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Abstract

Coastal lagoons, straddling the interface between terrestrial and aquatic
ecosystems, represent critical biodiversity hotspots and are significant for
ecological stability and socio- economic sustenance. This study investigates the
ecological and cultural landscape values of selected coastal lagoons in Tiirkiye—
Balik, Biiylikgekmece, Koycegiz, and Paradeniz Lagoons— employing the
Landscape Character Assessment (LCA) methodology. Positioned uniquely along
various seas (Black Sea, Marmara Sea, Aegean Sea, and Mediterranean Sea), these
lagoons undergo dynamic environmental and anthropogenic pressures. Tiirkiye’s
substantial legislative framework aimed at coastal conservation, including
national laws and international conventions, provides a backdrop against which
the effectiveness and implementation of environmental protections are evaluated.
The research integrates Geographical Information Systems (GIS) mapping and
administrative data analysis to illuminate the geographical, legal, and ecological
nuances influencing lagoon management. This study’s multi-dimensional
approach reveals significant disparities in protective measures and planning,
underscoring the need for refined, location- specific environmental management
strategies. By highlighting the interaction between human activities and natural
settings, the research advocates for abalanced approach to coastal lagoon usage and
conservation, aiming to enhance ecological integrity while accommodating socio-
economic realities. The findings call for a comprehensive, integrated management
strategy that synergizes LCA with robust legal and planning frameworks to ensure
the sustainable future of these vital ecological zones.
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1. Introduction

Since the early years of human history,
people have accepted coastal areas as
attractive due to ecological, social, and
cultural reasons. These unique areas
are dynamic and sensitive transitional
zones where the interface between the
land and aquatic ecosystems (Beatly et
al., 2002; Zhou et al., 2022; Gong et al.,
2023). This paper examines the role of
coastal lagoons within the landscape
ecology framework, primarily through
the application of Landscape Character
Assessment (LCA) in selected coastal
settings in Tiirkiye. Furthermore, it
integrates sustainable planning strategies
to support the conservation and effective
management of these fragile ecosystems.

As one of the essential parts of
coastal areas, a coastal lagoon is a shal-
low water body between the land and
the sea that contains brackish water.
It is often surrounded by a barrier is-
land, sandbank, or coral reef and is
affected by both tidal and freshwater
inflows (Kjerfve, 1994; Pérez-Ruzafa et
al., 2019; Dalrymple & Rivers, 2023).
Considering their geographical and
water dynamics characteristics, coastal
lagoons are critically important due to
their biological diversity and ecological
richness.

Ecotones indicate the transitions be-
tween ecosystems along environmen-
tal gradients and are pivotal interfaces
within coastal areas where multiple
biological populations converge. These
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transition zones between freshwater
and marine environments improve
connectivity between biodiversity and
functions of the ecosystems. These vital
zones change due to biotic and abiotic
effects (Jobe & Gedan, 2021; Grey et
al,, 2023).

The increased environmental degra-
dation has also positively affected so-
cio-economic development in recent
times. However, this situation nega-
tively pressures natural and ecological-
ly characteristic areas such as coastal
zones. It is vital to integrate sustainable
development strategies to reduce the
effects of these global environmental
changes and protect the ecological in-
tegrity of coastal areas (Celliers, 2015;
Popova & PyneHxko, 2021).

The need for water policy frame-
works and stringent sustainable con-
servation strategies to limit negative
impacts on land and water ecosystems
and coastal lagoons, where the human
element meets the landscape, has come
to the fore in recent decades. These are
crucial for sustaining wetland ecosys-
tems and enhancing the resilience of
coastal areas (Pérez-Ruzafa et al., 2019;
Widowati, 2022). The European En-
vironment Agency (EEA) created the
Corine Land Cover (CLC) database
to describe and track European Land-
scapes. This database also includes
data for Tiirkiye. These data provide
practical and valuable information for
different years for managing and pro-
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Figure 1. Location of Tiirkiye and selected coastal lagoons in Tiirkiye.
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tecting the sustainability of land and
water bodies (Marthe et al., 2015; EEA,
2023).

Landscape character, defined as ‘the
totality of elements that distinguish
a landscape from others, provides es-
sential data in the decision-making
process for sustainability regarding an
areas landscape (Uzun, 2018). LCA
is one of the most critical methods in
mapping and detailing landscape iden-
tities (NatureScot, 2019; Giil¢in & Yil-
maz, 2020; Wang et al., 2023). Tirkiye
has signed the European Landscape
Convention (2003), which undertakes
the implementation of regulations for
defining, protecting, and managing
landscape quality targets. According
to this agreement, LCA is an approach
that should be used in studies to be
conducted on an area’s characteristics
(Uzun, 2018; Machar, 2020).

LCA studies at different scales in
various Turkish fields have been dis-
cussed until today. These studies have
generally been conducted out on a
macroscale and have guided numerous
academic issues (Atik & Ortacesme,
2010; Uzun, 2011; Atabeyoglu & Bulut,
2013; Gormiis & Oguz, 2013; Sahin et
al., 2014; Atik et al., 2018; Baylan, 2018;
Ko¢ & Yilmaz, 2020; Gormis et al.,
2021; Sengiir & Nurlu, 2021). Howev-
er, on a micro-scale, LCA has not pre-
viously been conducted for any coastal
lagoon other than Titreyen Gol (Atik &
Ortagesme, 2010).

With its location and geographical
features, Tiirkiye is one of the critical
ecological transition zones in the east-
west (Asia-Europe) and north-south
directions (Black Sea-Mediterranean
Sea). The country has a long coastline
and different coastal morphologies. An
aspect of the vulnerable environment
along Tiirkiye’s coastline is coastal la-
goons that always need targeted care
and safeguarding to maintain sustain-
ability. Within the research carried out
on coastal lagoons in Tiirkiye until to-
day, issues such as general conditions
of lagoons, socioeconomic structures,
populations and growth parameters of
fish caught, pollution of the waters, and
physicochemical parameters have been
emphasized (Inandik, 1965; Kabdash
et al,, 1996; Kirdagl, 1999; Seker et
al., 2002; Balkis et al., 2011; Altinsach
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et al., 2015; Kaleli, 2019; Mertol et al.,
2019; Reis & Ates, 2020; Altas, 2021;
Dervisoglu, 2022; Saygu, 2022; Koker
etal., 2023).

Bayrak’s (2013) study is the most
comprehensive study to employ aerial
photographs and Tiirkiye’s topographic
maps, integrated with GIS techniques,
to map and analyze Tiirkiye’s coastal
lagoons’ geomorphology and spatial
distribution. This research identified
key challenges facing these ecosystems
and offered targeted short-term man-
agement strategies, although these fall
beyond the scope of traditional LCA
methodologies.

This study focuses on coastal la-
goons, encompassing a diverse land-
scape shaped by natural features,
ecosystems, and land use patterns. Ef-
fective management of coastal lagoons
within the balance of conservation and
utilization requires their evaluation
within Tiirkiye’s administrative frame-
work.

The primary objective of this paper
is to define and assess the ecological
and land use attributes of coastal la-
goons in Tiirkiye while concurrently
developing sustainable landscape plan-
ning strategies tailored to their spe-
cific conditions. The coastal lagoons
examined in this study include Balik,
Biiyiikgekmece, Koycegiz, and Para-
deniz, each situated along different
seas— namely the Black Sea, Marma-
ra Sea, Aegean Sea, and the Mediter-
ranean Sea (Figure 1). Their selection
is based not only on their representa-
tion of four distinct marine environ-
ments but also on their diverse urban
dynamics, encompassing urban, rural,
and rural-urban fringe areas, as well
as their varying spatial characteristics.
This carefully curated selection enables
a comprehensive exploration of sus-
tainable landscape planning strategies,
integrating distinct environmental
variables and governance frameworks
specific to each coastal lagoon.

Since 1937, Tirkiye has enacted
more than 20 national laws, regula-
tions, and international agreements
aimed at managing coastal lagoons
and their ecosystems, including the
Coastal Law (1990), the Ramsar Con-
vention on Wetlands (1994), the Eu-
ropean Landscape Convention (2003),
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and the Regulation on the Protection
of Wetlands (2014). However, current
legislation only covers some coastal la-
goons in Tiirkiye. The numerous and
different regulatory categories reflect
that some coastal lagoons fall under
local government jurisdiction, others
have drinking water basin status, and
some are protected under different
protection statuses. For this reason, the
legislation regarding coastal lagoons in
Tiirkiye needs to create a more precise
and comprehensive protection status.

The interaction between coastal la-
goons and human activities highlights
the need for strategic conservation
management to reduce anthropogen-
ic pressures, such as construction and
water quality degradation, that threat-
en the ecological integrity of these ar-
eas. Although Tiirkiye has adopted an
almost entirely protectionist paradigm
for its coasts through international
conventions and legal documents, it
still needs a more comprehensive pro-
tection status for its coastal lagoons.

This study investigates four selected
coastal lagoons to develop sustainable
landscape planning strategies that bal-
ance ecological protection with practi-
cal use, aiming to ensure the long-term
preservation of these critical ecosys-
tems.

2. Materials and method

The study focuses on  four
coastal lagoons in Tiirkiye: Balik,
Bityitkcekmece, Koycegiz, and
Paradeniz. The selected coastal lagoons
represent various dynamics (urban,
rural, rural-urban), spatial sizes, and
representativeness for Tiirkiye’s various
coastal regions. Therefore, samples

determined by comprehensive analysis
cover many different changes.

The study involves six phases of
research. Its first step is the selective
search for coastal lagoons to study.
In the subsequent phase, GIS-based
mapping and database techniques are
used for in-depth mapping research to
generate a complete visual depiction
of these coastal lagoons used to assess
spatio-temporal changes, including a
progressive buffer zone analysis rang-
ing from 0.25 km to 5 km and associat-
ed risk assessment procedures.

The first stage of the spatiotempo-
ral analysis handles land cover/use
alterations within the buffer areas of
coastal lagoons with a radius of 250
meters from the coastline. 1990 and
2018, CLC datasets were used for this
stage. The horizontal region between
the lagoon and the adjacent land has
a rich texture regarding ecological im-
portance and biodiversity (Tavares &
Siciliano, 2013). Thus, changes in buf-
fer areas at 1 km, 2 km, 3 km, 4 km,
and 5 km were also analyzed to address
indirect impacts on coastal lagoons.
These buffer zones were determined
by adapting 2017 dated Regulation on
the Protection of Drinking-Use Water
Basins data (Ministry of Forestry and
Water Affairs, 2017).

In addition, the three-level hierar-
chical system that forms the CLC data-
base formed the basis of this research.
The spatiotemporal analysis employed
Level 1 classifications, encompassing
five primary land cover categories: ar-
tificial surfaces, agricultural fields, for-
est and semi-natural areas, wetlands,
and water bodies. The comprehensive
nature of this dataset allows for a de-

Risk Assessment Posed by The Corine Land Cover Change to The Coastal Lagoons

Risk coefficients of Risk coefficients of changing Corine land covers in Total risk
the buffer areas the buffer areas coefficients
0-025EKM: 6 Artificial Surfaces (AS) Pl More
0.26-1KM: 5 Agricultural Areas (AA) | arfificial artificial I::a The total value
obtained for
1,012 KM: 4 x‘"ﬂmm and Semi-natural Neutral = each coastal
2013KM: 3 Areas (FsnA) jﬂ lagoon is
’ used for
3,01-4 KM:2 Wetlands (WL) P More comparison.
401-5KM: 1 Water Bodies (WB) natural natural

Figure 2. Risk assessment posed by the Corine Land Cover change to the coastal lagoons.
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tailed examination of the spatiotem-
poral dynamics of landscape changes
within the coastal lagoon environment.
The analysis highlights that transitions
between land use patterns and ecologi-
cally driven changes are ongoing with-
in this sensitive coastal interface zone
(Figure 2).

The dynamic nature of land use
changes in coastal lagoons creates vary-
ing levels of ecological risk. However,
not all land cover changes impose an
immediate or equivalent threat to the
coastal lagoon ecosystem. To system-
atically evaluate these risks, the study
meticulously categorized and tabulated
each land cover change detected within
the buffer areas surrounding the coast-
al lagoons based on its nature and im-
pact on the ecosystem. It used a struc-
tured risk assessment framework.

The study applied a dual-coefficient
system to quantify the level of risk as-
sociated with land cover changes. The
first coefficient represented the type
of land cover transition according to
the Corine Level 1 classification and
ranged from 1 to 3. A coeflicient of 1
indicated a transition to the same land
cover category, signifying relative sta-
bility and minimal ecological disrup-
tion. A coeflicient of 2 reflected a shift
toward a more natural category, sug-
gesting potential ecological improve-
ment. A coeflicient of 3 represented a
transition toward a more artificial cat-
egory, signaling increased ecological
degradation and heightened vulnera-
bility.

In addition to the land cover change
coefficients, the study assigned a sepa-
rate risk coefficient to the buffer areas
surrounding the coastal lagoons, ranging
from 6 to 1. This coeflicient was inverse-
ly proportional to the distance from the
lagoon, with areas closer to the lagoon
facing greater vulnerability to ecological
disturbance. A coefficient of 6 corre-
sponded to changes occurring closest to
the coastal lagoon, reflecting higher eco-
logical sensitivity and greater vulnerabil-
ity to disturbance. In contrast, the study
assigned a coefficient of 1 to changes oc-
curring at the farthest boundary of the
buffer area, reflecting lower direct eco-
logical impact and reduced vulnerability.

The final risk value for each lagoon
was calculated by multiplying the land
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cover change coeflicient and the buffer
area coeflicient. This approach provid-
ed a weighted measure of the ecolog-
ical risk posed by land cover changes,
effectively capturing both the type of
transition and its spatial proximity to
the coastal lagoon. Total risk values
were computed for four distinct peri-
ods: 1990, 2000, 2006, and 2018.

The risk assessment employed an
ordinal measurement scale, where risk
levels were categorized into three levels
(Good, Fair, and Bad) based on a struc-
tured risk scoring system. Ecological
changes were defined based on land
cover transitions influencing natural
habitats and biodiversity, while cul-
tural changes were identified through
land use transitions reflecting human
interventions, such as urbanization,
agricultural expansion, and infrastruc-
ture development. The map legend re-
flects the three-tier classification of to-
tal risk scores: Good (1-4), Fair (5-9),
and Bad (=10), capturing both the type
of transition and its spatial proximity
to the lagoon.

To facilitate interpretation, the re-
sulting values were systematically
classified into three categories. Total
risk values between 1 and 4 were cat-
egorized as Good, indicating minimal
ecological disturbance and relative
stability. Values between 5 and 9 were
classified as Fair, reflecting moderate
ecological disturbance or partial re-
covery. Values of 10 or higher were as-
signed to the Bad category, represent-
ing significant ecological degradation
and heightened vulnerability.

This classification framework offers
a more nuanced understanding of the
ecological changes affecting coastal
lagoons over time. The weighted-cri-
teria method used in this analysis en-
sures that both the type of land cover
transition and its spatial proximity to
the lagoon are integrated into the risk
assessment. This approach enhances
the accuracy and comprehensiveness
of the ecological vulnerability evalua-
tion, providing valuable insights into
the underlying drivers of landscape
change and their potential ecological
consequences within coastal lagoon
ecosystems.

In the third phase, the study evalu-
ates the intrinsic qualities of the land-

Landscape character assessment and sustainable planning strategies for coastal lagoons in Tiirkiye:

A case study approach



688

scape, likely employing qualitative and
quantitative methods. Explore the in-
terplay between the quantitative and
qualitative aspects of the principles of
LCA. A LCA was undertaken to iden-
tify the unique characteristics of each
selected coastal lagoon. These steps
include identifying and classifying key
landscape features, assessing ecological
value, and understanding the cultural
meaning.

LCA revealed the unique features of
each coastal lagoon and its sustainabil-
ity against environmental pressures.

LCA and Land Cover Classification
(LCC) represent different methodol-
ogies in landscape analysis. LCA is a
comprehensive approach that iden-
tifies natural, aesthetic, cultural, and
historical dimensions to delineate the
unique landscape characteristics of an
area and supports management and
conservation strategies for the target-
ed purpose. On the other hand, LCC
quantitatively evaluates temporal and
spatial changes in vegetation and land
cover to facilitate ecological impact as-
sessment and sustainable policies for
the area’s landscape. Although both
methods aim to guide land use plan-
ning, LCA emphasizes more subjective
valuation while LCC focuses on objec-
tive data analysis.

The fourth phase, ‘Administrative
Framework Analysis, examines the
complexities and policy synchroniza-
tion within administrative structures,
leading to an evaluation of existing
policies and their alignment with com-
prehensive plans.

Balik Lag,
‘(? Kizilirmak Rixer

A
Samsun,

Legend

Border of The st Degree Natural Site [ Border of The Important Bird Area

o .
H H Border of The 2nd Degree Natural Site

Smum

Border of The 3rd Degree Natural ite [ Border of The Important Plant Area

Kizilimak River
Coastal Lagoons

|1 Border of The Ramsar Area

[ wildiife Development Area

BLACK SEA

Border of The Key Biodiversity Area

In the next phase, ‘Overlaying Map-
ping and Administrative Studies, sug-
gests a comparative analysis between
spatial data and administrative guide-
lines. Tiirkiye’s institutional framework
for coastal lagoons is complex and plu-
ralistic, with different institutions par-
ticipating in spatial planning. Effective
implementation requires coordination
between plan-making institutions such
as municipalities, governorships, and
ministries. However, the environment
is constantly in flux due to ever-chang-
ing and disconnected plans, policies,
and strategies, making it complex to
track long-term outcomes continual-
ly. In order to understand the lands,
the administration needs to evaluate
the laws and regulations comprehen-
sively. This is supported by a survey of
national and international legislative
documents covering selected lagoons,
looking at the scope of protection.

This study uses GIS technology to
map selected coastal lagoons utilizing
the ArcGIS 10.3.1 software, the Uni-
versal Transverse Mercator (UTM)
3 Degree coordinate system, and the
European Datum 1950. GIS technolo-
gy overlapped the results of mapping
studies with the administrative frame-
work analysis. Such an integration
made it possible to pinpoint where
ecological importance and administra-
tive measures overlap, finding areas of
potential gaps or conflicts.

The final phase, ‘Development of
Sustainable Landscape Strategies, indi-
cates formulating strategies to promote
sustainable landscape management

Kiziljrmak River

Figure 3. Location of Balik Lagoon and boundaries of protection areas.
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Figure 4. Risk Assessment of Balik Lagoon.

and development that allow the pro-
tection and sensitivity management of
these ecologically, socially, and cultur-
ally valuable ecosystems.

2.1. Case studies

Coastal lagoons have undergone
various land wuse alterations, both
direct and indirect, over the years. This
study section details the different land
cover changes and landscape features
in the chosen coastal lagoons and their
surrounding areas.

2.1.1. Balik Lagoon

Balik Lagoon, a unique ecosystem,
is surrounded by alluvial areas and
marshes in a predominantly flat terrain
(Figure 3). The Corine Land cover
data reveals coastal lagoon buffer zone
changes between 1990 and 2000, but
no significant changes were observed
in the buffer zones between 2000 and
2006, 2006 and 2012, and 2012 and
2018 (Figure 4).

The 250-meter buffer zone from
the lagoon shoreline, the most critical
buffer zone, has seen agricultural ar-
eas transform into similar agricultural
areas. The second buffer area, between
250 and 1000 meters, has also wit-
nessed changes only between agricul-
tural areas. Balik Lagoon, situated in a
rural area with dry and flooded mead-
ows, reed beds, and mud flats extension

fields, is a hub of various socioeconom-
ic activities such as agriculture, animal
husbandry, fishing, and tourism.

The Kizilirmak Delta has various
protection statuses that draw differ-
ent boundaries to protect wildlife and
habitats (Figure 3). These definitions
include Natural Protected Areas, Wild-
life Development Areas, Ramsar Site
statuses, and qualified natural protec-
tion areas, and a significant part of the
delta is declared as a Natural Protect-
ed Site, Grade I and partly Grade III
(Dervisoglu, 2022). Balik Lagoon and
its immediate surroundings are locat-
ed within the borders of the Ramsar
Site (1998) and Natural Protected Area
(2020) (Ministry of Agriculture and
Forestry, n.d.). With this situation, a
commitment has been made at the in-
ternational level to protect the ecolog-
ical character of the area thoroughly
(Gul, 2020).

The Kizilirmak Delta meets almost
all the criteria that define wetlands
of international importance. Delta is
on the 2016 UNESCO World Heri-
tage Tentative List. The delta is home
to numerous bird species, plants, fish,
mammals, invertebrates, reptiles, and
amphibians. Due to all this richness,
the area is also an Important Bird Area
(IBA), Important Plant Area (IPA),
and Key Biodiversity Area (KBA). In
the 1/100,000 scale Environmental
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Plan, wetland protection zones (abso-
lute protection zone, ecological impact
zone, buffer zone) were determined
(MEUCC, 2022). These regions are
structured to regulate the principles
of protection and use, considering the
relevant ecosystems and habitats.
Significant  planning  decisions
have been made for each buffer area,
demonstrating the region’s active man-
agement and planning efforts. The Ki-
zilirmak Basin Drought Management
Plan (2022), Samsun Kizilirmak Ba-
sin Natural Protected Areas, Wetland
and Bird Sanctuary Management Plan
(2019-2023), and Kizilirmak-Basin
Protection Action Plan are among
the programs that address the region’s
management and planning.

2.1.2 Biiyiik¢ekmece Lagoon
Biiyiikgekmece Lagoon, located on
the Marmara Sea coast of Istanbul, is
an important water source that meets
approximately 6% of the city’s water
needs (Figure 5) (Yarar & Magnin, 1997;
ISWA, n.d.). It is vital for water supply
and an important ecological corridor
for the urban ecosystem. However, its
surroundings consist mainly of non-
irrigated arable land amidst various
land covers, including urban fabrics,
industrial areas, transportation
networks, and agricultural areas.

The regions biodiversity, including
the presence of endemic and rare spe-
cies, indicates the ecological balance
and is crucial for gauging habitat qual-
ity and the impacts of environmental
stressors. The human footprint through
recreational, urban, and industrial ac-
tivities further exacerbates the pressure
on this natural habitat. Notably, shore-
line construction and nearby industri-
al processes substantially compromise
water quality. Environmental impact
assessments and sustainable manage-
ment plans are essential to mitigate
these impacts and preserve the natural
and cultural integrity of the area (Eken
et al., 2006).

The lagoon and its surroundings,
known as a drinking water basin and a
3rd Degree Archaeological Site, are not
just essential due to their historical ru-
ins but also for their unique ecological
value. The lagoon, a designated IBA,
provides crucial habitat support for
water birds and is a key point on their
migration routes. It and its surround-
ing area have also been designated a
KBA because of its exceptional ecolog-
ical values (Figure 5) (Yarar & Magnin,
1997; Eken et al., 2006).

Although many laws and regula-
tions protect it, the lagoon is under
increasing pressure from urbanization
(Ministry of Justice, n.d.). There are in-

[  3rd Degree Archeological Site Airport
D Border of The ISWA Drinking Water Basin === {Jrban Streams
D Border of The Important Bird Area

Border of The Key Biodiversity Area

ss===== Main Transit Roads

3 X\x"‘»g \- > b.\gt\

MARMARA SEA >

0 2 4 8

Figure 5. Location of Biiyiikcekmece Lagoon and boundaries of protection areas.
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dustrial facilities within the collection
area, and it has been converted into
a waste storage pool. The city’s criti-
cal transportation infrastructure also
threatens it. The Istanbul Environmen-
tal Plan (2009) (under revision) and
the Biilyitkcekmece Dam Lake Basin
Protection Plan are the two upper-scale
plans for the region also (Ministry of
Justice, n.d.a.).

Such urban pressure profoundly af-
fected land cover in the region between
1990 and 2018. From 1990 to the pres-
ent, urban sprawl has intensified, in
many cases, with shifts from artificial
landscapes to agricultural, natural ar-
eas, and water bodies. Later periods
saw the transformation of traditional
agricultural land into artificial surfac-
es, showing how the lagoon environ-
ment has changed with urbanization
(Sofu, 2009).

The increase in urban pressures
significantly changed land cover be-
tween 1990 and 2018. Intensive urban
sprawl from 1990 to 2000 converted
agricultural areas, such as forests and
semi-natural areas, into artificial areas
and water bodies into artificial areas
(Figure 6).

Another period in which these
changes are most observed in terms
of diversity is between 2006 and 2012.
The period when the minor change
was observed in the Biiyitkgekmece
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Lagoon buffer areas was between 2000
and 2006. It is vital for the sustainabil-
ity of the coastal lagoon that no direct
change is observed during this period,
especially in the first 1 kilometer.

2.1.3. Koycegiz Lagoon

Koycegiz Lagoon, nestled within the
Mugla District, is a marvel of nature.
This expansive lagoon, approximately
55 km? is a tapestry of diverse
ecosystems (Figure 7). From the 4.5
km long coastal dune, Iztuzu Beach, to
the reed beds, marshes, and wetlands
vital for numerous species, the lagoon
is a haven of biodiversity. Alagol
and Sulungur Lake, flanking Iztuzu
Beach, are globally renowned for their
ecological  significance (MEUCC,
2007).

Freshwater lakes, reed areas, dunes,
forests of Liquidamber orientalis and
Cupressus sempervirens, and various
vegetation surround Koycegiz Lagoon.
The region, which hosts two endemic
plant species, has the status of an IPA
and an IBA that supports the breed-
ing and wintering of water birds. Iz-
tuzu Beach is also essential for breed-
ing endangered Mediterranean monk
seals and sea turtles (classified as a
KBA) (MEUCC, n.d.a).

Although the region’s dominant
land use is coniferous forest, diverse
landscapes such as broadleaf for-

1990-2000 2000-2006

20062012 - 20122018
: .

B cological Site | | 250 M. Buffd
‘Airport [ Bad Changed

== Main Transit Roads

Fair Changed
Good Changed

Figure 6. Risk Assessment of Biiyiikgekmece Lagoon.
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Figure 7. Location of Koycegiz Lagoon and boundaries of protection areas.

ests, agricultural fields, beaches, and
marshes exist. In order to protect this
area, various definitions have been
made, including 1st Degree Archae-
ological Site, Special Environmental
Protection Area (SEPA), Marmaris
National Park, and Wildlife Develop-
ment Area (Alptekin, 2022).

Moreover, the area is protected
by many laws and regulations. The
MEUCC prepared the Biodiversty
Management Plan of Koycegiz-Daly-
an SEPA in 2007, Integrated Coastal
Areas Plan (2018), and Environmen-
tal Plan (2011) (MAF, 2007; MEUCC,
n.d.a).

According to CLC data, the
250-meter buffer zone of Koycegiz
Lagoon changed only between 1990
and 2000 (Figure 8). This change
occurred within the forests and
semi-natural areas themselves. Addi-
tionally, this period is the only period
in which change occurs in each buf-
fer area. No changes were detected in
the first 2 kilometers of buffer areas
between 2000 and 2006, 2006 and
2012, and 2012 and 2018. It has been
determined that the changes in oth-
er buffer areas during these periods
also occurred within the forests and
semi-natural areas.

Despite the commendable protec-
tive measures, Koycegiz Lagoon is
not immune to threats. Uncontrolled

tourism activities pose a significant
risk between May and October when
Caretta Carettas give birth to their
young at Iztuzu Beach. The unreg-
ulated transformation of land from
forests and swamps to agricultural
lands, waste pollution, and distur-
bances caused by motorboat traffic
further jeopardize the integrity of
this precious ecosystem. While ef-
forts to combat these threats are un-
derway at national and local levels,
the current outcomes still need to be
sufficient (Alptekin, 2022).

2.1.4. Paradeniz Lagoon

Paradeniz Lagoon on the
Mediterranean coast of Mersin is a
large and untouched coastal lagoon
(Figure 9). It was formed by sediment
transport at the Goksu River and
the Mediterranean junction. As a
result, it has very low salinity, and
its maximum depth is only one
and a half meters (MEUCC, n.d.b).
Although the vegetation within the
lagoon is sparse, the untouched
dunes have been designated as a
Ist Degree Natural Protected Area
to be protected (Meri¢ & Kavruk,
2007). Other ecosystems near the
Paradeniz Lagoon include rice fields,
natural grasslands, beaches, and
dunes. The chemical composition of
salt marshes on lakes such as Akgol,
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Figure 8. Risk Assessment of Koycegiz Lagoon.

Kugu Lake, and Arapalani lagoons
changes yearly due to mud. The
activities in the surrounding regions
include irrigated agriculture, animal
husbandry, fishing (coastal and
offshore), and limited eco-tourism
initiatives (Yarar & Magnin, 1997).
Paradeniz Lagoon serves as an es-
sential habitat for various species,
such as the Mediterranean Monk Seal
(Monachus monachus), the Sea Tur-
tle (Caretta caretta), and the Green
Sea Turtle (Chelonia mydas). The
lagoon was recognized as a SEPA in
1990 and was designated a Ramsar
site in 1994 due to its extraordinary
diversity of flora and fauna. Paraden-
iz Lagoon holds additional designa-
tions as an IBA, a KBA, and an IPA
(Yarar & Magnin, 1997; Eken et al.,
2006). It was declared a 1st Degree
Natural Protected Area in 2007 to
protect its ecological integrity (Meri¢
& Kavruk, 2007). It was accepted as
an INA in 2016. Also, it was classified
as a Sensitive Area in 2020 (Republic
of Tiirkiye Official Gazette, 2020).
Between 1990 and 2018, no direct
change in land cover was detected in
the 250-meter buffer zone of the Pa-
radeniz Lagoon (Figure 10). Between
1990 and 2000, there was an exchange
between agricultural areas in the buffer
areas between 250-3000 meters. In the
period between 2000 and 2006, it was

Protected Arca === Urban Strean

determined that most of the changes
that occurred in the buffer areas be-
tween 3 and 5 kilometers were in the
form of the transformation of wetlands
into agricultural areas or forests and
semi-natural areas. The only change
between 2006 and 2012 was 4-5 kilo-
meters within the agricultural areas.
Between 2012 and 2018, the change be-
tween 1-2 kilometers and 4-5 kilome-
ters occurred again among agricultural
areas. Management plans, including
the Goksu Delta SEPA Management
Plan in 1990 and the Ramsar

Site Management Plan in 1999,
were created (MEUCC, [date un-
known]b; Divrak et al., 2008). How-
ever, these plans remained the same.
Current plans such as the Integrat-
ed Coastal Areas Plan (2015), Gok-
su Delta SEPA Environmental Plan
(2017), and Environmental Plan
(2013) aim to ensure the sustain-
ability of the region (MEUCC, 2015;
MEUCC, 2020). In addition, the area
is protected under the Coastal Law
(1990).

However, despite all these preven-
tive measures, the lagoon still faces
many threats. The Kayraktepe Dam
and Hydroelectric Power Plant, which
are planned to be constructed, pose
the most significant threat as they will
restrict sediment flow with their oper-
ation. The structure predicted to cause
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Figure 9. Location of Paradeniz Lagoon and boundaries of protection areas.

coastal erosion in the first place is also
expected to threaten agricultural and
fishing activities. Moreover, construc-
tion activities, uncontrolled grazing,
agricultural subsidies (especially rice
farming), construction, and unman-
aged grazing contradict environmental
protection principles. General Direc-
torate for the Protection of Natural As-
sets and Silifke Special Environmental
Protection Directorate carry out vari-
ous studies to reduce these risks (Yarar
& Magnin, 1997; Giirbiiz, 2000).

3. Results and discussions

Coastal lagoons, straddling terrestrial
and marine ecosystems, exhibit
unique ecological and biological
characteristics. These shallow bodies
of water are pivotal centers of global
primary productivity. These areas’
ecological richness and hydrochemical
attributes fluctuate with temporal and
spatial variables.

3.1. Environmental pressures and
urban influences on coastal lagoons
Regional analysis of selected coastal
lagoons reveals distinct distribution
patterns of urban influence.
Paradeniz Lagoon remains largely

natural, shielded from direct urban
encroachments. Conversely, Balik
Lagoon faces minimal impact,
primarily from unregulated fishing

activities. Koycegiz Lagoon,
subject to high tourism and dense
population, experiences intense

boating, construction near Iztuzu
Beach a critical nesting site for
caretta carettas and unmanaged
exploitation in adjacent Dalyan,
leading to diminished habitat quality
and  heightened  environmental
degradation compared to Paradeniz
and Balik Lagoons.

Biiylikgekmece Lagoon, situated at
the interface of urban and rural ex-
panses, endures more severe impacts
due to Istanbul’s rapid urban sprawl,
haphazard development, and unsus-
tainable resource utilization. These al-
terations affect both water quality and
quantity. These alterations contribute
to significant landscape changes and
disrupt ecological linkages, impacting
its role as a crucial water reservoir for
Istanbul and its ecological sensitivity.

Although the coastal lagoons se-
lected from four different coastlines
of Tirkiye differ in geographical loca-
tion, they have some similar features.
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The most striking situation is that each
coastal lagoon gradually loses its natu-
ral characteristics and enters semi-nat-
ural characteristics. In addition, if
sustainable, long-term strategies are
not developed for the coastal lagoons
in Tirkiye, considering the balance of
protection and use against urban pres-
sures, their natural features, especially
Biiyiikgekmece Lagoon, will be lost en-
tirely.

3.2. Legal frameworks and challenges
in safeguarding coastal lagoons

This analysis examines the effectiveness
of legal frameworks in protecting
coastal lagoons, highlighting the adverse
impactsobservedinselectedlagoonsand
their surroundings. Protecting selected
coastal lagoons, which are ecologically
extremely valuable productive areas,
requires a combination of management
plans, statutes, legal regulations, and
international agreements.

Among the coastal lagoons exam-
ined, the Balik Lagoon benefits from a
comprehensive legal scope. The Coast-
al Law, two management plans (Kizilir-
mak Basin Drought Management Plan
and Wetland and Bird Sanctuary Man-
agement Plan), and multiple protective
statuses, such as recognition as a Ram-
sar Site, all contribute to the lagoon’s
protection. This comprehensive legal
framework reflects a concerted effort

der of The st Degree Natural Site. [ Border of The Ramsar Area ]
rder of The 2nd Degree Natural Site [ Borderof The Goksu Delta
rder of The 3rd Degree Natural St [ Border of The Important Plant Area [ Border of The Important Bird Area [ Fair Changed
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to protect the ecological integrity of
the Balik Lagoon, instilling confidence
in the effectiveness of these measures.

On the other hand, since there are
no unique management plans for
Biiyiikgekmece Lagoon and its sur-
roundings, there are apparent legal
deficiencies. Although the Istanbul
Environmental Plan has comprehen-
sive decisions regarding the area, this
plan is still in the revision phase. This
dependence highlights critical gaps
in its legal protections, underscoring
the need for tailored legal measures to
avert ecological degradation.

Due to its existence as a SEPA and
a National Park, Koycegiz Lagoon is
supported by both a Master Plan and a
Biodiversity Management Plan. Special
environmental protection areas refer
to land, water, and sea areas that have
ecological importance on a national
and global scale and are sensitive to en-
vironmental pollution and degradation
in cases where it is necessary to protect
and ensure the sustainability of biolog-
ical diversity, natural resources, and
their associated cultural resource val-
ues (Ministry of Justice, n.d.b). How-
ever, this decision also allows some
construction to support tourism in
these protected areas.

Ranging from international to na-
tional protection statutes, Paradeniz
Lagoon standing inside the Gok-
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su Delta Special Protection Area, is
comprehensively protected and sup-
ported by multi- scale plans. How-
ever, all examined lagoons need help
with enforcement and implementa-
tion, compounded by a disjointed
legal landscape in Tiirkiye character-
ized by inconsistencies and lenient
penalties for infractions.

In summary, while existing legal
frameworks are crucial for lagoon
conservation, they require clarity, en-
forcement, and scope enhancements
to strengthen these ecosystems’ resil-
ience and sustainability, promoting a
unified conservation approach.

3.3. Ecological fragility and

human impact: Threats to riparian
zones and coastal lagoons

This section assesses land cover
changes within 250-meter buffer
zones around selected coastal lagoons,
highlighting the relationship between
human activity and these ecologically
sensitive areas. From 1990 to 2018,
Paradeniz Lagoon showed substantial
ecological stability, with minimal
human disturbances in its immediate
surroundings.

In contrast, Koycegiz and Balik
lagoons have experienced signifi-
cant transformations over the latter
part of the 20th century. Adjacent
agricultural areas near Balik La-
goon have transitioned into various
land cover types (Figure 4), and the
forests and semi-natural terrains
around Koycegiz Lagoon have un-
dergone considerable alterations,
reflecting the complex nature of
human impacts on these ecosystems
(Figure 8).

Between 1990 and 2000, Biiyiikgek-
mece Lagoon’s buffer zone was mark-
edly affected by significant infra-
structural developments, including
highway construction and extensive
urban expansion (Figure 6). This peri-
od underscores the urgent need for so-
cietal efforts to mitigate environmental
degradation and sustain the lagoon’s
ecological health.

While direct land cover changes in
the buffer zones around Balik Lagoon
from 2000 to 2018 were not observed,
indirect modifications nearby indi-
cate ongoing anthropogenic pressures.

Comparative data show that Paradeniz
and Balik lagoons were least affected
by direct and indirect human activi-
ties, whereas Biiyiikekmece Lagoon
demonstrated increased vulnerability
during each analyzed period (Figure
10).

These findings underscore the crit-
ical importance of preserving the eco-
logical integrity of buffer zones to en-
sure the health and sustainability of
coastal lagoons. Enhanced regulatory
and strategic planning measures, in-
cluding extending protections up to
five kilometers, are essential to coun-
teract the challenges of urbanization
and land use changes and protect these
vital ecosystems from escalating envi-
ronmental pressures.

4. Conclusion

This study thoroughly investigates
the strategic importance of LCA in
supporting sustainable landscape
planning and management of Tiirkiye’s
coastal lagoons. The results highlight
the lagoons’ significant ecological,
social, and cultural significance.
These areas serve as essential barriers
against ecological deterioration and
hotspots for biodiversity. The study
outlines how combining LCA with
other environmental management
strategies might improve these coastal
ecotones’ sustainability and resilience,
especially in the face of growing
human demands.

Although there are many legislative
documents and plan types regarding
the management of coastal lagoons
in Turkiye, they reveal that existing
management tools should be specif-
ic, comprehensive, and applicable to
each lagoon, taking into account the
local realities of the lagoons. This
inadequacy underscores the urgent
and critical need for a more tailored
strategy that considers each lagoon’s
unique ecological and socioeconom-
ic conditions. The value of landscape
character is not solely determined by
the characteristics of the land but also
by its mutual relationship with the lo-
cal people living there. Their partici-
pation and understanding of the legal
and administrative situation are cru-
cial for the sustainable management
of the lagoons.
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By incorporating LCA, coastal la-
goon management can more effec-
tively capture and evaluate the unique
and complex landscape values of
these regions. This integration holds
immense potential, as LCA can revo-
lutionize coastal lagoon management
with comprehensive, up-to- date en-
vironmental data and a governance
structure that supports integrated,
cross-sectoral planning and manage-
ment techniques. This approach not
only promotes sustainable develop-
ment but also helps maintain ecologi-
cal integrity, offering a promising path
forward for the management of these
crucial ecosystems.

The study concludes by emphasiz-
ing the necessity of holistic, integrated
management strategies to protect se-
lected coastal lagoons that synergize
with Tirkiye’s dynamic legislative
and planning frameworks. This study
highlights the vitality of inserting
LCA based studies inside the manage-
ment system. By strengthening legal
protections, improving enforcement
mechanisms, and encouraging local
community participation and inter-
disciplinary collaboration, it is possi-
ble to ensure sustainable management
of these vital ecological assets. Going
forward, policymakers, researchers,
and practitioners should collaborate
to develop and implement strategies
that protect and sustainably use the
unique landscape values of coastal la-
goons for future generations.
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