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marine biodiversity and fisheries economies. Iskenderun Bay in the Northeastern Mediterranean

ghost fishing caused by ALDFG. This study aimed to (1) assess the ecological and economic impacts

of ghost fishing, (2) document and retrieve ALDFG using minimally invasive methods, and (3)

Keywords:

Balloon method evaluate the cost-effectiveness of gear removal operations. Between May 2014 and April 2015, ghost
Ec}i’n(:?i;f‘ssessmem nets were located and retrieved in Iskenderun Bay using a combination of fishers’ interviews,
Ost rishing . L. . . .
fskenderun Bay SCUBA, ROVs, and surface-supplied diving. Three key sites were selected for retrieval operations
Marine debris using a balloon lifting method. Seabed types were categorized into four habitat classes based on

depth and substrate composition. In total, 565 kg of derelict fishing gear, including purse-seine and
trammel nets, was successfully recovered from the survey area. Reusable and recyclable materials
amounted to $5,097.72 in theoretical income, resulting in a net economic loss of $18,510. Elongation
nets, especially those lost in rocky coastal areas, posed the highest environmental risk due to their
persistent ghost fishing activity. This study represents the first large-scale ALDFG retrieval and
economic assessment in the Northeastern Mediterranean Sea. The findings emphasize the need for
systematic ALDFG monitoring, biodegradable gear use, and community-based education. Balloon-
assisted lifting proved to be an effective and ecologically responsible retrieval technique.
Establishing reporting mechanisms and policy frameworks is vital for mitigating ghost fishing

impacts in Tiirkiye and similar coastal regions.
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INTRODUCTION

Fisheries represent a cornerstone of global food

security and economic resilience, providing
livelihoods for millions worldwide (Kuczenski et al.,
2022; NOAA, 2023; Stuart et al., 2024). Nevertheless,
marine ecosystems are increasingly challenged by
overfishing, habitat degradation,
that

consequences (Lokrantz et al, 2009). Given their

and pollution-

pressures carry significant environmental

ecological diversity and productivity, aquatic
environments play a critical role in supporting
sustainability and must be protected to ensure both
ecological integrity and human well-being. In recent
years, the degradation of the physico-chemical
properties of these environments has posed a serious
threat to aquatic life. Although essential from an
economic perspective, fishing operations can
adversely impact these ecosystems in numerous ways
(Gilman et al., 2021; Gilman, 2022).

Among these environmental challenges, the issue
of abandoned, lost, or otherwise discarded fishing
gear (ALDFG) has drawn increasing scientific and
policy attention due to its long-lasting and
transboundary impacts (Macfadyen et al., 2009;
Stelfox et al., 2016; Drinkwin, 2022; Gallagher et al.,
2023; Ssempijja et al., 2024). Fishing gear may be lost
at sea due to natural forces such as storms, strong
currents, or shipwrecks (Ayaz et al., 2006). In addition,
operational failures-such as the improper securing of
marker buoys, entanglement with marine megafauna
(e.g., dolphins, whales, and seals), or damage to buoy
lines caused by seabirds-can also result in gear loss
(Worm et al.,, 2006; Liquete et al., 2013; NOAA, 2023).
Furthermore, intentional human actions-such as the
deliberate severing of buoy lines due to interpersonal
conflicts, entanglement with previously lost gear, or
this growing
problem (Gilman, 2015; FAO, 2016; Richardson et al.,
2018, 2019; Goodman et al., 2021). Additional

environmental concerns include marine tourism-

mechanical failures-contribute to

related debris, stormwater-borne waste, and irregular
disposal of refuse from vessels, all of which further
exacerbate the problem (Savels et al., 2022).

Lost fishing nets can severely disrupt marine
ecosystems by altering the sheltering and foraging

behaviors of aquatic organisms and inadvertently

causing the death of species such as seals, sea turtles,
and seabirds. These derelict nets are often referred to
as “ghost fishing” gear, as they continue to entangle
and kill marine life long after being abandoned
(Macfadyen et al., 2009; Jambeck et al., 2015; Gilman et
al, 2016; Kim et al, 2016; Hardesty et al., 2021;
Vodopia et al., 2024). The environmental impact of
ghost gear varies with the type of fishing equipment;
for example, gillnets and traps can continue to capture
organisms for extended periods (Erzini et al.,, 1997;
Matsuoka, 1999; Bullimore et al., 2001; Godey et al.,
2003; Nakashima & Matsuoka, 2004; Matsuoka et al.,
2005; Richardson et al., 2018, 2021; Hardesty et al.,
2021). Consequently, these lost devices contribute to
unregulated and uncontrolled marine mortality,
resulting in the loss of valuable aquatic resources,
declines in biodiversity, and broader ecological
degradation (Link et al., 2019).

Globally, it is estimated that approximately 6.4
million metric tons of marine debris enter the oceans
annually (UNEP, 2005; Richardson et al, 2021;
Kammann et al., 2023), with 8% to 12% of all fishing
gear used worldwide lost at sea each year (Macfadyen
et al,, 2009). In Tiirkiye alone, an estimated 1,000 to
2,000 kilometers of fishing nets are unintentionally
abandoned in marine environments annually. The
scale, distribution, and consequences of ALDFG have
grown markedly in recent decades, driven by the
expansion of industrial fishing and the use of durable,
synthetic, and buoyant materials in gear production
(Macfadyen et al., 2009). The economic loss associated
with lost fishing gear in Tirkiye is estimated to be
around 6 million $ (Tasliel, 2008). Moreover, ghost
gear contributes to substantial ecosystem damage and
species mortality, with an estimated one million
seabirds and over 100,000 marine mammals dying
annually from entanglement (Ayaz et al., 2010; Gall &
Thompson, 2015; Gray & Kennelly, 2018).

Research on ghost nets in Tiirkiye remains scarce,
with only a limited number of studies conducted thus
far-primarily in Izmir Bay (Ayaz et al., 2004) and the
Karatas and Yumurtalik regions of Iskenderun Bay
(Tashel, 2008).

Iskenderun Bay has been acknowledged since the

The rich fisheries potential of

1940s (Kosswig, 1955). The region harbors a diverse

and economically valuable array of marine species.
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Given the expansive nature of its fishing grounds, the
unintentional loss of fishing gear presents a high risk
of widespread dispersal across the seafloor. Fishers
have frequently reported the accumulation of
abandoned gear in the bay’s natural benthic habitats,
a situation exacerbated by advancing fishing
technologies and increasing harvest intensity.
Iskenderun Bay hosts various fishing practices,
including basket traps, bottom-set gillnets, trawling,
and purse seining. Gear loss can result from different
operational scenarios: extension nets may drift or
become entangled in muddy or rocky substrates, trawl
nets may be lost due to fishing errors or rope
breakage-especially when buried in sediment-while
purse seines are often lost when they become
ensnared on rocky seabeds.

The objectives of this study were threefold: (1) to
visually document the ecological impacts of lost
fishing gear in the Northeastern Mediterranean Sea
and to undertake the region’s first underwater
retrieval operations using an ecologically sensitive
balloon lifting technique; (2) to estimate both the
economic loss associated with ghost fishing gear and
the cost of gear recovery; and (3) to develop a
methodological framework that ensures diver safety
and cost-efficiency, serving as a foundation for future

large-scale retrieval efforts in the area.

MATERIAL AND METHODS

This study was carried out in designated fishing
grounds within Northeastern Mediterranean Sea
between May 2014 and April 2015. Despite notable
advancements in marine survey technologies, the
detection and identification of lost fishing nets remain
technically challenging. Photographic documentation
collected during long-term field studies highlights the
detrimental effects of ghost nets on marine life and the
the
ecosystem. Figure 1A and 1B,

Northeastern Mediterranean Sea
in the

Northeastern Mediterranean Sea, depict sections of a

broader

taken

damaged trawl net entangled on a submerged wreck,
with dead fish visibly trapped within the netting.

The methodological approach adopted in this
research involved a combination of advanced
technologies and local ecological knowledge. Initially,

target areas were identified based on information

obtained through interviews with local fishers. These
areas were then systematically surveyed using a suite
of tools, including remotely operated vehicles (ROVs),
SCUBA diving, and surface-supplied diving systems
(Figure 2). PVC-bodied, parachute-type lifting
balloons were used during the lifting operations, each
equipped with a single-dump system and a safety
valve. Three balloons with capacities of 200 kg, 500 kg,
and 1000 kg were employed, all manufactured from
high-strength PVC material and designed to provide
controlled buoyant lift with overpressure protection
for safe underwater handling. In addition, a remotely
operated vehicle (ROV) was utilized to support
imaging and operational monitoring throughout the
fieldwork. The ROV is capable of operating at depths
up to 120 m, capturing 720p HD video, and is powered
by a propulsion system consisting of two horizontal
and one vertical thruster, allowing a maximum speed
of 3 knots. With its stable imaging capability,
maneuverability, and compact configuration, the ROV
played a critical role in object detection, guidance, and
real-time monitoring of the lifting balloon operations,
thereby enhancing both the safety and efficiency of the

activities. Through this
the depth, and physical

characteristics of abandoned fishing gear were

underwater integrated

approach, presence,
comprehensively documented.

The fishing gear identified in the study area
consisted of various types of derelict nets. These
included passive gear types, such as trammel nets and
cage traps, and active gear types, including purse
seines. The condition of the retrieved gear was
systematically assessed during diving operations,
with particular attention to whether the nets were
buried, overgrown with algae, or still functioning as
unintended traps for marine organisms.

To support a structured analysis, the seabed
environments within the study area were categorized
into four distinct habitat types based on depth and
substrate characteristics:
¢ Type 1: Shallow rocky and reef areas (< 30 meters),
e Type 2: Shallow seagrass-dominated areas (< 30

meters),
e Type 3: Shallow sandy and muddy areas (< 30
meters), and

¢ Type 4: Deeper rocky and reef areas (30-60 meters).
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Figure 1. (A) Ghost net identified within the study sites, representing lost fishing gear persisting on the seafloor; (B)

Dead fish entangled in a damaged trammel net found snagged on underwater wreckage in the Northeastern

Mediterranean Sea (Photographs taken during field operations; original content).

Figure 2. (A) Underwater survey operations conducted by SCUBA divers for the identification and documentation

of lost fishing gear; (B) Deployment of a remotely operated vehicle (ROV) to support visual inspection and mapping

of submerged ghost nets in the Northeastern Mediterranean Sea (Original field documentation).

In the second phase of the study, three sites within
Northeastern Mediterranean Sea were strategically
selected based on variability in seabed habitat types
and depth profiles. These areas encompassed a
diverse array of substrate compositions, including
reef, sandy, muddy, pebbly, rocky, and vegetated
The designated
represented ecologically distinct stations across the

bottoms. locations (Figure 3)

bay. The structural heterogeneity of these benthic

environments allowed for a comprehensive

assessment of the spatial distribution of abandoned

fishing gear, as well as an evaluation of the

effectiveness and adaptability of the balloon-assisted
retrieval method wunder varying environmental

conditions (Figure 4).

In the third phase of the study, an analysis was
undertaken to identify the most cost-effective method
for the retrieval of lost fishing nets from the selected
locations. The fourth phase expanded the scope to a
comprehensive economic assessment of ghost gear
and its associated impacts. From an economic
perspective, two were

principal components

evaluated: (1) the financial loss incurred by fishers as
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a result of gear loss, and (2) the operational costs
involved in locating and retrieving derelict nets from
the seafloor. For the purposes of this analysis, “net
materials” were defined to include all structural
components of the gear, such as netting fabric, ropes,
lead sinkers, and floaters. Total economic losses and
recovery expenditures were estimated using up-to-
date market prices, providing a realistic quantification
of the financial burden that ghost fishing imposes on
both individual stakeholders and the fisheries sector

as a whole.
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Figure 3. Map of the study area extending between
the

Mediterranean Sea, indicating the locations-marked

Konactk and Keldag in Northeastern
with solid red circles-where ghost nets were identified
and retrieved during field surveys (Geospatial data
compiled from dive operations and remote sensing
tools) WKeldag-Uzunkaya, @Keldag-Dogruca Burnu,
and ®Konacik-Kale (Modified from Ozyilmaz et al.,

2024).

Figure 4. Retrieval of lost fishing nets from the

seafloor using the balloon lifting method, a technique
designed to minimize disturbance to sensitive benthic
habitats while enabling the safe extraction of ghost
gear to the water surface (Original documentation

from field operations).

The economic loss associated with ghost fishing

can be formulated as follows:

e Economic Loss = Cost of acquiring new
fishing gear (i.e., expenses incurred by fishers
to replace lost nets and continue their
operations) + Net removal costs (i.e., labor

costs + additional operational costs)

e Economic Income = Reusable materials (e.g.,
lead weights, floaters) + Recyclable materials

(e.g., nets, ropes)

o Total Expense = Economic Loss — Economic
Income

For future research, a more comprehensive cost or

cost-effectiveness analysis would benefit from
expanded data collection. This should encompass not
only the direct expenditures related to gear loss and
recovery operations but also potential economic gains
from ongoing fishing activities and alternative
revenue streams-such as the resale or recycling of
from

retrieved  materials-arising implemented

mitigation strategies.
RESULTS

The approach adopted in this study aimed to
assess the impact of lost fishing nets across different
seabed habitats and to facilitate their removal from the
marine environment. Sampling operations were
conducted at three locations: Keldag-Uzunkaya,
Keldag-Dogruca Burnu, and Konacik-Kale. Several
ghost nets were identified and successfully retrieved
from these sites. Specifically, a 55 kg elongation net
was removed from a depth of 35 meters at Keldag-
Uzunkaya, a 400 kg purse seine net was extracted
from 40 meters at Keldag-Dogruca Cape, and a 110 kg
purse seine net was retrieved from 45 meters at
Konacik-Kale.

Analysis of the collected data indicated that fongue
elongation nets accounted for the highest proportion of
lost gear in the area, followed by shrimp nets and other
elongation net types. In the Keldag region in
particular, the greatest losses occurred among
elongation nets deployed parallel to rocky coastal
zones, locally referred to as “big eye” or “rubble”

areas. These findings suggest that shrimp and tongue
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elongation nets-given their structural characteristics,
shallow deployment depths, and exposure to strong
currents and storms-are less likely to maintain their
physical integrity over time. However, when these
nets become entangled in rocky substrates, they are
less likely to be displaced or degraded, thereby posing

a long-term environmental hazard.

Various types of traps were also encountered in the
study area. These traps-targeting species such as
grouper, sea bream, and coral-are typically deployed
in rocky habitats using sardine-like bait. The loss of
such gear, particularly due to adverse weather
conditions, can lead to uncontrolled fish mortality,
exacerbating the ecological consequences of ghost

fishing.

The direct cost associated with the retrieval of
ghost nets was calculated at $6,970 (Table 1). This

estimate excluded expenditures related to balloon lift

systems, underwater imaging equipment, and tubing
materials, which were not covered within the scope of
the project. Moreover, labor costs were largely
assumed by the research team, further reducing
overall project expenses. The estimated economic
income of $5,097.72 (Table 2 and Table 3) represents a
theoretical valuation of the reusable and recyclable
components recovered from the retrieved nets. In
contrast, the $14,060 figure reflects a hypothetical cost
for fishers to replace the lost nets with new gear. These
figures culminate in a total economic loss estimate of
$18,510 (Table 4), representing the projected financial
burden to the national economy attributable to ghost

gear in the region.

This study also highlighted that elongation nets-
particularly those continuing to capture marine
organisms’ post-loss-pose the highest ecological risk

among all identified gear types.

Table 1. Work breakdown and cost analysis ($) for diving operations conducted at selected ghost net retrieval

locations in the Northeastern Mediterranean Sea

Location Work Breakdown and Costs Grand Total ($)
Diver’s Superior Boat Subsistence
wage*  wage**  rental (Viaticum)
Keldag-Uzunkaya (2 days, 5 divers, 1 superior) 1600 400 900 90 2990
Keldag-Dogruca (1 day, 5 divers,1 superior) 800 200 900 90 1990
Konacik-Kale (1 day, 5 divers, 1 superior) 800 200 900 90 1990
Total cost ($) 3200 800 2700 270 6970

Note: *Diver wage (person/day) = 160 $. **Superior wage (person/day) =200 $.

Table 2. Quantity and estimated economic value ($) of reusable and recyclable materials-such as nets, lead sinkers,

floats, and ropes-retrieved from ghost fishing gear at different locations in the Northeastern Mediterranean Sea

Location Fishing Gear = Extracted Net Net (kg) Lead (kg)  Float (pcs) Rope (kg)
Type Weight (kg)
Keldag-Uzunkaya Trammel Net 55 7.3 31.84 289 4.34
Keldag-Dogruca Purse Seine 400 394 6 0 0
Konacik-Kale Purse Seine 110 97 13 0 0
Total 565 498.3 50.84 289 4.34
Table 3. Unit prices and total estimated economic value
Material Unit Price ($) Total Quantity Estimated Value ($)
Net (kg) 10 498.3 4983
Lead (kg) 0.5 50.84 25.42
Float (pcs) 0.3 289 86.7
Rope (kg) 0.6 4.34 2.6
Total 5097.72
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Table 4. Estimated costs ($) associated with operational activities conducted during the study

Description Amount ($)
Fishnets Removal Cost 6970

New Mesh Cost 14060

Total Economic Loss (Removal + New Mesh Cost) 21030
Economic Income 2520

Total Expense 18510

The most effective strategy for mitigating ghost
fishing is to implement preventative measures that
directly address the root causes of fishing gear loss.
These efforts should be embedded within a broader
framework of integrated coastal zone management
and sustainable fisheries governance. One such
innovation developed by the fisheries sector involves
time-release mechanisms, which are engineered to
deploy small surface buoys at preset intervals. These
buoys assist in the relocation and retrieval of lost gear,
thereby reducing the likelihood of long-term ghost
fishing.

In the context of trap fishing, similar systems are
employed to link the trap entrance to an escape hatch,
which opens automatically after a predetermined
period, allowing any captured organisms to escape
and rendering the gear inoperative. In Tiirkiye, multi-
panel nets often remain deployed for extended
durations, increasing the risk of loss. To minimize
these risks, it is essential that the location of deployed
fishing gear is clearly marked and visible to other
fishers. For example, during nighttime fishing,
equipping net buoys with lights can help prevent
overlap and potential gear conflict, thereby reducing

unintentional losses.

Complementary to technological solutions,
comprehensive studies aimed at quantifying the
extent and identifying the causes of gear loss in
commerecial fisheries are critical. Such data are vital for
evaluating the magnitude and ecological impact of
ghost fishing. In line with regulatory compliance, all
ghost nets and fishing gear recovered during this
study were formally transferred to the Hatay

Provincial Directorate of Agriculture and Forestry,

Department of Fisheries, in accordance with the

provisions of Fisheries Law No. 1380.

DISCUSSION

This study offers critical insights into the ecological
and economic consequences of ghost fishing caused
by abandoned, lost, or otherwise discarded fishing
gear (ALDFG) across various benthic habitats in the
Northeastern Mediterranean Sea. The successful
identification and recovery of ghost nets from diverse
seafloor types-including rocky reefs, sandy substrates,
and seagrass meadows-underscores the widespread
and pressing nature of the problem. The findings
emphasize the necessity for integrated, habitat-
sensitive fisheries management strategies. Notably,
elongation nets, particularly those deployed in
shallow rocky coastal areas, emerged as the most
frequently lost gear type and the greatest ecological
threat due to their prolonged capacity to entangle
marine life. These results are consistent with global
research highlighting the persistent ecological risks
associated with passive fishing gear once abandoned
(Macfadyen et al., 2009; Gilman et al., 2016; Gajanur &
Jaafar, 2022).

Although ALDFG is a recognized concern in
marine ecosystems, its full ecological footprint
remains underexplored (Wasave et al, 2025). In
Tiirkiye, scientific investigations on ghost fishing have
thus far been limited to localized studies in areas such
as Izmir Bay (Ayaz et al., 2004), the Sea of Marmara
(Ucar & Oztekin, 2023), the

Environmental Protection Area (Ayaz et al., 2010), and

Gokova Special

specific locations in Iskenderun Bay (Tashel, 2008).

These prior efforts largely focused on quantifying lost
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gear and identifying contributing factors. He &
Suuronen (2018) suggests that appropriate gear
marking technologies effectively help identify ALDFG
sources, track entangled gear on marine organisms,
and reduce marine litter. The present study expands
upon this foundation by offering a comprehensive
assessment of ghost net locations, gear types, and
associated economic costs. As the most productive
fishing ground in the Eastern Mediterranean,
Iskenderun Bay supports a broad array of fishing
activities, including trawling, purse seining,
gillnetting, longlining, and trap fishing. Interviews
with local fishers confirmed that gear loss is common,
driven by both environmental pressures (e.g., storms,
strong currents) and operational constraints (e.g., gear
overlap). Extensive field surveys involving SCUBA
and ROV-based inspections confirmed the presence of
ghost nets across varying depths. To mitigate further
ecological =~ damage  during  retrieval, an
environmentally sensitive balloon-assisted recovery
technique was employed, marking a notable
methodological advancement over conventional gear

removal approaches.

This study builds on earlier estimates by Tashel
(2008) by not only quantifying seasonal gear loss in
Karatas and Yumurtalik but also by documenting gear
classification, spatial distribution, and retrieval costs.
Consequently, this work provides a more holistic
understanding of the ghost fishing issue in the region
and serves as a scientific foundation for future policy

formulation and sustainable fisheries practices.

Extensive national and international research has
documented the scale and consequences of ghost
fishing. For instance, during the 2006-2007 season, a
total of 1,856 nets-including shrimp gillnets and
standard gillnets-were reported lost along Istanbul’s
coastline, with an estimated combined length of 226
kilometers (Yildiz & Karakulak, 2010). Ucar & Oztekin
(2023) reported that purse seines constituted 60% of
lost gear, followed by gillnets (29%) and bottom-set
nets (6%). Historical data indicate that along the
Istanbul coast alone, approximately 229.5 km of
gillnets, 2.7 km of fishing lines, and 14 traps were lost
in 2008, with turbot nets representing the highest
proportion. Similar patterns were observed by

Samsun (2004), who documented the recurring loss of

turbot nets in the Black Sea due to retrieval difficulties.

Ayaz et al. (2004) reported the loss of 200-280 km
of gillnets in [zmir Bay in 2002, primarily due to
entanglement, adverse weather, and insufficient gear
marking. International studies support these trends.
For example, lost gillnets in Norwegian waters were
found to entangle valuable species such as plaice,
while Godoy et al. (2003) observed high mortality
rates in ghost crab traps in the Barents Sea, where
recovered traps often contained dead crabs or skeletal
remains. Similar results were seen in Iskenderun Bay,
where recovered ghost traps contained both deceased

and decomposing marine organisms.

This study further demonstrates that, in addition
trammel nets, diverse
fyke

contribute to ghost fishing in the region. Because

to gillnets and trap

configurations-such  as nets-substantially
passive gear is inherently designed to capture marine
life even when unattended, its loss represents a
persistent ecological hazard (Gilman, 2015). Once lost,
such gear can remain active for extended periods,
continuing to trap marine organisms until it is either
retrieved or naturally degraded-a process that can
span several years depending on environmental
conditions (Miller, 1990). This long-term entrapment
exacerbates the depletion of marine resources and

degradation of benthic habitats.

Trammel net fishing in Iskenderun Bay occurs
year-round and is prevalent in small-scale fisheries.
Seasonal depth ranges vary, with operations typically
taking place between 10-60 meters from December to
May and between 60-125 meters from May to
November. According to small-scale fisheries data,
approximately 227 vessels engage in trammel net
fishing in the region. Their distribution spans Karatas
(82), Yumurtalik (47), Golovast (43), Dortyol (13),
Iskenderun (21), Arsuz (14), and Cevlik (7) (Ozyurt et
al., 2008).

Species composition also influences ghost fishing
dynamics. Carr et al. (1992) observed that although net
efficiency declines rapidly, the capture rate of
crustaceans such as shrimp may actually increase,
even in deteriorated gear. The duration of gear

functionality is largely influenced by environmental
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conditions and seabed structure. Studies by Matsuoka
et al. (2005) and Nakashima & Matsuoka (2004) found
that gear entangled in rocky or reef habitats tends to
retain its three-dimensional form for longer periods,

enabling prolonged ghost fishing activity.

The mechanical disturbance caused by trawling
also contributes to habitat degradation. Jennings &
Polunin (1996) noted that trawl doors suspend
sediment and generate turbulence that directs fish into
nets. The adverse impacts of ghost fishing gear
encompass significant environmental damage, such as
habitat

degradation, as well as substantial economic costs,

continued  unintended catches and
including clean-up efforts and reduced fishery
productivity (Macfadyen et al., 2009). Continued
mortality caused by lost nets and traps depletes fish
stocks and results in unrecorded economic losses.
Although the finite nature of marine resources has
been recognized since the 1960s (Bingel, 2002), the
mortality caused by ghost gear remains largely
invisible to stock assessments and economic planning,

thereby undermining sustainability goals.

This study holistically evaluated both the
environmental impacts of ALDFG and the economic
costs associated with gear loss and recovery.
Comparable research by McIntyre et al. (2023) in
Southwest Nova Scotia revealed that abandoned
lobster traps continued to affect biodiversity and
fishing productivity long after their loss. The findings
of the present study are consistent with these
observations and further underscore the multifaceted

risks posed by ghost fishing.

The use of ROV technologies and SCUBA in this
study aligns with monitoring protocols reported by
Liu et al. (2023) in Taiwan’s Penghu Islands. The
balloon-assisted lifting technique used for gear
recovery proved to be a low-impact and ecologically
sound alternative, paralleling best practices employed
by Royer et al. (2023) in the Hawaiian Islands and
Palmyra Atoll.

Community engagement was also central to the
present study. Collaboration with local fishers and the
promotion of awareness campaigns reflect
participatory strategies endorsed by Mengo et al.

(2023), who highlighted the importance of local

ecological knowledge in designing effective
mitigation measures. Furthermore, the study supports
the use of biodegradable fishing gear as a long-term
solution to ghost fishing, echoing findings from
Drakeford et al. (2023), who demonstrated its
economic and ecological feasibility in the English

Channel.

Finally, addressing ALDFG requires international
coordination. Liu et al. (2024) emphasized the
importance of trilateral cooperation in the Sulu-
Sulawesi Seas, supporting the present study’s
recommendation to develop cross-border reporting
systems and collaborative management frameworks.
As ghost fishing is a transboundary issue, only
harmonized regional responses will yield sustainable

outcomes.

CONCLUSION

This study presents one of the first comprehensive
assessments of the ecological and economic impacts of
abandoned, lost, or otherwise discarded fishing gear
(ALDFG) in the Northeastern Mediterranean Sea.
Through the use of ecologically sensitive methods-
such as  balloon-assisted  retrieval-and an
interdisciplinary approach integrating field surveys,
diver observations, and economic evaluation, the
study reveals the magnitude and complexity of the
ghost fishing problem in the region. The findings
demonstrate that elongation nets, particularly those
lost in shallow rocky areas, pose the highest ecological
risk due to their prolonged entanglement potential.
The recovery of over 565 kg of fishing nets and
associated components underscores the persistence of
ghost gear and its capacity to continue inflicting
environmental damage long after abandonment. In
economic terms, the retrieval and replacement costs
amounted to $21,030, while the potential recovery
income from recyclable materials remained
significantly lower, at $5,097.72-resulting in a net loss
of $18,510 to the regional fisheries sector. The study
also highlights the operational challenges and risks
involved in ghost net removal. The success of the
balloon lifting method illustrates the feasibility of low-
benthic

environments, yet also calls attention to the need for

impact gear retrieval in sensitive

professional safety protocols and pre-removal habitat
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assessments. Importantly, the research emphasizes
that technical interventions alone are insufficient.
Reducing the incidence of ALDFG requires a

multifaceted strategy, including:

e The promotion of biodegradable fishing gear,

e The implementation of gear marking and

tracking technologies,

e The design of habitat-specific recovery

protocols, and

e The active involvement of local fishing

communities  through education and
awareness campaigns.

Finally, the findings underline the importance of
establishing national and regional frameworks for
systematic ALDFG monitoring, reporting, and
response. Given the transboundary nature of marine
debris, Tiirkiye’s engagement in cooperative
Mediterranean-wide initiatives will be critical in

addressing the ghost fishing problem at scale.
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