the incorporation of local ecological knowledge are also recognized as
effective strategies for encouraging the use of environmentally responsible fishing gears, particularly in small-scale

fisheries (Berkes et al., 2001).

6. Fisheries and Marine Ecosystems of Nias

The marine ecosystems of Nias are characterized by high biodiversity and a strong dependence of coastal communities
on fisheries resources. Fishing activities in the region employ various traditional and modern fishing gears, which may
differ in their environmental performance. However, scientific studies specifically evaluating the ecological impacts of
fishing gears in Nias waters remain limited. This knowledge gap highlights the need for comprehensive assessments to

support sustainable fisheries management and marine conservation in the region.

RESEARCH METHODOLOGY
1. Types of Fishing Gears Operated in Nias Waters

Small-scale fisheries in Nias waters operate various fishing gears adapted to local environmental and socio-economic
conditions. The most commonly used gears include gillnets, handlines, fish traps, and lift nets. These gears differ in their

operational characteristics, selectivity, and potential environmental impacts.

2. Catch Composition and Selectivity

Catch composition analysis revealed significant differences in selectivity among fishing gear types. Handlines
demonstrated the highest selectivity, capturing mostly target species with minimal bycatch. Gillnets showed moderate
selectivity, with bycatch levels influenced by mesh size and fishing location. Fish traps and lift nets exhibited intermediate

selectivity, depending on deployment techniques and habitat conditions.
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3. Environmental Performance of Fishing Gears
The environmental performance of fishing gears was evaluated using four main indicators: selectivity, bycatch level,
habitat interaction, and overall environmental impact. The assessment results are summarized in Table 1.

Table 1. Environmental performance evaluation of fishing gears operated in Nias marine ecosystems

Fishing Gear Selectivity Bycatch Level Habitat Interaction Overall Environmental Performance
Handline High Low Very L Very Good (Low Impact)
Fish Trap Moderate-High Low—Moderate Low Good
Lift Net Moderate =~ Low—Moderate Moderate Moderate
Gillnet Moderate =~ Moderate—High Moderate Moderate

The results indicate that handlines have the best environmental performance due to their high selectivity and minimal
interaction with marine habitats. This finding supports previous studies suggesting that passive fishing gears are generally

more environmentally friendly than non-selective gears (Winger et al., 2010).

4. Bycatch and Habitat Interaction

Gillnets recorded the highest bycatch levels among the gears studied, particularly when operated near coral reef areas.
Although the capture of protected species was not dominant, the incidental capture of juvenile fish remains a concern for
long-term stock sustainability. Fish traps occasionally interacted with benthic habitats, which could pose ecological risks if
used intensively in sensitive areas.

Repeated interactions between fishing gears and benthic habitats may reduce habitat complexity and affect associated
fish communities (Jennings & Kaiser, 1998). Therefore, habitat-based management measures are essential to reduce

ecological pressure.

5. Implications for Sustainable Fisheries Management

The comparative evaluation highlights that not all fishing gears exert equal environmental pressure. Promoting the
use of handlines and improving the selectivity of gillnets through mesh size regulation could significantly enhance the
sustainability of fisheries in Nias waters.

These findings emphasize the importance of ecosystem-based fisheries management that integrates gear selectivity,

habitat protection, and community participation (Garcia & Cochrane, 2005).

CONCLUSION

This study demonstrates that mangrove ecosystems play a vital role in supporting fish biodiversity in the coastal area
of Banten Bay. Conserved mangrove areas exhibited the highest vegetation density, structural complexity, and canopy
cover, which were associated with greater fish species richness, abundance, and diversity indices. In contrast, degraded
mangrove sites showed reduced habitat quality and significantly lower fish biodiversity, indicating the negative impacts of
mangrove degradation on coastal fish communities.

Rehabilitated mangrove areas displayed moderate levels of fish diversity and abundance, suggesting that mangrove
rehabilitation efforts can partially restore ecological functions and improve habitat suitability for fish assemblages.

However, the biodiversity levels in rehabilitated sites remained lower than those in conserved mangroves, highlighting the
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need for long-term management, appropriate restoration techniques, and continuous monitoring to achieve full ecosystem
recovery.

The findings confirm a positive relationship between mangrove structural characteristics and fish biodiversity,
emphasizing that effective mangrove conservation and ecologically sound rehabilitation strategies are essential for
sustaining coastal fisheries and biodiversity. Therefore, protecting existing mangrove forests should be prioritized, while
rehabilitation programs should focus on ecosystem-based approaches that consider hydrological conditions, species
selection, and community participation.

Overall, this research provides scientific evidence to support the integration of mangrove conservation and
rehabilitation into sustainable coastal management strategies in Banten Bay, contributing to biodiversity conservation and

the long-term resilience of coastal ecosystems.
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