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The main purpose of the study is to examine the impact of drastic and proactive forest fire
interventions, which are applied to avoid the risk of loss of life and property close to urban areas,
on the continuity of plant species with fire-adapted characters and the potential to cause species
loss. In this context, the basic assumption of the study is that the reduced frequency of fires caused
by suppressed fires in natural areas in order to avoid the risk of forest fires that may affect residential
areas, will lead to the reduction of various plant species that sustain their lives thanks to their fire-
adaptive characters. As a qualitative data analysis method, the rates of urban and forest areas, the
number of forest fires, the amount of burned area and plant species diversity data were used to deal
with the study data with document analysis. In the selection of the 10 metropolitan cities that
constitute the sample area of the study, the criteria of being in the Mediterranean ecosystem,
containing plant species adapted to fire, and being metropolitan (where natural and built
environment elements are intertwined) were taken as basis. The study will create an ecological
perspective in fire prevention policies and strategies to be developed through the determination of
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plant species characteristics in large cities located in the fire-prone Mediterranean ecosystem.
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Introduction

With rapid population growth and migration, the
number of people living in cities is increasing day by day.
The increasing rate of urbanization makes the domination
of people over natural resources clear and causes cities to
spread in an unplanned and unhealthy way. Urban sprawl
causes many social and economic problems, as well as
environmental problems that deeply damage urban and
ecological sustainability (Cetin et al., 2023). As a result of
urban sprawl, the degradation of ecosystems and the
reduction of biodiversity in forested areas, which live
together with the built environment, are among the leading
human-induced environmental problems. The fact that a
significant part of the current forest fires is directly or
indirectly caused by human-induced urban activities
(OGM, 2021), simultaneous threat to human, plant and
animal existence and the impact of the threat on economic,
social and environmental sustainability has made forest
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fires an important issue (Ertugrul et al., 2021). However,
the risk of extinction of forest ecosystems created by plant
species with fire-adapted characteristics due to urban
activities and human interventions, unfortunately, has not
been as important as the risk of loss of life and property in
forest fires that occur close to their habitats. In this context,
the basic assumption of the study is that the reduced
frequency of fires caused by suppressed fires in natural
areas in order to avoid the risk of forest fires that may affect
urban areas (In this study, the concept of urban area has
been used for metropolitan cities and the areas within the
provincial borders of these cities, where the definition of
the rural-urban distinction and contiguous area disappeared
with the legal and administrative regulations that took
place in local governments after 2000 and conversion of
provincial administrative borders to municipal borders in
Tirkiye. In this context, the dialectical relationship
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between fire ecology and urban space is discussed through
the species found in forest and scrub areas within the
municipal service boundaries of 10 metropolitan cities in
the Mediterranean ecosystem.), will lead to the reduction
of various plant species that sustain their lives thanks to
their fire-adaptive characters.

The species, which naturally have pyrogenic factors
that cause ignition and are frequently adapted to fires, are
subject to a decrease in its biodiversity due to living
together with urban space. Urbanization does not only
harm the environment through deforestation and
parcellation, but also intervenes in the ecological cycle by
reducing the frequency of fires to which species are
exposed. The study argues that fires suppressed in order to
avoid the risk of burning in residential areas, especially in
areas where urban areas and forest areas are intertwined,
may cause the decline of various plant species with fire-
adapted characters. The main purpose of the study is to
examine the relationship between the human-centered
approach, which aims to protect the elements of urban life
at all costs, and the sustainability of the species that provide
their continuity with the fire in a vegetation intertwined
with the city. In other words, it is aimed to examine the
process of suppressing fires, which affect the life cycle of
plant species with fire-adapted characteristics, in order to
avoid the risk of loss of life and property in urban areas,
causing the loss of the species.

Intense forest fires in many parts of the world,
especially in countries with Mediterranean region such as
Italy, Albania, Greece, Tunisia, Algeria and Tiirkiye, have
been among the most dangerous natural disasters in recent
years due to the loss of life and property in urban areas
(EFFIS, 2021). Within the scope of the study, 10 cities that
are located in the Mediterranean ecosystem, have an
important place in the forest area of Tirkiye, contain fire-
adapted plant species and are metropolitan cities within the
framework of an ecosystem integrated with the urban
habitat will be discussed. In the light of these criteria, the
effect of extinguishing interventions for fires, occurring in
forest areas within the metropolitan borders in Hatay,
Adana, Mersin, Antalya, Mugla, Manisa, Aydin, Denizli,
Balikesir and Izmir provinces and spreading to urban
settlements, on the sustainability of plant species with
dominant species characteristics and different flammability
characteristics will be discussed.

Although plant flammability in the field of fire ecology
(Pausas and Moreira, 2012; Pausas and Schwilk, 2012;
Pausas et al., 2017), post-fire species loss (Slingsby et al.,
2017), urbanization and its environmental effects
(Kaufman et al., 2007), the effects of urbanization on the
change of forest ecosystem services (Delphin et al., 2016)
has been discussed, there has been no in-depth study on the
reflection of the dialectical relationship between fire
ecology and urban space on plant species, with a
multidisciplinary perspective covering the fields of local
governments, city, environment, ecology and forest
management. In this context, the study offers a new
perspective in terms of both ensuring ecological
sustainability by protecting various plant species that
sustain their continuity with fire, and examining the
intertwined interaction of natural environmental
components including forested areas and the built
environment.
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The Relationship between Urban
Metropolitanization and Forest Area

Expansion,

While urbanization expresses a social transition
through the rural-urban divide, it also means the
continuous growth of the city borders from the center to the
periphery (Keles, 2013). The first target of urban
development and expansion, which has become a
necessary process in order to provide the necessary urban
area and service against the population growth rate and the
density occurring in the cities, is the forest areas in the city
periphery. The increase in the need for residential areas
with the increase in the population in the city center makes
it necessary to spread beyond the city limits from the center
to the periphery (Cavailhés and Wavresky, 2003). The
expansion of urban area boundaries poses a threat to rural
areas located on the periphery of the city.

Galster et al. (2001) defined the term “sprawl” as the
equivalent of a non-agreed semantic wilderness. They
stated that urban sprawl is used to characterize one or more
of the residential and non-residential land use patterns, the
process of expanding access to urbanized areas, the causes
of land use practices, and the consequences of these
practices. While sprawl is a noun when used to describe a
situation that characterizes an urban area or part of it at a
given time, it becomes a verb when used to describe the
process of transforming land from non-urban use to urban
use over time (Fulton et al., 2001) or changes in population
density (Wolman et al., 2005). In this activism, damage to
the natural landscape outside the city center, deterioration
of forest areas, an irregular urban sprawl, uneven
development, land scarcity and cost are in question
(Karatas, 2007). In this context, the problems caused by the
spread are expressed as the destruction of agriculture and
open spaces, the consumption of natural and urban
resources, and the damage to natural and built environment
elements (Bruegmann, 2005). However, among all these
negative consequences of urban sprawl, its effect on forest
areas has not been adequately addressed in the literature.
However, species loss in forest areas, which live together
with the built environment as a result of urban sprawl, is
one of the most important environmental problems in terms
of degradation of ecosystems and reduction of biodiversity.

Many urban scientists have examined the relationship
between urbanization and the green environment (Yu et al.,
2012; Seto et al., 2012; Lamsal et al., 2013; Han et al.,
2016). According to McKinney (2006), urbanization is one
of the most homogenizing factors although anthropogenic
activities encourage biotic homogenization. The reason for
this is urban planning with exceptionally uniform
structures. Almost all over the world, urban spaces are
similar structures built to meet the basic needs of people.
Almost all cities in the world typically grow by
agglomeration, and their homogenizing effects expand as
changes in land use intensify. In his study that sees
urbanization as the main cause of biotic homogenization,
McKinney (2006) highlights how urbanization destroys
native species in a region, while emphasizing how it
encourages the invasion of non-native species. The vital
risks caused by urban sprawl, on the one hand, threaten the
habitats of native species, on the other hand, cause the
displacement of species that have adapted to the living
conditions in a particular area. This creates the biotic
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homogenization process that exposes the risks of extinction
of endemic features of local ecosystems (Blair, 2001). In
other words, the succession process between these native
and non-native species occurring in local ecosystems
accelerates biotic homogenization (Olden and Poff, 2003).
In urban-environmental studies conducted in this context,
it is observed that while the number of native species
decreases with urbanization, the number of non-native
species gradually increases (Kowarik 1995). Even when
forested areas are very close to the city center, they can
show traditional rural characteristics. However, in such
cases, no matter how rural the land looks, it becomes
functionally urbanized. Because the citizens of the city
benefit from the services in these areas especially for
recreational purposes. This process increases the potential
for deforestation focused on urban activities. Therefore, the
areas most affected by urban growth are the mentioned
rural areas and forest areas. In their study on the
assumption that areas with a high urbanization tendency
are more frequently exposed to fire events, Beal-Neves et
al. (2020) explain the effect of urbanization on biological
species with fire frequency. As a matter of fact, the
frequency of fire causes an increase in plant species
diversity, albeit for a short time. Urbanization is also
capable of altering the fire regime in which more than one
species evolves. For example, the US state of Florida has a
naturally pyrogenic structure. In such areas, fire is
necessary to protect many local ecosystems (Mitchell et al.,
2006; Slapcinsky et al., 2010). However, suppressed fires
in urban areas in order to avoid the risk of forest fires that
may affect residential areas, reduce the frequency of fires
to which the species are exposed, and interfere with the
ecological cycle. This intervention causes the decline of
species that have pyrogenic factors that naturally cause
ignition and that are often adapted by fires, and even their
succession by dominant species (Czech, 1996). In studies
conducted in the Brazilian savanna, it has been observed
that fire extinguishing activities cause adverse effects on
biodiversity by removing plant species native to open
habitats (Pinheiro et al., 2016; Abreu et al., 2017). Almost
half of the endangered species in the United States due to
firefighting are found in the state of Florida (Czech et al.,
2000). In his study focused on the state of Florida,
McCauley (2011) emphasizes that reduced fire frequency
in forest areas within urban areas negatively affects the
diversity of Taxodium distichum seedlings. The frequency
of fire suppressed in forest areas close to urban areas allows
Taxodium distichum seedlings to encroach on woody
vegetation in the same ecosystem (Ewel 1995). In the
absence of fire, which has an effect on the reproduction of
Taxodium distichum seed (Ewel 1995), the woody
vegetation on its domes can turn into mixed hardwood
swamps and gulf swamps (Casey and Ewel, 2006). In this
sense, the relationship of plant species found in forest areas
close to urban settlements with fire requires a
multidimensional perspective on urban, forest fires and
plant flammability.

The Relationship between Forest Fires, Flammability
and Urban Area

The effects of the variety and distribution of plants in
Mediterranean ecosystems on forest fires in the world are
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undeniable. In this sense, many fire ecologists have
examined the parameters that are effective in all stages of
the fire, through the elements that affect or change the
course, level and severity of the fire, with their studies.
From boreal forests to savannas, from grasslands and
bushes to tropical forests, fires occur in most parts of the
globe. Besides, the fires that took place during the long
summer drought period in the world, especially in the
regions where the Mediterranean climate is observed
(California, Mediterranean Basin, Cape region,
southwestern Australia), are the most important factors that
cause the ecosystem dynamics to be shaped (Christensen,
1994; Pausas and Vallejo, 1999b). While fires cause a
significant loss of biomass in these ecosystems every year,
they also cause biomass increase by enabling the renewal
and development of vegetation. Some ecosystems change
their structures with fire, and their renewal as well as their
continuity takes place in this way (Neyisci, 1993). The
Mediterranean Basin, in which Tiirkiye is located, has been
under the influence of Mediterranean climate types
characterized by summer drought for approximately 1.6
million years. The transition to the settled order in the
region since 790,000 years ago, anthropogenic fires were
added to the natural fires (Goren-Inbar et al., 2004) and the
plants in the Mediterranean region have been under the
influence of the fires that have occurred frequently since
those times (Verdt ve Pausas, 2007).

Plant species that make up the Mediterranean region,
where fires occur frequently and where different fire
regimes are seen, have developed different adaptations to
fire throughout their evolutionary processes (Neyisci,
1996; Tavsanoglu and Giirkan, 2004; Pausas, 2015;
Lamont and He, 2017). Adaptations such as resprouting
(Pausas, 1997), plant flammability (Neyisci, 1987; Pausas
et al., 2017; Aktepe, 2021), fire-induced flowering
(Borchert and Tyler, 2009), keeping the cones closed -
serotiny- (Kazanci , 2021) and fire-stimulated germination
(Moreira et al., 2010; Tavsanoglu et al., 2017; Catav et al.,
2018; Kazanci and Tavsanoglu, 2019) cause rapid
ecosystem renewal after a fire (Kazanis and Arianoutsou,
2004; Moreno and Oechel, 2012; sero and Giirkan, 2014).
Flammability, which is one of these adaptations, is a
biological character that can evolve (Pausas and Moreira,
2012). The determination that plant species present
different strategies against flammability in recent studies
shows that the effect of flammability character on plant
evolution and ecology is high (Keeley et al., 2011; Pausas
et al., 2017; Aktepe, 2021). In any fire in urban areas,
drastic response to plants with fire adaptation can result in
serious species loss. Such interventions reveal the
necessity of evaluating the interventions before, during and
after the fire from an ecological perspective, especially in
10 metropolitan cities with Mediterranean vegetation
where these species are found.

Dialectical Relationship between Forest Fires and
Urban Areas in Tiirkiye

According to the forest asset research conducted by the
Ministry of Forestry, forest areas in Tiirkiye, which has an
area of 78 million hectares, represent approximately 30%
of the total area. 5.7 million hectares of approximately 23
million hectares of forest area are located in 10
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metropolitan cities within the Mediterranean ecosystem in
Tirkiye. 7 of these metropolitan cities, which constitute the
sample area of the study, are among the top 10 provinces
in Tirkiye’s forest area (OGM, 2021). This concentration
increases the possibility of proximity, interaction and
integration between forest and urban areas due to the
abolition of the public legal personality of the villages and
towns within the metropolitan cities and the expansion of
the provincial borders as of 2012. As a matter of fact, the
amendments made in the local administrations legislation
with the Law No. 6360 caused 6 of the 10 metropolitan
cities subject to the study to become metropolitan cities as
of 2012 and the integration of the municipal borders with
the provincial administrative borders (Table 1).

Table 1 shows that, the central population density of 4
provinces that were metropolitan cities before 2012, which
was over 70%, is an important trigger of urban sprawl. On
the other hand, almost half of the population of the
provinces that gained metropolitan character after 2012 are
settled in rural areas, shows a different triggering example
that will increase the spread by equating all provincial
property borders with municipal borders. Metropolitan
cities, where the definition of the rural-urban distinction
and contiguous area have disappeared, have become places
where all natural and built environmental elements exist.
In a much more assertive expression, all built and natural
environmental elements have turned into urban elements
(Aktepe, 2022). As a result, the local reform movements,
which started with the renewal of the 2004-2005 local
government laws and gained momentum in 2012, made the
provincial administrative organization of Tirkiye no
longer identifiable through the rural-urban divide.

Public reform efforts in local governments after 2000,
which express a transformation that accelerates the process
for the intertwining of wildlife and urban life, has also
increased the possibility of human activities as the
perpetrator of forest fires. In addition to reasons such as
rent, terrorism and arson, urban activities such as cigarette
butts, picnic fires, power lines, house fires become the sole
cause of forest fires, both through the expansion of the
local government service area and the urban sprawl
experienced in proportion to population growth. The main
point to be emphasized at this stage in the study is the
possibility that the convergence of urban areas to forested

areas in every respect, rather than the human activities that
cause fire, will harden the response in any forest fire.

The 10 metropolitan cities examined in the study
constitute approximately one fourth of Turkiye’s total
forest areas, according to 2021 forest assets data. In
parallel, the data obtained from the European Forest Fire
Information System demonstrate that the areas burned in
2021 in the 10 metropolitan cities examined constitute 78%
of the total burned areas in Tiirkiye (Figure 1). The
metropolitan cities, which are considered as samples, are
the provinces with the most burned forest area in the forest
fires in 2021 in Tirkiye. This situation reveals the
dialectical relationship between forest fires and urban area,
which is emphasized in the hypothesis of the study. As a
matter of fact, the dominant situation (46.9%) in the ratio
of the forest area of the 10 metropolitan cities to the general
area of the province (Orman Genel Midiirligi, 2021)
makes this mutual relationship important. This ratio is one
of the most important factors that brings urban life closer
to forest area for the sample area, which constitutes
approximately one fourth of both Tiirkiye’s population and
Tiirkiye’s forest assets.

Another important point is that these cities are the only
metropolitan cities in the Mediterranean ecosystem in
Tiirkiye. Many of the plant species found extensively in the
Mediterranean region are considered environmentally and
economically. Therefore, it is very important to understand
the consequences of using fire as a management tool.

In Tiirkiye, approximately 195,538 ha burned in 2021.
Although this figure seems like a sudden increase, the last
10-year data on the number of burned forests and fires from
the European Forest Fire Information System show that the
number, intensity and impact of forest fires is gradually
increasing (Figure 2).

Turkish pine and scrub communities are common in 10
metropolitan cities due to the Mediterranean Ecosystem’s
area of influence in Tiirkiye. These species include those
that often dry out and, so to speak, naturally form a
pyrogenic highland landscape and are therefore frequently
adapted by fires (Table 2). After the updating of provincial
administrative borders, the fact that these species remain
within the metropolitan borders in the Mediterranean
region causes urbanization to turn into a pressure factor on
these species.

Table 1. Expansion of the Borders of 10 Metropolitans after 2012 and Population Ratio

Metropolitans with Expanded Borders after 2012 within the scope of Law No. 6360

Metropoli 2012 Provincial 2012 2012 Metropolitan Population 2020

No . Centers Total

tans Population ) Share (%) -
Population Population
1 [zmir 4.005.459 3.661.930 91,4 4.394.694
2 Adana 2.125.635 1.886.624 88,7 2.258.718
3 Mersin 1.682.848 1.327.870 78,9 1.868.757
4 Antalya 2.092.537 1.492.674 71,3 2.548.308

New Metropolitans After 2012 within the scope of Law No. 6360

5 Hatay 1.483.674 742.590 50 1.659.320
6 Aydin 1.006.541 611.846 60 1.119.084
7 Denizli 950.557 670.812 78,8 1.040.915
8 Mugla 851.145 373.937 43,9 1.000.773
9 Manisa 1.346.162 904.513 67,1 1.455.451
10 | Balikesir 1.160.731 711.743 61,3 1.244.419

Source: TUIK, 2020
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Figure 1. Forest Presence and Burnt Forest Area Rate by Provinces in Tirkiye (2021)
Source: (Orman Genel Miidirligi, 2021)
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Figure 2: Burnt Forest Areas and Number of Fires in Tiirkiye by 2010-2020
Source: (EFFIS, 2021)

The widespread availability of fire-adapted species in
the 10 metropolitan cities studied in the study indicates that
plant species diversity is high in the cities studied (Table
2). Fires occurring in Mediterranean-type ecosystems have
caused the plants here to have different fire adaptations.

Conclusion

With the municipal law numbered 6360, the municipal
service areas of a total of 30 metropolitan cities were
combined with the provincial administrative borders. As a
matter of fact, according to the results of the address-based
population registration system for 2020 published by the
Turkish Statistical Institute (TUIK), 93% of the population
of Tiirkiye now lives in the city and district centers, which

we can define as urban areas (TUIK, 2020). In that case,
there is an irresistible closeness and interaction process
between forest areas and urban spaces. The resulting urban
sprawl and metropolitanization processes not only increase
the fragmentation of natural habitat, but also reduce species
diversity and suppress various fire-adapted plant species,
making them vulnerable to the invasion of different
species. This danger necessitates a multidisciplinary
approach to the relationship of plant species that sustain
their life with their flammability feature and urban areas.
Proactive interventions made due to the risk of
splashing to the built environment in fires occurring in the
forests within the provincial borders of Hatay, Adana,
Mersin, Antalya, Mugla, Aydin, Denizli, Balikesir and
Izmir, which constitute the Turkish leg of the
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Mediterranean ecosystem, are remarkable in terms of the
sustainability of fire-adapted plant species. In other words,
in any fire that will occur in urbanized forest areas, it will
cause a decrease in the species diversity of various plant
species that continue their life with their flammability
feature. This risk necessitates a multi-faceted study that
simultaneously deals with the concepts of urbanization and
flammability in the formation of intertwined forest and
urban policies. The interaction that exists between
wildfires and the human population is likely to increase due
to a number of factors. The increasing proximity between
the vegetation prone to forest fires and urban areas, the
ignition caused by human activities and the increase of
global warming as a result of urban activities cause
urbanization to negatively affect the natural ecosystem. As
a result, accelerating urbanization can lead to
fragmentation of natural habitats, change in species
composition and reduction in the number of native species.
As a matter of fact, it is emphasized in the study that
urbanization increases the fragmentation of natural habitat,
reduces species diversity, and suppresses various fire-
adapted plant species, making them vulnerable to invasion
by different species.

In this context, a natural barrier to be created between
forest areas and urban spaces will not only prevent the loss

of life and property in the urban space in a possible fire, but
also prevent the loss of species of various plant species that
continue their life with their flammability feature, which is
an adaptation developed against fire. In policies designed
to prevent urban spread by surrounding the city with both
let it burn and green belt strategies and regarding forest
fires, the identification of species adapted to fire in
different degrees and forestation and spatial arrangement
activities according to these species should be in question.
The preference of species with low flammability in regions
that define the border of urban and forested areas in
forestation policies will positively affect both the course of
the fire and the species diversity of ecosystems.

The increase in fire frequency and intensity seen in the
fire data of the last 10 years sheds light on two important
hypotheses. First, the basic assumption of this study is that
there is an upward trend due to the increase in fire and post-
fire interventions due to the gradual urbanization of forests.
The second is the increase in the frequency and intensity of
fires in forest areas within the Mediterranean ecosystem
due to climate change. The meeting point of both
assumptions is the formation of an atmosphere
(urbanization and air temperature increase) that will cause
the formation of fire, especially in big cities.

Table 2. Tree and Scrub Species in Forest and Scrub Areas in 10 Metropolitan Areas

Species — - Provinces_ —— - —
Mugla Antalya Izmir Mersin  Hatay Aydin  Adana Balikesir Manisa Denizli
Pinus brutia v v v v v v v v v v
Astragalus sp. v v v v v v v v v v
Olea europea v v v v v v v v v v
Pistacia terebinthus| v v v v v v v
Nerium oleander v v v v v v v v
Quercus cerris v v v v v v v
Genista
acanthoclada v v v v v v v
Pistacia lentiscus v v v v v v
Myrtus communis v v v v v v
Styrax officinalis v v v v v v
Laurus nobilis v v v v v v
Juniperus
oxycre)zdrus v v v v v
Erica manipuliflora| v v v v
Cistus creticus v v v v v
Cistus salviifolius v v v v v
Spartium junceum v v v v v
Crataegus
monog?na v v v v v
Arbutus unedo v v v v v
Arbutus andrachne v v v v v
Origanum onites v v v v v
Daphne gnidioides v v v v v
Quercus coccifera v v v v

Source: The fire-adapted species in the table, such as Nerium oleander Ceratonia siliqua Ouercus ilex Eucalyptus camaldulensis (Dimitrakopoules and
Papaionnou, 2001), Erica manipuliflora (Liodakis and Kakardakis,2006), Cupressus sempervirens (Neyis¢i and Intini, 2006; Xanthopoulos,2012) and
other species (Aktepe, 2021) were obtained by matching the relevant flammability literature with TUBIVES data.
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Subjective, human-centered and unilateral policies and
strategies created in response to the increase in the level,
area and severity of the fire remain ineffective in the
holistic solution of the problem. As a matter of fact, it has
been observed that the preferred extinguishing intervention
methods are not effective in forest fires located in the cities
of the United States of America, European countries and
Tirkiye, which have the characteristics of the
Mediterranean ecosystem. No form of intervention that
does not have an ecological character will exhibit an
inclusive and holistic approach to the built and natural
environment elements. This situation will cause
irreversible damage to people or vegetation in the fire area,
even when the fire is extinguished. The main point
emphasized by the study is that interventions with
increasing severity in parallel with the increase in the
probability of fire will reduce the species diversity of fire-
adapted plant species as well as cause extinction.

People, who are the high suspects of urbanized forest
fires, turn into a savior charismatic human imagination in
extinguishing forest fires that cause loss of life and
property. In other words, both fire-causing activities and
post-fire extinguishing activities are actually unnatural
human interventions in nature. In this sense, even in the
ecological cycle defined by the flammability of a plant, the
individual and society are simultaneously involved in all of
the perpetrator, victim and savior positions. The intricate
interrelationship of natural and built environment
elements, which are inextricably mixed with each other,
should make urban policy planning, urban actions and
strategies decisive factors for the sustainability of ecology
and the protection of biodiversity.
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