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Abstract

Current data on the impact of "ghost nets" on the biological diversity of the Baltic Sea indicate that no comprehensive
inventory has yet been conducted of their proportion in the region, nor have methods been developed to assess it. The
results of the study showed that net fishing is one of the main causes of gear loss, as nets are often lost due to storms and
strong currents. These derelict fishing gears remain active for long periods of time, accidentally catching fish, marine
mammals and other organisms. In addition, the nets of some materials gradually break down, forming microplastics that
enter the food chain and negatively affect both the marine ecosystem and human health. In order to effectively reduce the
negative impact of riser fishing, their effectiveness largely depends on the participation of fishermen and public
awareness. In the future, it is essential to develop new sustainable fishing gear and improve international cooperation to
ensure responsible and environmentally friendly fishing in the Baltic Sea.
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1. Introduction

The ecological challenges facing the Baltic Sea, together with the problem of overfishing, pose significant threats to
fish stocks, marine ecosystems, livelihoods, and coastal communities. In Latvia’s coastal regions, it is essential to foster
economic development while simultaneously safeguarding natural and cultural heritage. To achieve this objective,
community-led local development strategies have been implemented along the entire coastline. The overarching aim of
these strategies is to ensure balanced and sustainable development. They support the growth of fishing and aquaculture
communities while preserving the integrity and resilience of the marine ecosystem. The principal aim of this study is to
evaluate the impact of longline fishing on the Baltic Sea ecosystem, with particular emphasis on lost and abandoned
fishing gear, commonly referred to as “ghost nets”. Such nets continue to capture fish and other marine organisms
indiscriminately, thereby generating both ecological and environmental hazards. The study further examines potential
solutions and management strategies to mitigate this problem and to foster sustainable fishing practices in the Baltic Sea.
The research methodology is grounded in a critical review of scientific literature, an assessment of technological
capabilities, and an exploration of innovative approaches that could enhance the marine environment and support the
development of the blue economy. The theoretical and methodological foundation of this study draws upon the work of
Raid T., Miethe T., Kotta J., and Moll D.

-0163 -



36TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

2. Materials and methods

The Baltic Sea is confronted with considerable ecological challenges, primarily driven by eutrophication, climate
change, and overfishing. These stressors have resulted in widespread degradation of marine ecosystems, posing serious
risks to fish stocks and the livelihoods of coastal communities [9], [10], [11], [21], [26]. In particular, the overexploitation
of key species such as cod has precipitated the collapse of several fish stocks, with recovery remaining insufficient despite
the implementation of reduced fishing pressures [7], [18]. Herring is the most abundant and extensively targeted species
along the Latvian coastline. The peak fishing season occurs between April and June, when herring migrate towards
shallow coastal waters to spawn before returning to deeper areas. To safeguard the population, a prohibition on targeted
fishing is introduced once catch limits are reached.

The ecosystems of the Baltic Sea are under increasing pressure from a complex range of interacting anthropogenic
stressors, which frequently lead to biodiversity loss and habitat degradation. These intensifying and diversifying human
impacts threaten the long-term sustainability of marine ecosystems and the essential services they provide. Among the
most prevalent human activities in the Baltic Sea region are marine transportation and fishing [3]. In the Gulf of Riga,
which forms part of the Baltic Sea, the principal methods used to harvest herring are ship-based trawl fishing and coastal
riser fishing. To safeguard the herring population within the gulf, additional conservation measures—such as restrictions
on vessel capacity—have been implemented. Trawl fishing is permitted throughout the year, with the exception of a 30-
day prohibition during May and June, coinciding with the peak of the herring spawning season.

The management of Baltic herring stocks is governed by international agreements that establish Total Allowable Catch
(TAC) limits designed to prevent overfishing [24], [25]. The herring fishery utilises several techniques, including trawl
and pound-net fishing. Pound-net fisheries are particularly effective at capturing older age groups with higher mean body
weights and avoiding the by-catch of juvenile fish, thereby contributing to the reduction of fishing mortality [24].
Standpipe fishing typically commences in April along the coast and continues until the end of June. During May, when
coastal weather remains cool and water temperatures are relatively low, fishing remains productive. Although herring is
not the most economically valuable species, it accounts for approximately 90% of the total coastal catch in the Gulf of
Riga. There are two distinct herring populations in Latvian waters: bay herring and open-sea herring, each managed under
separate catch quotas. Bay herring, one of the smallest herring types in the Baltic Sea, predominantly inhabits and
reproduces within the Gulf of Riga. Following spawning, a small proportion of the older bay herring migrate during the
summer and autumn months to the Irbe Strait and the central Baltic Sea, but ultimately return to the gulf.

Herring from the neighbouring central Baltic Sea stock also migrate into the gulf, which results in both Latvian and
Estonian fishers occasionally catching small quantities of open-sea herring while operating in the Gulf of Riga. Due to
the gulf’s relatively shallow waters, additional conservation measures—such as restrictions on vessel engine power—
have been introduced to protect the bay herring population. Trawl fishing is permitted year-round, except for a 30-day
closure in May and June, coinciding with the period of peak spawning migrations. Fishing practices differ considerably
between Latvia and Estonia: in Latvia, the largest catches are obtained using trawl gear, with 15% of the national quota
allocated to coastal fisheries, whereas in Estonia, 40% of the national quota is reserved for coastal fishing.

Herring populations in the Baltic Sea, including the Western Baltic spring-spawning herring (WBSS), undertake
pronounced seasonal migrations to shallow coastal areas for spawning [5], [8], [23]. Environmental stressors such as
eutrophication and coastal modifications have altered spawning habitats, potentially influencing the efficiency and
preference for different fishing methods [8], [15], [16], [19]. In recent years, there has been a marked decline in the
volume of illegally caught or misreported fish. This improvement is largely attributed to healthier herring stock levels
and enhanced fleet management, including a significant reduction in the number of active vessels. In 2023, fishers
operating in the Gulf of Riga were authorised to use 115 standpipe risers and 610 herring nets. However, according to
official logbook data, only 70 of the permitted 115 risers were actually employed along the gulf’s coastline. The highest
coastal catches were recorded along its southern and western shores.

The herring stock in the Gulf of Riga remains in a stable and healthy condition, and it is regarded by scientists as one
of the best-managed fisheries in the Baltic Sea. Since the late twentieth century, herring populations have remained within
biologically safe limits, supported by favourable environmental conditions for spawning and juvenile development.
Typically, warm winters lead to the formation of strong and productive year classes, whereas colder winters result in
weaker cohorts. In recent years, a succession of mild winters has created optimal breeding conditions for bay herring,
thereby contributing to the continued resilience of the stock. A range of effective management measures has been
implemented, including restrictions on vessel engine power and fishing gear size. These regulatory interventions have
played a crucial role in maintaining stock levels within biologically safe boundaries and ensuring that fishing activities
do not exert a detrimental impact on the herring population [4], [8], [25]. Scientific advice recommends a total allowable
catch of 41,635 tonnes of herring in the Gulf of Riga for 2025. This figure includes both the permissible catch within the
gulf and the projected catch of Baltic Sea herring in the same area. This represents a 9.7% increase compared with the
previous year. The proposal by the European Commission aligns with the scientific advice provided by ICES and similarly
advocates a 9.7% rise in catch opportunities [17], [20].

Coastal riser fishing, like other fishing practices, can also give rise to ecological challenges. One particularly
significant issue is the loss or abandonment of fishing gear, commonly referred to as ‘ghost nets’. These nets continue to
capture fish and other marine organisms indiscriminately, resulting in unnecessary by-catch, marine pollution, and
detrimental impacts on the wider marine ecosystem.
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Ghost nets are especially harmful as they persist in the environment for extended periods, continuing to entrap and
kill marine species, including non-target organisms. This contributes to increased by-catch and exacerbates biodiversity
loss [6], [12], [14]. Moreover, such nets can entangle and damage benthic organisms, including branching corals, which
are essential for providing habitat and breeding grounds for a variety of marine species [22].

3. Results and discussion

To address this issue effectively, it is essential to implement a range of targeted initiatives, including:

e Regular net retrieval expeditions — systematic searches and recovery operations for abandoned fishing gear at sea.

e Tagging of fishing gear — enabling the identification of lost nets and the fisheries responsible.

e Environmentally friendly materials — testing and deploying biodegradable nets that degrade naturally, thereby
reducing long-term marine pollution.

¢ Fishing waste collection programmes — encouraging fishers to return used nets to shore for appropriate recycling and
disposal.

In September 2024, the authors of this study identified a network of lost riser nets in the Gulf of the Baltic Sea, near
the Port of Engure, and subsequently organised an expedition to recover it. The net was located approximately 1.6 nautical
miles offshore at a depth of only 6 metres, posing a serious hazard to small vessels. The riser net, measuring approximately
290 metres in length, had remained submerged for around 25 years, during which it had become heavily overgrown and
had entrapped multiple fish. Divers detached the net from its moorings; however, a larger vessel equipped with a winch
was required to lift it from the seabed. This operation was carried out in collaboration with professionals from the State
Environmental Service, who assisted in documenting and highlighting the presence of these derelict nets.

Fig. 1. Clean-up of a shipwreck near the port of Engure, Baltic Sea (Latvian territorial waters)

The recovered fishing gear weighed more than two tonnes, although its precise dimensions could not be determined
underwater. Constructed from capron, a durable plastic material, the net exhibited minimal signs of degradation despite
having remained submerged for an extended period. This underscores its potential to persist in the marine environment
for many more years. Several sections of the net were torn, indicating that it had likely come into contact with watercraft
at some stage.

Fig. 2. Ghost nets, Baltic Sea (Latvian territorial waters)
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At present, no technology exists that can accurately determine the dimensions of lost fishing gear underwater; current
estimates rely exclusively on visual inspection. The development of technologies capable of detecting and measuring
such gear, as well as other submerged objects, would provide a valuable preventive tool. [2] Such innovations could
significantly enhance the monitoring of underwater debris, allowing for more precise assessments of its size and volume.
The authors of this study have identified the coordinates of several ghost nets along the coast of the Gulf of Riga. These
sites should be systematically mapped and prioritised for future clean-up operations. Riser nets, in particular, must not be
left in the water, as they are authorised for use only during a two-month fishing season. As highlighted previously, these
nets should be properly retrieved and not abandoned.

Currently, no comprehensive inventory or standardised methodology exists for assessing the extent or proportion of
ghost nets in the Baltic Sea. This observation is consistent with previous findings, which indicate that such an inventory
has yet to be undertaken [13]. It is evident that the Baltic Sea, which ranks among the most polluted seas in the world,
provides a highly degraded habitat for its marine life. Numerous shipwrecks are scattered across the Baltic Sea, including
in Latvian territorial waters, the majority of which have not yet been fully identified or surveyed. Surveys conducted to
date have revealed that a considerable amount of lost fishing gear—commonly referred to as ‘ghost nets’—has
accumulated on all examined wrecks. These nets continue to function as passive fishing gear, causing extensive damage
to the marine environment, including aquaculture areas, and posing technical hazards to vessels. Due to their synthetic
composition, they degrade very slowly, if at all, and can persist in the marine environment for decades.

At present, wrecks and submerged objects are inspected exclusively through direct visual surveys by divers. This
method is constrained by limited air supply and the maximum safe time that can be spent at depth, thereby restricting the
scope and effectiveness of such assessments [1]. Sustainability and the conservation of fish stocks are fundamental to the
long-term viability of any fishery. Overfishing can lead to the collapse of fish populations, with severe consequences for
marine ecosystems and for the livelihoods of communities that depend on fishing as a primary source of income. To
ensure the sustainable management of fish stocks, fisheries must adopt responsible and environmentally sound practices,
including:

1. Fishing within sustainable limits — Harvesting only what the stock can replenish, and avoiding the capture of juvenile
or undersized fish to allow populations to reproduce and thrive.

2. Using selective fishing gear — Employing gear that minimizes bycatch and helps avoid the capture of non-target
species, thus reducing unnecessary ecological harm.

3. Protecting critical habitats — Safeguarding vital areas such as spawning grounds and nursery habitats from damage
or destruction is essential for supporting healthy fish populations.

4. Promoting responsible behavior — Encouraging fishers to dispose of gear properly, reduce marine litter, and minimize
the use of single-use plastics contributes to a healthier marine environment.

4. Conclusion

The presence of ‘ghost nets’ in the Baltic Sea poses a serious threat to marine biodiversity. However, a comprehensive
inventory assessing their prevalence and ecological impact has yet to be conducted. These abandoned fishing nets—often
lost during storms or as a result of strong currents—continue to capture fish, marine mammals, and other marine
organisms indiscriminately over extended periods. Many of these nets are composed of synthetic materials that gradually
fragment into microplastics, thereby polluting the marine environment, entering the food chain, and threatening both
ecosystem health and human well-being. This study underscores the urgent need for collaborative solutions involving
both the fishing industry and the wider public. Raising awareness and encouraging the active engagement of fishers are
essential to effectively addressing this issue. Future strategies should prioritise the development and adoption of
sustainable fishing gear, the improvement of waste management systems, and the strengthening of international
cooperation to ensure environmentally responsible fishing practices across the region. In the Gulf of Riga—where herring
constitutes the principal target species—fishing primarily takes place from April to June, with seasonal restrictions
introduced to protect stocks during spawning. The area supports two distinct herring populations: bay herring and open-
sea herring, each managed through specific catch quotas. Conservation measures such as restrictions on vessel capacity
and temporary fishing bans have contributed to the long-term stability of these stocks. In Latvia, trawl fishing accounts
for the majority of herring catches, whereas Estonia allocates a larger proportion of its quota to coastal fishing activities.
Despite the generally healthy status of herring stocks, the persistent problem of lost or abandoned nets remains a
significant ecological concern. To mitigate these impacts, several initiatives are recommended. These include organising
regular net retrieval expeditions, promoting the use of selective fishing gear to minimise by-catch and avoid the capture
of juvenile fish, and protecting critical habitats such as spawning and nursery grounds. Fishers should also be encouraged
to adopt responsible practices, including the proper disposal of used gear, the reduction of single-use plastics, and
participation in recycling programmes. Tagging fishing equipment would facilitate the tracing of lost nets and the
identification of responsible parties. Furthermore, investment in the research and development of biodegradable fishing
gear represents a promising long-term solution, as such materials degrade naturally and reduce environmental harm.
Overfishing continues to pose a persistent threat to marine ecosystems and to the coastal communities that depend on
them.
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Ensuring the long-term sustainability of the Baltic Sea’s fisheries requires a sustained commitment to responsible
fishing practices, robust conservation measures, and the implementation of innovative, environmentally conscious
solutions. The fisheries sector is crucial for global food security and the livelihoods of millions worldwide. Ensuring the
sustainability of this industry requires effective management, responsible fishing practices, and the conservation of fish
stocks. By embracing sustainable approaches, we can protect the long-term viability of fisheries and the health of our
oceans. To minimize the environmental impact of practices such as longline fishing, stronger collaboration is needed
between fishermen, scientists, and regulatory authorities. While some regulations are already in place, their success
depends heavily on the active engagement of the fishing community and increased public awareness. Looking ahead, the
development of innovative, sustainable fishing gear and the strengthening of international cooperation will be essential.
These efforts will support responsible and environmentally friendly fishing in the Baltic Sea and contribute to the broader
goal of preserving marine ecosystems for future generations.
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