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ABSTRACT

Keywords . . . . Lo .
Floristic composition burning of vegetation. This study aims to evaluate the ecological impacts of forest fires, with
Forest botany particular emphasis on their effects on floristic composition, the ecological responses of plant species,
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Forest fires represent increasingly frequent disturbances in forested and semi-forested ecosystems,
primarily driven by the interplay of natural processes and anthropogenic pressures. These events have
reached alarming levels, significantly altering the structural, functional, ecological, and biological
dynamics of forest ecosystems. Recognized as among the most destructive natural disturbances,
forest fires exert direct and long-lasting effects on ecosystems that extend far beyond the mere

and the post-fire succession processes. Following fire events, substantial shifts in species diversity,
dominance, and community structure are observed. The interplay between fire-resistant and fire-
sensitive species plays a decisive role in shaping the trajectory of ecological succession. Moreover,

the rapid proliferation of invasive species—often gaining a competitive edge in disturbed habitats—
poses a serious threat to native plant diversity and overall ecosystem integrity. In this context, floristic
monitoring studies are vital for informed conservation planning. Supporting natural succession,
promoting the in situ conservation of native species, and implementing ecosystem-based
management strategies emerge as critical tools for sustaining post-fire ecosystem resilience. This
article adopts an interdisciplinary perspective to examine fire—flora interactions, synthesizing

insights from the current literature and offering region-specific recommendations, particularly for

forested ecosystems in Tiirkiye.
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1. Introduction

Forest fires are among the most important natural processes
affecting the structure and functions of ecosystems. They are
among the environmental threats becoming increasingly
frequent and severe due to increased human activities and
climate change (Turner, 1989). While fires serve as a natural
succession mechanism in some ecosystems, uncontrolled and
frequently occurring fires, in particular, can have irreversible
effects on floristic structure and biodiversity. They cause
dramatic effects on plant composition, habitat fragmentation,
destruction of ecological corridors, deterioration in soil
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structure and quality, and decreased biodiversity (Certini, 2005;
Pausas & Keeley, 2009; Turner et al., 1997).

The ecological impacts of fires are not limited to tree
burning or carbon release; they also profoundly affect plant
communities' structural and functional properties. These effects
are particularly evident in more sensitive components such as
understory flora and ground cover plants. The responses of
plant species to fire vary depending on species-specific
adaptations, such as the fire resistance of root systems, seasonal
seed set, and resprouting capacity.
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Floristic composition describes the number and distribution
of plant species within an ecosystem and is an important
indicator of ecosystem health. Fires affect this composition
directly (species elimination) and indirectly (changes in
competitive relationships, transformation of soil properties).
For example, some species can rapidly become dominant
during the post-fire succession process, while others can
disappear entirely from the ecosystem.

While distinctions are sometimes made between fire-
adapted and non-fire-adapted ecosystems, fires occur with
varying frequency and severity in nearly all terrestrial biomes
worldwide (Archibald et al., 2018; He et al., 2019; Keeley et
al.,, 2011; McWethy et al, 2013). The flammability of a
particular ecosystem is greatly influenced by the composition,
structure and species composition of the community, climatic
conditions or seasonality of conditions suitable for fire spread,
and the frequency of ignition sources (Gill & Zylstra, 2005;
Pausas & Keeley, 2009; Pausas et al., 2017).

Species' responses to fire vary depending on their ecological
traits and the characteristics of the fire regime, particularly its
frequency, intensity, seasonality, and the size of the burned area
(He et al., 2019). Fire influences both the abundance and
structure of plant communities, creating a dynamic and often
complex ecological relationship—especially critical in the
context of exotic plant invasions. Post-fire ecological
succession refers to the temporal changes in community
structure and species composition following a fire event.
During this process, species that are fire-resistant or capable of
rapid regeneration often become dominant, while slower-
growing or fire-sensitive species may decline or disappear
entirely. Consequently, the floristic composition can differ
significantly between pre- and post-fire conditions.
Furthermore, the expansion of invasive plant species into fire-
cleared areas can exert competitive pressure on native flora,
destabilizing the ecosystem and undermining biodiversity
(Daskalakou & Thanos, 1996; Mandle et al., 2011).

This article critically evaluates the ecological consequences
of wildfires on plant diversity, with a specific focus on post-fire
succession dynamics. By integrating global and Tirkiye-based
case studies, it aims to highlight patterns, gaps, and practical
implications for sustainable forest management.

2. The Relationship between Fire Regimes and
Floristic Structure

A fire regime encompasses the full range of fire-related
characteristics within an ecosystem, including frequency,
intensity, seasonality, duration, and spatial extent. These
parameters collectively play a critical role in shaping the
floristic composition and ecological dynamics of each
ecosystem. The effects of fire on biotic communities are not
determined solely by the occurrence of fire itself but are

strongly influenced by the specific attributes of the fire regime.
In particular, the frequency, intensity, and timing of fires are
key factors in determining plant species’ survival and
regeneration capacity (Gill & Zylstra, 2005; Keeley et al., 2011;
Pausas & Keeley, 2009).

2.1. Fire Frequency and Intensity

In forest ecosystems where fires occur frequently, a new fire
may occur before the natural succession process is complete.
This causes slow-growing, late-succession species to be
replaced by fast-growing, fire-resistant species. Excessive fire
pressure can reduce floristic diversity, homogenize species
diversity, and weaken ecosystem services. These effects have
been observed, particularly in the Turkish red pine (Pinus
brutia Ten.) forests of the Mediterranean and Aegean regions,
where frequent fires occur (Akkemik et al., 2023; Bond &
Wilgen, 1996; Kavgaci & Tavsanoglu, 2010).

Fire intensity is related to soil surface temperature, burning
depth, and the level of organic matter destruction. Low-severity
fires affect only the surface shrub and herbaceous layer; High-
intensity fires can destroy the seed bank, damage root systems,
and disrupt soil structure, negatively impacting regeneration
(DeBano et al., 1998). This leads to species losses and structural
disruptions, particularly in the understory flora (Pausas et al.,
2008).

2.2. Seasonality

The season in which a fire occurs can increase or decrease
its impact depending on the phenological status of the plants.
For example, a fire in spring can be fatal to plants that have not
yet flowered and produced seeds, while late-summer fires may
be less destructive because they occur after some species have
dispersed their seeds. Furthermore, the season of the fire affects
which species will benefit during succession (Daskalakou &
Thanos, 1996).

2.3. Effects of Fires on Floristic Structure

Fire regimes can affect floristic composition in the short
term (extinction of existing species or shift in dominant species)
and in the long term (direction of succession, species
persistence). In ecosystems frequently exposed to fire, fire-
adapted species (e.g., resprouter shrubs, thick-barked trees,
serotinous conifers) become prominent, while sensitive species
face the threat of extinction. This can weaken the ecosystem's
functional diversity and balance mechanisms (Keeley et al.,
2011; Pausas & Verdua, 2005).

Fire regimes observed in Turkish forests are gradually
changing due to climate change and anthropogenic impacts.
Increased fire risk, particularly after long dry periods, triggers
permanent transformations in the Mediterranean and flora,
suppressing native species and causing floristic degeneration in
some regions.
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3. Plant Types Responding to Fire

Forest fires represent one of the most significant ecological
disturbances, impacting flora, fauna, biodiversity, and
landscape structure across fire-prone ecosystems worldwide. In
Mediterranean regions in particular, fires act as powerful
ecological forces, substantially altering species composition
and disrupting ecological balance (Bond & Keeley, 2005;
Pausas & Keeley, 2009). The extent to which plant species and
communities respond to fire is shaped by various functional
traits, physiological tolerances, and reproductive strategies that
have evolved under recurrent fire regimes (Keeley et al., 2011).

Plant species exhibit capacities to persist in fire-affected
areas (Kavgact & Tavsanoglu, 2010). Mediterranean
vegetation, in particular, displays high fire adaptability due to
both vegetative and generative traits (Kazanis & Arianoutsou,
2004; Paula et al., 2009; Tavsanoglu & Giirkan, 2004). These
adaptations are the result of long-term evolutionary processes
(Pausas et al., 2004; Trabaud, 1994). Fire- adapted plant species
are typically categorized into functional groups based on their
mechanisms of persistence, regeneration strategies, and post-
fire establishment potential. Many such species survive fire
events by resprouting from dormant buds or underground
organs such as tubers, lignotubers, or rhizomes. Fire-adapted
species, which withstand fire damage due to their structural or
chemical properties, are also prevalent in fire-prone regions
(Clarke et al., 2013; Lamont et al., 2019). Mediterranean-type
ecosystems are often dominated by maquis vegetation,
characterized by species capable of regenerating both
vegetatively and from seeds (Lavorel, 1999).

Understanding the distribution and ecological roles of fire-
sensitive plant species is emerging as a critical research priority,
particularly in the context of intensifying climate change.
Global climate models predict a marked increase in the
frequency and severity of wildfires in the coming decades
(Bowman et al., 2020; Flannigan et al., 2009). Such changes are
expected not only to amplify biomass loss but also to drive
long-term shifts in vegetation composition, successional
dynamics, and ecosystem functions (Ertirk et al., 2024a,
2024b; Ozcan et al., 2024).

Fire-adapted plant species have evolved a range of survival
strategies, including vegetative resprouting, fire-stimulated
seed germination, the development of thick bark, and the
production of protective chemicals (Keeley et al., 2011; Pausas
& Keeley, 2009). For instance, some species maintain
persistent soil seed banks, where seeds remain dormant and
viable for many years. When fire occurs, the heat or chemical
cues from smoke break dormancy, promoting synchronized

germination. This adaptation, known as fire-induced
germination, is crucial for the persistence of many woody and
herbaceous species in ecosystems where crown fires are
common (Ergan, 2017; Moreira et al., 2010; Tavsanoglu et al.,
2017).

However, the extent to which these strategies are effective
under different fire regimes remains to be clarified in regional
contexts. Accurately modeling the distribution patterns of plant
groups responding to fires is crucial for post-fire ecosystem
renewal, biodiversity conservation, and sustainability.

In this context, accurately predicting the impacts of
changing fire regimes on plant communities and determining
appropriate strategies not only contributes to ecological
resilience and durability but also forms the scientific basis for
climate-adapted land management and conservation strategies
(Clarke et al., 2013; Pausas & Bradstock, 2007). Furthermore,
changes in fire regimes caused by anthropogenic land use
changes and invasive species are increasingly altering the
selective pressures on plant communities, potentially disrupting
long-standing evolutionary adaptations (Pausas & Bradstock,
2007).

4. Post-Fire Successional Dynamics of Floristic
Composition

Plant species in Mediterranean-type ecosystems can re-
enter the area after a fire due to their adaptability (Kavgaci &
Tavsanoglu, 2010). The ecological impact of fires can lead to
an ongoing reconstruction process in the form of post-fire
recovery of ecosystems (Doussi & Thanos, 1994), but can also
result in ecosystem degradation, often due to human-induced
factors, and a departure from existing floristic structure and
structural characteristics (Moreira & Vallejo, 2009).

Suppose the dominant tree species can re-establish and
develop rapidly after a forest fire. In that case, pre-fire
environmental conditions will occur earlier, and the vegetation
will rapidly return to pre-fire conditions (Arnan et al., 2007).
The emergence of open land conditions after a fire creates
favorable conditions for specific species or groups of species
that could not disperse or were present at low densities in old,
closed forests. In this context, species called pioneer species
germinate rapidly and cover the site in the first year after a fire.
Legumes and rockrose are the most prominent species in this
context (Figure 1). Legumes, in particular, are crucial for post-
fire vegetation dynamics because they improve soil nutrient
content and provide a high organic matter input. These fire
monitors survive by germinating their seeds hidden in the soil
after the fire (URL1, 2025).
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Secondary Succession

Pioneer Species

1-2ars

Figure 1. Stages of secondary succession (URL1, 2025).

5. Natural
Regeneration Processes

Succession and  Floristic

Natural ecosystems are dynamic structures that undergo
continuous change and development over time. Ecological
succession, one of the processes underlying these changes, can
be defined as reestablishing a specific order in habitats
disrupted by significant events such as forest fires, floods,
landslides, or anthropogenic activities (Begon et al., 2006).
Plant communities begin with fast-growing and short-lived
species in the early stages of natural succession and gradually
give way to climax communities. Throughout this process,
biodiversity, soil structure, microclimate, and interactions
among species become increasingly complex (Prach & Pysek,
2001). For example, herbaceous species become dominant after
fires in the early succession stages and may eventually be
overshadowed by shrubs and trees (Keeley et al., 2011). The
succession process; It depends on the interaction of many
environmental and biotic factors, such as fire, flood, and land
abandonment, climate, soil properties (pH, moisture capacity,
macro and micronutrients), and species diversity in the
immediate environment (Mitchley, 2008).

The period immediately following fires is a critical one that
must be carefully managed. During this period, the protection
of forest soil and the prevention of alien species (e.g., Ailanthus
altissima, Robinia pseudoacacia, Acacia saligna), which can
rapidly colonize post-fire habitats and suppress native
regeneration, are of great importance. Tropical and subtropical
forests, including the Mediterranean Region, have evolved
through fires. Minerals, organic materials, and seeds found in
the soil of burned areas are sources of forest renewal. However,
because these areas are completely open, they are also prone to
loss through erosion, and great care must be taken to protect
soil, a vital resource, in situ. Intensive land clearing, drainage,
and restoration activities after fires can cause the loss of this
valuable resource to wind and surface runoff. Therefore, forest
regeneration can be significantly delayed (Kemer, 2022).
Natural succession is important because it demonstrates the
self-renewal capacity of ecosystems (Rey Benayas et al., 2009).

3-4 years

5-150 years ' 150+ years

Furthermore, the recovery of ecosystem services such as
biodiversity, habitat quality, and carbon storage is directly
related to successional processes.

6. Post-Fire Floristic Change and the Role of
Invasive Species

Forest fires are powerful ecological disturbances that not
only cause immediate damage to ecosystems but also drive
long-term changes in floristic composition. Recent studies have
demonstrated that fires lead to both temporal and structural
alterations in plant diversity (Kavgaci & Tavsanoglu, 2010;
Kemer, 2022). However, the increasing frequency and intensity
of forest fires—exacerbated by climate change and
anthropogenic pressures—have been shown to negatively
affect the composition and stability of native plant communities
over time. In Tiirkiye, this trend poses a growing threat to the
structural integrity of vegetation and has the potential to result
in species losses and ecological imbalance (Akkemik et al.,
2023).

In this context, invasive plant species emerge as a critical
concern. These species often capitalize on the ecological
vacancies created by fire, rapidly colonizing disturbed areas
and outcompeting native flora (Richburg et al., 2004). Their
proliferation can alter successional pathways, inhibit the
regeneration of indigenous vegetation, and contribute to a
decline in biodiversity. In addition, fire suppression policies—
which interrupt natural fire regimes—can further disrupt
floristic balance and exacerbate the ecological impacts of
subsequent fire events (McLauchlan et al., 2020).

Thus, the ecological consequences of forest fires extend far
beyond the immediate post-disturbance phase. The interplay
between fire-driven habitat change and the spread of invasive
species gives rise to complex and persistent ecological
challenges, ultimately threatening ecosystem stability and
biodiversity. Monitoring post-fire vegetation dynamics,
evaluating the expansion of invasive species, and implementing
proactive strategies to conserve native flora are therefore
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essential for maintaining the resilience and ecological integrity
of fire-adapted forest ecosystems.

7. Conclusion and Recommendations

The forest fires, which have become more frequent and
intense due to climate change and human pressure, have and
will continue to impact natural plant species composition over
time negatively. In areas affected by fires, herbaceous plant
species diversity initially increases significantly, but then
declines as woody species re-dominate. Studies have shown
that a significant increase in species diversity occurs in the first
few years after a fire, stabilizing after 20 years. The increased
species diversity after the fire is reduced in areas subject to deep
and mechanized tillage due to the inability of deeply buried
herbaceous seeds to germinate. While removing hard-leaved
woody species in these areas benefits the planted species, it can
negatively impact shrub diversity and density. This negative
impact on plant diversity caused by mechanization can be
mitigated by conducting strip and zoned rather than full-scale
operations. However, it is important to avoid mechanization as
much as possible in areas that are home to rare and endemic

species whose populations are expected to increase after fires
(Akkemik et al., 2023).

All restoration efforts should be conducted within the
framework of biodiversity principles, aiming to restore the
natural forest ecosystem (Kemer, 2022). Natural succession and
floristic regeneration processes are crucial for understanding
the long-term recovery dynamics of degraded ecosystems and
developing conservation strategies. Careful monitoring and
guidance of these processes provide the scientific basis for
sustainable habitat management and restoration practices.
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