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Abstract. The Black Sea is the largest semi-enclosed waterbody, with
anoxic deep waters, and suffers from ecological degradation due to human
activities, including eutrophication, overfishing, pollution, military
conflicts, and land reclamation. For instance, in the Southeastern Black Sea
region of Turkiye, rapidly growing coastal cities strain the narrow coastal
zone. Land reclamation is frequently becoming a go-to solution for local
governments seeking expansion. This study investigated the impact of
human intervention on the coastline and its associated habitats in Trabzon
city, Turkiye, between the 1960s and 2015. This study examined coastline,
and habitat changes in the study area by comparing remote sensing data and
Geographic Information Technology (GIS) for comparison. Additionally,
coastal bathymetry data were used to create a 3D model of the coastal
habitats. Analysis of this approximately 20 km coastline revealed a
significant loss of coastal habitat of roughly 305.06 ha - over the 50-year
period. This loss encompasses shallow water habitats up to 26 m deep and
most natural sandy habitats. Ground-truthing confirmed that reclaimed
coastal land has been converted for various land uses, including roads, car
parks, sports, and recreation facilities. This study contributes to the
policymakers in decision making for coastal development practices in the
region.

1 Introduction

Coastal areas are recognized as some of the most productive and biologically diverse
ecosystems on Earth. These regions are among the most dynamic on the planet, constantly
evolving owing to the interplay between land and sea [1]. Coastal zones are unique and fragile
environments in which land and marine processes interact and change [2]. Coastal changes
can occur naturally because of geological and hydrodynamic processes. However, human
activities, such as coastal intervention, land reclamation, construction, and sand mining can
significantly disrupt these natural processes and accelerate coastal changes [3]. Coastal
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changes can have both beneficial and detrimental effects. Artificial coastlines disrupt natural
processes and causeerosion and sedimentation [4]. In addition, coastal interventions can alter
habitats and affect biodiversity [5].

The Black Sea, which has a unique and ecologically sensitive marine ecosystem, is facing
increasing anthropogenic pressure [6,7]. As the world’s largest semi-enclosed water body, it
is critical for the regional climate and biodiversity [8]. However, decades of human activity,
such as eutrophication, overfishing, pollution, and military conflicts, have led to significant
degradation of the marine environment [9]. The Black Sea coastal zone is particularly
vulnerable to human impact. Rapid urbanization and population growth in countries,
including Turkiye, have increased the pressure on these fragile coastal areas [10]. Land
reclamation has become a common practice for supporting the expansion of urban areas and
infrastructure. While offering short-term solutions, this approach often has detrimental
effects on coastal ecosystems [11]. In the southeastern Black Sea region, human-induced
coastal change has been particularly pronounced with rising urbanization, tourism, and
industrialization, further intensifying these pressures [12]. A study by Eriiz et al. [13] found
that coastal road construction in the southeastern Black Sea led to a significant loss of natural
coastlines. This highlights the vulnerability of the region’s unique ecosystem.

The southeastern Black Sea in Turkiye, including Trabzon city, is an example. The
narrow coastal zone is undergoing rapid development, with land reclamation projects
transforming the shoreline at an alarming rate [12]. Despite the increasing awareness of the
negative impacts of coastal development, comprehensive studies quantifying habitat loss and
its ecological consequences in this region remain limited [13].

Both natural and anthropogenic coastal changes, including the impact of human
intervention and habitat loss, can be analyzed using remote sensing techniques [14,15]. This
involves analysis of aerial photographs, satellite imagery, and other data collected at different
times. Direct GPS measurements, along with printed and digital maps, aerial photographs,
satellite images, and time-series imagery, can be processed using Geographic Information
Systems (GIS) to analyze coastline changes, natural and anthropogenic area and volume
changes, and associated habitat loss [11,16]. Remote sensing data are especially effective for
coastal monitoring in countries with extensive coastlines, such as Turkey [17], and offer a
cost-effective method for collecting spatial and temporal data [18].

To bridge this knowledge gap, this study investigated the impact of human intervention
on the coastline and associated habitats in Trabzon city between the 1960s and 2015. Using
remote sensing and Geographic Information System (GIS) techniques, we aimed to (1)
quantify the extent of coastal habitat loss due to land reclamation, (2) analyze changes in
habitat types, and (3) identify the implications of these changes in the marine ecosystem.

To develop efficient conservation and management plans, it is essential to understand the
pace and trends of coastal habitat loss in Trabzon city. The results of this study will aid in the
general understanding of how human activity affects coastal ecosystems and offer useful
information for policymakers and managers of coastal zones.

2 Methodology

2.1 Study area

The study area encompasses approximately 20 km of coastline in Trabzon city, Southeast
Black Sea, Turkiye (Fig. 1). Trabzon is one of the largest cities in Turkey's southeastern
Black Sea region, covering approximately 4,865 square kilometers and has a growing
population of 335,628 people, making it the third most populous city in the region [19]. The
region's economy is driven significantly by tourism, fishing, and maritime activities, with the
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sea serving as a crucial hub for trade and transportation [20]. Trabzon has been a key seaport
for centuries, linking various ports in the Black Sea and coastal cities. Its strategic location
is further enhanced by the vast hinterland accessible through a robust road network extending
into central Anatolia and reaching as far as the Caucasus and Iran [21].
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Fig. 1. Study area in Trabzon city coast, Turkiye

Trabzon city features a mountainous landscape with steep slopes that descends directly
into the Black Sea [22]. While this rugged terrain has historically restricted coastal
development, recent decades have seen rapid urbanization and industrialization, intensifying
the pressure on fragile coastal ecosystems [12,13]. The climate of the region, characterized
by heavy rainfall and frequent fog, drives intense erosion and sediment transport, shaping the
dynamic coastline [23]. Additionally, the presence of diverse coastal habitats such as rocky
shores, sandy beaches, rocky cliffs, and estuaries highlights the ecological richness of the
area.

This study analyzed coastal data from 1957 to 2015, focusing on this timeframe because
of the significant increase in coastal interventions, such as development and construction,
along the Eastern Black Sea coast, including Trabzon, between 1960 and 2015 [13,24].

2.2 Dataset

To monitor changes in coastal areas, this study utilized multi-temporal remote sensing
datasets and geographic information system (GIS) techniques. A time-series analysis was
conducted to track changes in the coastline over time. By comparing data from different
periods, changes in land cover (waterbody and land), shoreline position, and coastal features
were identified and assessed [25].

To monitor coastline changes over a fifty-five-year period, historical maps derived from
1:25.000 scale aerial photographs taken in the 1960s were used as baseline coastal data. Old
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maps were obtained from the General Directorate of Mapping, Republic of Turkiye. The
physical maps were scanned and converted into a digital format for coastline digitization.
The coastal data for 2015 derived from satellite imagery with the same spatial resolution
represent the recent conditions obtained from the KTU GIS Lab (derived from WorldView-
1 satellite). To assess hydrographic changes along the Trabzon coast and determine changes
in coastal water, a 1:100,000 scale bathymetric chart of the Southeast Black Sea produced in
2014 by KTU Siirmene Marine Science Faculty as part of the Turkish TUBITAK MAM “Our
Seas Monitoring Project” was used. All data were processed using the WGS84 datum and
UTM Zone 37 North projection.

2.3 Coastline Change Analysis

Changes in coastal areas that are subject to constant transformation can be monitored both
spatially and temporally. To determine changes in coastal areas, specific regions must be
monitored and documented over time. By comparing the historical and current data of the
same coastal areas, it was possible to determine the spatial and temporal changes in the
coastlines.

To assess temporal changes in the coastline and associated habitats, remote sensing data
and Geographic Information System (GIS) techniques were utilized. Multi-temporal data
from the 1960s to 2015 provided a synoptic view of the study area, allowing the identification
and delineation of coastal features. Digitation and classification techniques through visual
interpretation were used to extract information on the coastline position, land, and coastal
water. Subsequently, GIS analysis was applied to quantify the changes in coastal areas,
habitat types, and spatial distributions over time. Additionally, bathymetric data were
incorporated to create a three-dimensional model of the coastal environment, providing a
deeper understanding of habitat loss and its implications, as shown in Figure 2.

An overlay method was used to analyze coastline change by comparing the 1960 and
2015 coastlines. This approach identified areas where the coastline advanced seaward,
indicating sedimentation, and areas that retreated inland, indicating erosion or abrasion. The
primary cause of these changes in this study was human activity, specifically, extensive
coastal reclamation. The rate of coastal change was calculated by measuring coastline
displacement. A visual representation of the methodology used in this study is shown in
Figure 3.

All image processing, geospatial analysis, and data visualization were performed using
the open-source software tool QGIS 3.28.15-Firenze [26].
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Fig. 2. Coastline and habitat change analysis illustrations.



BIO Web of Conferences 168, 05003 (2025) https://doi.org/10.1051/bioconf/202516805003
ISOSS 2024

Multi-temporal data J‘

. 4

On screen digitation

A 2
/ Coastlines /
A 4

Overlay
.4

Coastline and habitat /
change analysis

Fig. 3. Coastline and habitat change analysis workflow

3 Results and Discussion

Trabzon city boasts a 20 km coastline, the second longest in the province. Coastal reclamation
in Trabzon city began in the 1970s, and continued intermittently until the 2000s. Trabzon
city continues to undertake coastal reclamation projects.

The results revealed that between 1960 and 2015, approximately 305.06 hectares of land
were gained through coastal reclamation in Trabzon city, resulting in a loss of 304.49 hectares
of ecologically significant coastal habitats, as shown in Figure 4. Additionally, 11,775,362
m?® of habitat or water bodies were destroyed during this period. Reclamation projects in the
central district primarily affected the sandy (63.40%) and rocky (36.6%) coastal habitats
(Figure 5). Most of these sandy habitats later replaced by concrete structure due to land
reclamation along the city’s coastline. Analysis and field observations revealed that Akyazi
and Moloz underwent the most significant changes in the district of Trabzon. In these areas,
reclamation extended 530-550 meters from the initial coastline and reached depths up to 26
m.
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Fig. 4. Coastline changes in Trabzon city from 1960s to 2015
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Fig. 5. Initial coastal habitat composition in Trabzon city
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Fig. 6. Coastal area changes in Trabzon city Moloz (left) and Akyazi (right).

Analysis of the Trabzon coastline revealed substantial loss of coastal habitat between
1960 and 2015. Shallow water habitats and sandy shores were converted into anthropogenic
land use. The rate of coastal erosion varied across the study area, with some sections
experiencing an accelerated shoreline retreat. The 3D bathymetric model indicated a
significant reduction in water depth due to land reclamation activities, impacting marine
ecosystems, and hydrodynamic processes. Ground-truthing confirmed that reclaimed land
has been converted into various infrastructures, including roads, parking areas, and
recreational facilities, highlighting the extent of human intervention in the coastal zone.
These reclaimed areas are now used for roads, buildings, green spaces, playgrounds, and
recreational facilities. In addition to reclamation, the coastline of the district was affected by
the construction of three ports/fishing shelters and 24 coastal protection groins.

Moloz is the primary location in central Trabzon and has undergone significant and
continuous transformation, with new reclamation projects undertaken in every planning
phase (Figure 6, upper). Field investigations and documentation revealed that the reclaimed
area now accommodates highways, rest areas, parks, walking paths, sports facilities, markets,
petrol stations, municipal parking lots, fire stations, storage areas, and other facilities. In
addition, a portion of the former storage area remains vacant.

A Field survey and coastal analysis of the Akyazi area revealed that in addition to a
previously constructed highway, approximately 78.5 hectares of the reclaimed land in the
eastern part has been developed into a football stadium and sports facilities. Meanwhile, the
western part of the area has yet to be finalized in terms of its development plan (Figure 6,
lower).

In Trabzon, the Giilcemal project was underway in 2016, targeting an area of 800,000
square meters (80 ha) between Besirli and Kemerkaya. Although the exact location, extent,
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and nature of this new reclamation project, similar to the Akyazi project, will be determined
upon project completion, its stated purpose is to create new social and cultural spaces for the
city, provide public access to the sea, and attract both local and foreign tourists.

Coastal planning and reclamation activities in Trabzon have significantly altered the
coastline and hydrographic features of the region. The construction of reclamation structures
and coastal infrastructure has led to the transformation of natural sandy and rocky habitats,
resulting in near-complete loss of natural sandy beaches and shallow sandy habitats.
Consequently, a large portion of Trabzon's natural sandy habitats have been converted into
rocky habitats. As reported by Ge et al. [S] and Bianchini et al. [27], such physical coastal
interventions not only modify topographic features, hydrology, and water circulation
systems, but also exacerbate coastal erosion, increase land-based pollution, alter sediment
transport and deposition processes, and cause shallowing in harbor areas and shipping routes.
Additionally, the ecosystems and marine life in reclaimed and filled areas have been
significantly damaged or destroyed.

The shallow coastal waters of the Black Sea are crucial for maintaining the function of
the coastal ecosystems in the region. Because of the anoxic, hydrogen sulfide-rich deep
waters that comprise over 87% of the Black Sea, only the top 10% of the water column can
support life (Figure 7). Consequently, marine organisms in the Black Sea rely on oxygenated
shallow surface waters for their survival. Bag¢inar et al. [28] found that the abundance and
diversity of benthic organisms in the Eastern Black Sea significantly decreased below a depth
of 35 m. Extensive reclamation along the Trabzon coast has further endangered these benthic
organisms and their habitats, deepening coastal waters in reclaimed areas to 5-25 meters and
further destroying the limited shallow-water habitat.

Salinity» 22% 0% Oxygen » Fresh Water

Anoxic (Free
of Oxygen)

The Bosporus Strait Is 0% Sulfide »
a Barrier for Water Circulation

Mediterranean Sea Water

Fig. 7. Illustration of oxic and anoxic layers of the Black Sea ecosystem [29]

The substantial loss of coastal habitats in Trabzon city, as evidenced in this study, is a
critical concern. The conversion of diverse coastal ecosystems into artificial ecosystems has
far-reaching ecological consequences including habitat loss, biodiversity decline, and
erosion. The reduction of shallow water habitats is particularly alarming, as these areas
support crucial ecological functions, such as nursery grounds for fish and other marine
organisms. Moreover, the alteration of coastal topography through land reclamation can
modify hydrodynamic processes, thereby impacting water circulation, sediment transport,
and wave energy dissipation. These changes can trigger cascading effects in marine
ecosystems. Therefore, it is imperative to adopt sustainable coastal management strategies
that prioritize habitat conservation, restoration, and protection. This requires enforcing strict
land reclamation regulations, promoting development approaches, and investing in coastal
ecosystem-based management plans. Additionally, the presence of diverse coastal habitats
such as rocky shores, sandy beaches, and submerged vegetation underscores the ecological
richness of the area. Coastal interventions have altered natural coastal environments.
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4 Conclusion

This study demonstrated the significant impact of human-induced coastal modification on
the Black Sea ecosystem. Specifically, the rapid expansion of Southeast Black Sea region of
Tiirkiye has led to a significant loss of coastal habitats owing to land reclamation. The
conversion of approximately 305.06 hectares of diverse coastal environments, including
shallow-water habitats and natural sandy shores, into artificial structures for urban
development underscores the urgent need for comprehensive coastal management strategies.
These findings highlight the detrimental effects of short-sighted coastal planning and
emphasize the importance of balancing economic growth with ecological preservation. To
mitigate future habitat loss and protect the unique characteristics of the Black Sea, it is
imperative to implement sustainable coastal development policies that prioritize ecosystem
conservation and restoration.
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