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Abstract

The rising temperatures and decreasing rainfall are expected to have negative effects on ecosystem services by causing sig-
nificant shrinkage or shift of forest distribution particularly in Mediterranean basin. In this study, it was aimed to determine
the distribution of oriental beech (Fagus orientalis Lipsky.) by modelling the current and future potential locations of the
habitats. With Maximum Entropy (MaxEnt) approach, we predicted its distribution under current and future conditions (RCP
4.5 and RCP 8.5) in Turkey. Modelling was performed by using eight bioclimatic variables that show significant relationship
to the current distribution of oriental beech and were widely used in the literature. The fitted model had high quality (93.5%
AUC) and is biological meaningful. The prediction of warmer condition in future showed that the populations on the southern
slopes of the North Anatolian Mountains were expected to shrink and that there would be reduction in the populations found
in the main distribution area in the Istranca Mountains and the Northern Anatolia, especially in populations in the transition
zone of Central Anatolia. Also, oriental beech would lose its isolated-marginal populations in the southeast of Turkey. The
results highlight the importance of a genetic conservation programme for beech population in Turkey. Otherwise, the genetic
pools seem to extinct under climate change. Furthermore, the paper is intended to provide a starting point for a monitoring
of oriental beech at the edge of its distribution, to observe its climatic migration.

1 Introduction

Oriental beech (Fagus orientalis Lipsky.), of which a sig-
nificant portion of geographical distribution is mostly in
Turkey, is also distributed in Bulgaria, Greece, Crimea, the
Caucasus, and Iran. It is an economically and ecologically
important species (Ertekin et al. 2015). The most suitable
growth conditions are the north-facing slopes of the North-
ern Anatolian orogenic belt located in the Black Sea region
and the Istranca Mountains in Thrace (Yaltirik 1982; Ertekin
et al. 2015).
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Including the Anatolian Peninsula, the entire Mediter-
ranean basin is considered as one of the most vulnerable
regions to climate change in the world (IPCC 2007; Ozdemir
etal., 2011; Kovats et al. 2014). According to UNDP (2019),
Turkey is included among the “countries at risk” that are
highly vulnerable to climate change (UNDP 2019). Global
climate change will rise to occasion with the rise of tempera-
tures and a decrease in precipitation in the Mediterranean
Basin (Giorgi and Lionello 2008). The rising temperatures
are expected to have negative effects on ecosystem services
such as water conservation and production, climate regula-
tion, soil retention and flood control by causing significant
changes in ecosystems.

Talu et al. (2011) state that climate change will affect
Turkey through climate-related natural disasters such as fre-
quent forest fires, droughts, floods, desertification and ero-
sion as well as an increase in ecological degradation rate and
depletion of water resources. Toros (2012) underlines that
the rise in temperature during warm periods will be higher
than the rise in temperature during cold periods. (Tayanc
et al., 2009) emphasizes that there is a significant warming
trend since 1993 in Turkey, and that the maximum tempera-
tures in history have been recorded in recent years, while
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Sen (2013) reports that the average summer temperature in
the 2000s in Turkey is about 1.5 °C higher compared to the
temperature 30—40 years ago. Demircan et al. (2017) pre-
dicts that the snow will melt early in the spring due to this
rise in temperature. In a study conducted by Erlat and Turkes
(2011), it was stated that there was an overall reduction in
the annual number of frost days in many stations around Tur-
key during the period between 1950 and 2010. Sen (2013)
reported that no significant change was observed in the pre-
cipitation during the period, when climate records were kept,
except north-eastern Turkey where precipitation increased
regionally. In spite of that, future projections indicate that
the annual total precipitation will decrease, especially in
Central Anatolia and South-eastern Anatolia. Dalfes et al.
(2007) stated that during the period between 1951 and 2004,
winter precipitation considerably decreased in the western
provinces of Turkey, whereas autumn precipitation increased
in the stations located in the northern part of Central Ana-
tolia. According to Garcia Ruiz et al. (2011), precipitation
decreased in the western coastline of Turkey between 1950
and 2002, despite the positive trend observed in the north
of Turkey. Yalcin (2012) reported that the water potential of
Turkey decreased down to 163.79 billion m* from 178.15
billion m? in the period between 1989 and 2009 depending
on the decrease observed in the runoff.

According to future climate projections for the period
between 2071 and 2100, it was stated that Turkey’s average
annual temperature would increase all across the country.
The average temperature was expected to rise up to 6 °C,
especially in the Aegean region (Dalfes et al. 2007). Sen
(2013) stated that the average summer temperature will rise
around 1.0 to 2.5 °C in the mid-twenty-first century and 5 to
5.0 °C by the end of the twenty-first century. Moreover, win-
ter temperature increase was estimated to be higher in the
eastern half of the country during this period. In the same
period, it was stated that the precipitation would decrease
along the Aegean and Mediterranean coastlines as well
as Turkey’s Black Sea coastline, while little or no change
would be observed in Central Anatolia (Dalfes et al. 2007).
While significant decrease in precipitation was expected
to be observed in the south-western coast of Turkey, more
precipitation was expected to occur in the coastal region of
the Caucasus, and less winter precipitation in the Mediter-
ranean coast (Yalcin 2012). Talu et al. (2011) estimate that
there will be a greater decrease in summer precipitation in
the northern half of Turkey compared to the southern half.

Forests are one of the ecosystems most affected by cli-
mate change. Adaptation of trees, which can survive for
centuries or even for thousands of years, to rapid change
in the climate is not that easy (Lindner et al., 2010). For
this reason, local extinctions and loss of important functions
and services are expected (Keenan 2012). Several dendrocli-
matological studies show that the most important factor of
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annual ring growth in Turkey is the precipitation occurring
in in May and June (Akkemik 2000; Akkemik et al. 2008). In
addition to this limiting effect of precipitation, high tempera-
tures experienced in the same period increase the severity
of drought and limit radial growth (Kose et al. 2012, 2017,
Guner et al. 2017; Akkemik et al. 2005, 2008; Touchan et al.
2007). Over the last two decades, researches on the effects
of climate change, species adaptation and migration have
increased significantly.

Oriental beech forests in Turkey are about 2.05 million
hectares, which corresponds to 8.5% (OGM 2015) of the
country’s total forest area. The altitude range of the oriental
beech in the Balkans is 10 to 800 m (m.a.s.l.) above sea
level. In Turkey, it goes up to 1500 to 1700 m in the Black
Sea valleys and up to 2000 m in the Aegean mountains
(Atay 1982; Atalay 1992; Ata 1995; Ozel and Ertekin 2011;
Ertekin et al. 2015). Apart from Northern Anatolia, where
it is mainly distributed, oriental beech residual forests are
also available in the Eastern Mediterranean region of Tur-
key including Adana, Osmaniye, Hatay and Kahramanmaras
(Yilmaz, 2010). Although oriental beech forests generally
form mix stands with Caucasian fir (Abies nordmanniana
(Steven) Spach), nordmann fir (A. nordmanniana (Stev.
Spach. subsp. bornmuelleriana (Mattf.) Coon & Cullen), Ida
Mountain fir (A. equitrojani Aschers et Sinten), Scotspine
(Pinus sylvestris L.), Anatolian black pine (P. nigra Arnold
subsp. pallasiana (Lamb.) Holmboe) and oriental spruce
(Picea orientalis (L.) Link.) at high altitudes in Turkey.
However, oriental beech also occurs in large areas in pure
stands (Atalay 1992; Ata 1995; Ertekin et al. 2015). The
distribution patterns of the F. orientalis in the south-eastern
Balkans suggest that F. orientalis may occur on drier and
warmer sites than F. sylvatica (Kandemir and Kaya 2009).

Modelling the possible future distribution areas of spe-
cies such as climate change-sensitive oriental beech (Martin-
Benito et al. 2018; Kose and Guner 2012) may be a signifi-
cant guide in terms of forest protection and management.
Species distribution models are among the most effective
and widely used methods in understanding future distribu-
tion of species (Dyderski et al. 2018; Kramer et al. 2010).
These models help to identify zones similar to the current
distribution areas for species, in case the environmental vari-
ables change, by using the current distribution data of the
species and various environmental variables (Pearson 2007
Li and Wang 2013; Elith and Leathwick 20009).

In this study, it is aimed to support high-accuracy silvi-
cultural decisions in conservation and management prac-
tices by examining possible changes due to climate change
in oriental beech forests towards the end of this century. For
this aim, modelling was carried out with Maximum Entropy
(MaxEnt) software using 8 different bioclimatic variables
according to Representative Concentration Pathway (RCP)
4.5 and RCP 8.5 global climate change scenarios in 2050
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and 2070 from WorldClim database. Specifically, we pursue
the following objectives: (i) to model the present distribution
of F. orientalis, and (ii) to project the future distribution of
F. orientalis under different climate change scenarios.

2 Material and method
2.1 Study region and occurrence data

The current study focused on the distribution of oriental
beech in the borders of Turkey. Oriental beech occurrence
data were obtained from forest management plans of the
General Directorate of Forestry of Turkey (GDF, traceable
reference of occurrence data) which are much more sensitive
spatial data than European Forest Genetic Resources Pro-
gramme (EUFORGEN). In this study, we used 70% training
and 30% test data set to validate the model across the entire
dataset. The spatial data of the oriental beech used in the
study and the location of the study area are given in Fig. 1.

2.2 Climate data

For our investigation, we used the WorldClim 1.4 (World-
Clim 2019, 2.5-min spatial resolution). The climate data
comprised the period from 1960 to 1990. The data is widely
used in modelling studies for species distribution (Panagos

et al. 2017). In this platform, 19 bioclimatic variables are
available which represent the types of seasonal trends per-
tinent to the physiological constraints of different species
(Hijmans et al. 2005; O’Donnell and Ignizio 2012). All these
bioclimatic variables and distributions related to beech were
tested before the models were introduced. Highly correlated
variables to best express the natural distribution of oriental
beech were identified and screening was conducted among
the bioclimatic variables. The eight most important biocli-
matic variables, which are frequently used and widely used
in species distribution modelling studies and also directly
affect the natural distribution of oriental beech, were used
in this study to optimize the future distribution of eastern
beech in the literature (Graham 2003; Garcia et al. 2013;
Haghshenas et al. 2016a, b; Qin et al. 2017; Yaman et al.
2021). In the study, eight variables are used as seen Table 1.

Hadley Global Environment Model 2-Earth System
(HadGEM2-ES) 2.5-min spatial resolution featured climate
model was used in this study also from the WorldClim 1.4
dataset. This global circulation model was selected because
it fits best our assumptions for the climatic change in Turkey
(see supplementary data 1 (Sla and S1b) and mentioned
climatic assumptions in Sect. 1). We prefer the usage of one
global circulation model instead of ensemble. In our case,
we expect this to simplify the interpretation of results. That
is why, we have applied four climatic situations to observe
under which conditions range loss of beech starts. The
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Figure 1 Input data for Maximum Entropy area of oriental beech in the study boundary
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Table 1 WorldClim bioclimatic variables

Codes Bioclimatic variables

Biol Annual mean temperature

Bio2 Mean diurnal range (mean of monthly (max
temp—min temp))

Bio5 Max temperature of warmest month

Bio6 Min temperature of coldest month

Biol2 Annual precipitation

Biol4 Precipitation of driest month

Biol5 Precipitation seasonality (coefficient of variation)

Biol8 Precipitation of warmest quarter

most extreme and intermediate scenario were selected from
HadGEM2-ES: the former achieving 8.5 W/m? by 2100
(RCP 8.5), while the latter an increase of 4.5 W/m? (RCP
4.5), also in the same deadline. These scenarios represent
the concentration of greenhouse gases and pollutants result-
ing from human activity, adopted by the Fifth Assessment
Report (IPCC 2014). Two time slots were studied for each
RCP: 2050 (average for 2041-2060) and 2070 (average for
2061-2080).

2.3 Statistical model

The distribution of beech was fitted by Maximum Entropy.
The approach uses the principle of Maximum Entropy on
presence only data to estimate a set of functions that relate
environmental variables and habitat suitability in order to
approximate the species’ niche and potential geographic

distribution (Phillips et al. 2006). It is a discriminative
modelling technique, meaning it fits species occurrences
relative to available habitat in a model as uniform as pos-
sible between two probability densities (Elith et al. 2011).
Although Maximum Entropy was designed to use current
only data, it also performs well when compared to pres-
ence absence procedures that utilize both real and pseudo
absence data (Elith et al. 2006). Validation of the mod-
els created with receiver operating characteristic (ROC)
curve, which was widely used in a wide variety of model-
ling studies, and area under curve (AUC), which expressed
the area under this curve as well as the level of success
of the model, was performed (Metz 1978; Alonzo and
Pepe 2002; Bugday 2018; Laaribya et al. 2021). In eco-
logical modelling studies, also the Jackknife test is applied
in order to reveal the predictive sensitivity of the model
(Efron 1982). In this validation method, the models with
AUC values of 0.5 and above are taken into consideration.
Here, the success of the model is defined by its proximity
to the number 1. In the literature, the fact that the AUC
value is 0.65-0.75 indicates a medium-scale model suc-
cess, while values over 0.75 indicate an acceptable model
success, and 0.95 and above indicate that the model suc-
cess is excellent (Hanley and McNeil 1982; Rice and Har-
ris 2005; Tharwat 2018).

In order to be able to model the existing and potential
distribution areas, MaxEnt 3.4.1 software (Steven et al.
2020) was used, and map displays and the calculation of
area gain or loss and species shift (Table 2) were made
with ArcGIS 10.3 software (ESRI 2011).

Table 2 Predicted current and future potential natural distributions of oriental beech

Current distribution ~ Potential distr. present ~ RCP 4.5 RCP 8.5
2050 2070 2050 2070
Habitat suitability area (km?) 20,559.88 54,231.53 19,598.55  18,126.69  19,635.86  18,862.03
Percentage of Fagus orientalis in the 8.5 23.97 7.37 6.39 7.12 6.25
forested areas (%)
Area loss (%) -4.68 -11.83 -4.49 -8.26
Percentage of Fagus orientalis in Turkey 2.62 6.92 2.50 2.31 2.51 241
(%)
Latitude Min 28.1983 40.7360 41.9650 42.0370 41.5973 41.9796
(decimal degree) Max 40.0420 40.8150 41.0700 41.3475 40.0779 40.5565
Mean  40.5760 40.6290 41.1500 41.3210 41.2260 40.7410
Longitude Min 41.9810 39.0650 34.4490 34919 32.1371 33.7205
(decimal degree) Max 36.9150 40.3840 41.3800 29.1623 29.1623 31.8023
Mean  29.9230 39.1480 32.4380 32.4540 32.4540 30.9890
Elevation (m) Min 0 0 0 0 0 0
Max 2210 2258 2237 2316 2243 2311
Mean 925 928 925 896 918 901
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3 Results

As a result of the modelling done within the scope of
this study, validation area under curve (AUC) value was
found to be 0.935 (93.5%). This value indicates that
modelling is done precisely and model quality is quite
high (Fig. 2).

As a result of the Jackknife test applied in this study,
Bio 2 (mean diurnal range (mean of monthly (max
temp—min temp))) was defined as the most significant
variable with a rate of 90.3%. This was followed by Bio
14 (precipitation of driest month) with 78.2% and Bio 18
(precipitation of warmest quarter) with 72.9%, respec-
tively (Fig. 3).

The model results obtained based on the current and
future (the years of 2050 and 2070) projections carried out
in this study were mapped and displayed as below (Figs. 4,
5 and 6).

Figure 2 ROC curve and AUC

Sensitivity vs. 1 - Specificity for fagus

According to the RCP 4.5 scenario for the years of
2050 and 2070, it is predicted that oriental beech will lose
its isolated and marginal populations found in Adana,
Osmaniye, Hatay and Kahramanmaras provinces of east-
ern Mediterranean region of Turkey, and also its popula-
tions found on Istranca Mountains in Thrace will shrink
and reduce. Also, it is predicted that in the Eastern Black
Sea region, which is the main distribution area of the spe-
cies, the populations will continue to exist on the northern
slope of the mountains, where the humidity and precipita-
tion economy are more advantageous; therefore, it will
remain its existence in a narrower lane than its current
distribution (Figs. 5 and 6).

According to the RCP 8.5 scenario for the years of 2050
and 2070, it is predicted that the oriental beech will lose
its isolated and marginal populations in Adana, Osmaniye,
Hatay and Kahramanmaras provinces, and also there will
be reduction and significant spatial losses in populations
inserted from the Black Sea towards Central Anatolia in
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given in Table 2. Overall, it was found that there would be
a reduction in terms of distribution of this species in the
future, and that the species would lose its distribution in the
south of Turkey. The total habitat suitability area decreased
gradually from 2050 to 2070 under the moderate emission
scenario (RCP 4.5) and the severe emission scenario (RCP
8.5) (Table 2).

As a result of the modelling, according to the projec-
tion obtained by using the RCP 4.5 scenario for 2050, it
was predicted that the lowest vertical distribution of oriental
beech species in Turkey would be around the coastlines in
Zonguldak-Eregli in Western Blacksea Region and Istanbul-
Sile (0 m) in Marmara Region. The highest distribution of
oriental beech was projected to be around Bursa-Uludag
(2000 m) and Bolu-Dortdivan (1950 m). According to the
projection obtained by using the RCP 8.5 scenario for 2050,

it was predicted that the lowest vertical distribution of Fagus
orientalis in Turkey would be around the coastlines in Zon-
guldak-Eregli and Sinop (0 m), whereas the vertically high-
est distribution of oriental beech would be around Bursa-
Uludag (2000 m) and Artvin-Borcka (1980) m.

As a result of the modelling, according to the projection
obtained by using the RCP 4.5 scenario for 2070, it was pre-
dicted that the lowest vertical distribution of oriental beech
species in Turkey would be around the coastlines in Sakarya-
Karasu and Bartin-Kurucasile (O m). The highest distribu-
tion of the oriental beech was projected to be around Artvin-
Borcka (2010 m) and Bursa-Uludag (2000 m). According
to the projection obtained by using the RCP 8.5 climate
change scenario for 2070, it was predicted that the lowest
vertical distribution of beech in Turkey would be around
the coastlines in Zonguldak-Eregli and Kastamonu-Inebolu
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(0 m), whereas the vertically highest distribution of oriental
beech would be around the areas located on the North of
Bolu-Seben (2070 m) and around Bursa-Uludag (1900 m).

Until 2070 in Turkey, it is predicted that the horizontal
distribution of oriental beech will become very limited in the
southern parts, that it will expand in the central and north-
eastern direction and that the density of oriental beech will
increase in these areas. According to the RCP 8.5 scenario
for 2050 and 2070, it is predicted that oriental beech will
be extinct in the southern parts. According to WorldClim
2050 and 2070 climate change scenarios, the spatial distri-
bution of beech in Turkey will be between 41°53'N latitude
and 26°49'E longitude, and 39°51'N latitude and 41°48'E
longitude.

4 Discussion and conclusions

It is well known that global climate change strongly affects
plant distribution and survival. In this study, which aimed
to model the distribution of oriental beech in Turkey, a total
of eight bioclimatic variables were used. Evaluations were
made based on two different climate scenarios, RCP 4.5 and
RCP 8.5, which were obtained from WorldClim. According
to these two different climate scenarios, it is predicted that
the natural distribution area of oriental beech, which is one
of the important primary forest tree species in in Turkey
and has important silvicultural functions for forest ecosys-
tems, will reduce; that it will decrease to a great extent in
the south and southwest locations of Turkey until 2070 and
that it will completely lose its isolated marginal populations
in Amanos mountains. Moreover, it is predicted that there
will be reductions in its populations found in the Istranca
Mountains, in the South of Marmara region and in the area
between Central Black Sea and Black Sea regions.

Considering the MaxEnt’s projections based on optimis-
tic, moderate and severe scenarios for 2070, it is also fore-
seen by Dagtekin et al. (2019) that there will be a severe
reduction in the geographical distribution of oriental beech,
and the species will continue its existence, especially in the
Caucasus. The results of MaxEnt showed that it could not
catch the distribution on the Amanos Mountains for the cur-
rent model. In opposition to MaxEnt outputs, random forest
(RF) gave the result that there would be a small expansion
in the southern Caspian Sea. This supports the idea of this
region becoming a shelter region for the future (Dagtekin
et al. 2019).

Many studies conducted emphasize that the density
of Fagus sylvatica L. and Picea abies (L.) Karst. (Koble
Seufert, 2001; EUROSTAT 2018), which are the most
common species of Boreal and European forests, and are
economically valuable, especially for their role in lumber
industry, will decrease due to climate change in European
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forests (Kellomaki et al. 2001; Hanewinkel et al. 2013;
Ruiz-Labourdette et al. 2013; Forest Europe 2015), and
it is stated that species with more thermophilic character
will be found in the distribution areas of these species
(Kullman 2008).

In a study conducted by Thurm et al. (2018), it is stated
that there will be a 56% decrease in potential distribution
area of F. sylvatica, and this result supports the previous
studies assuming a large loss of habitat suitability for F.
sylvatica (Maiorano et al. 2013; Meier et al. 2012). In addi-
tion, Haghshenas et al (2016a, b) emphasized oriental beech
may be sensitive to increasing temperatures in the Caspian
forests, north of Iran. However, this result contradicts with
the studies of Dyderski et al. (2018) and Falk and Hemp-
elmann (2013) stating that there will be an increase in the
distribution. The determining factor of gaining or losing in
the distribution area of a species under global warming is
closely related to the latitude centre and temperature adapta-
tion of the current distribution. This situation confirms the
hypothesis of the gain in distribution area of the southern
tree species is stronger than the northern tree species (Thurm
et al. 2018). Other studies focusing on mountainous areas
show that climate change causes most of the studied plant
species to shift upwards (Lenoir et al. 2008; Penuelas and
Boada 2003; Rigling et al. 2013; Walther et al. 2005).

In a study conducted by Yalcin (2012) on the natural dis-
tribution area of oriental beech species in Turkey, it is stated
that the change in suitable areas would be dramatic, most
of the existing suitable areas would disappear by the end
of 2050, and based on optimistic predictions, only 3-7% of
current stands would remain suitable by 2080. Yalcin (2012)
states that especially in Kastamonu province, the protected
areas would remain along the Kure Mountains, for exam-
ple most of the oriental beech forests in Kure Mountains
National Park would be preserved. Also, it was emphasized
that there would be some gain along the Ilgaz Mountains,
another compact area would remain at high altitudes above
1000 m of Yenice forests; however, most of the existing
beech distribution around the Uludag Mountains would be
lost, and that the areas at high altitudes, where forest cover
was not currently available, would become suitable for the
oriental beech species in the future (Yalcin 2012).

In another study conducted in Georgia and the Western
Caucasus, it was found that the effect of drought was quite
low in oriental beech trees grown at high altitudes, while
high temperatures in spring and summer increased the devel-
opment of annual rings. It was predicted that the increase in
temperature foreseen in the climate change scenarios could
accelerate the growth of the oriental beech, which grew in
the middle and upper altitudes in this region. The study
results showed that the region could act as a potential shel-
ter, especially considering the more arid regions surrounding
the Western Caucasus, and emphasized that the naturally
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aged forests in this region must be preserved (Martin-Benito
et al. 2018).

In our study, in severe emission scenario conditions in
both 2050 and 2070 periods, fewer area losses were detected
in the distribution area of oriental beech than in the moderate
emission scenario, interestingly. As it known, oriental beech,
under Euxinian climate (a type of climate typical from
northern aspects of the Black Sea Region) characterized by
a totally different precipitation pattern (substantial summer
rain) and higher humidity (Lépez-Tirado et al. 2021), makes
its widest and most suitable spread in Turkey in the middle
and high parts of the mountains running parallel to the Black
Sea coast, and especially in the pure and mixed forests, it
forms in the northern mountains (Kandemir et al. 2016).
The fact that the oriental beech shows less habitat loss in the
severe emission scenario may be based on the positive effect
of possible increased humidity due to the effect of increased
temperature. The effect of Biol8 (Precipitation of Warmest
Quarter) in modelling can be considered as a separate basis
for explaining this situation. The Amanos Mountains are
distinctive for this species, because the oriental beech of this
is home to some relict populations (Avci 2018). However,
Dagtekin et al. (2019) stated that they described a region of
high importance such as Amanos Mountains as accurately as
possible with the results of random forest (RF) community
classifier. Future climatic conditions are expected to cause
the current distribution of oriental beech to shift higher
altitudes due to more mild and rainy climatic conditions.
The dendroclimatological studies in the region support the
model findings and designate that the oriental beech grown
in the middle and upper altitudes may increase the growth by
benefiting from the rising spring—summer temperatures, and
that this region may be a potential shelter area in the future
(Martin-Benito et al. 2018; Dagtekin et al. 2019).

Due to the fact that the percentage of empty seeds in the
populations in the most southern part of the Fagus crenata
distribution in Japan is high, it has been determined that
the regeneration ability of the forest has weakened and the
diameter increase has decreased in the last 50 years due to
global warming. For this reason, it was assumed that those
populations could be replaced with other species (Mizunaga
et al. 2005). Similarly, Yilmaz (2010) pointed out that some
unprecedented characteristics were observed in the orien-
tal beech residual forests in response to summer drought
in southern Anatolia, the empty seed rate was low and that
the fragility of these forests significantly differed from the
populations in the main distribution area.

The effects of climate change may vary depending on
the ecological and geographical characteristics of a species.
Oriental beech is a taxon to the areas that are moist in terms
of ecological preferences and have summer rainfalls (Alsos
et al. 2012). However, this species occupies a narrow eco-
logical niche being sensitive to late spring frosts and summer

drought (Peters 1997). Consequently, it has been identified
as especially vulnerable to climate change effects (Kose and
Guner 2012; Haghshenas et al. 2016a, b). Preservation of
genetic diversity of a species is of a great importance for
adapting to climate change. Genetic diversity loss is likely
due to the narrowing of the species’ distribution areas (Alsos
et al. 2012). Especially oriental beech may experience loss
of genetic diversity due to the large distribution loss (Yalcin,
2012). Therefore, existing marginal populations are impor-
tant tools to preserve genetic diversity in the future. They
have already adapted to the optimum climatic conditions
defined in relation to the main distribution of the species
(Barbati et al. 2018). Establishing seed orchards with seed
origin and/or clonal route is important as an ex situ protec-
tion measure with the production materials of marginal and
edge populations. These orchards can be critical tools for
afforestation works to be carried out in the future.

We recognize that species distribution models driven
entirely by climate variables can only explain part of a spe-
cies distribution. This can be seen also by the comparison of
the real current distribution to the potential current distribu-
tion. Besides the anthropogenic influence, biotic effects and
soil conditions have to be taken into account, especially on
local level (Conedera et al. 2021). For our study, however,
it was important to detect the large-scale patterns and these
are mainly determined by the climate. Large-scale dieback
caused by biotic pests, as we known from Chestnut blight
fungus, also in Mediterranean region, is rather rare in orien-
tal beech ecosystems. However, under increasing tempera-
ture, the impact of alien species on beech can increase and
is very hard to predict.

Monitoring populations at the limits of their bioclimatic
suitability will provide more information about species
responses to climate change. A network of such monitor-
ing stations should be immediately set up. Monitoring the
bioclimatic suitability of the populations at the borders of
distribution will provide more information on the species’
responses to climate change. Based on the results of this
study, the distribution for oriental beech, genetic monitor-
ing can start to save local population which might extinct in
future. Establishing a network of such monitoring stations
is a priority. In future studies, the application of both dif-
ferent modelling methods and the combination of different
parameters will further improve dispersion modelling stud-
ies. At the same time, Dagtekin et al. (2020) stated that com-
paring the model results with the distribution data obtained
from different sources such as pollen data, when applying
species distribution models, helps to understand the quality
and accuracy of the models. Consequently, modelling the
past distribution areas and possible future distribution areas
of species is an important guide in terms of conservation
and sustainable management of forests. In the next process,
it is thought that comparative studies can be made using
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different modelling methods including soil and topographic
parameters.
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