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Abstract

Distribution of tree species is a function of climatic (such as temperature and precipitation) and topographic (such as altitude,
slope, and exposure) parameters. It is thought that any change in climatic parameters would be one of the most effective
factors to influence the distribution of species. The adaptation of populations would depend on the phenotypic variation,
strength of selection, interspecies competition, and biotic interactions. Moreover, many ecologic and anthropogenic processes
that are related with each other would affect the distance of distribution. Hence, the detailed and reliable information about
the geographical distribution of species under changing climate conditions is of significant importance for various ecologic
and protection practices. For this reason, the present study focused on the estimation and analysis of the potential distribu-
tion of Anatolian boxwood in different scenarios (SSPS245 and SSPS585) and the estimation and analysis of environmental
factors influencing this distribution. Using the current and future (2040-2060-2080-2100) climate scenarios, the habitats
that are suitable for the distribution of Anatolian boxwood in Turkey were modeled using the maximum entropy model and
then mapped using ArcGIS software. In determining the potential distribution areas, 21 parameters (19 bioclimatic and 2
topographic variables) were used in 21 field-based formation points. The results showed that the most important variables
affecting the distribution of species were annual mean temperature (Biol), minimum temperature of the coldest month
(Bio6), mean temperature of the coldest quartile (Biol1), precipitation of the driest month (Bio14), precipitation of the dri-
est quartile (Bi017), and precipitation of the warmest quartile (Biol8). According to two future climate change scenarios,
the estimation models showed that there might be decreases up to 6% in Anatolian Boxwood population in years 2040-2060
and, in year 2100; the potential area of distribution will shift to north and higher altitudes in comparison to the current ones
and increase by 1-4%. The human help needed for maintaining the existence of new species in the suitable distribution
areas suggests the necessity of reviewing and re-designing the current forestry plans and silvicultural practices within the
context of climate change.
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1 Introduction

Climate change, which has a risen due to the use of raw mate-
rials in order to meet the increasing needs and demands of the
population in the last century and the increasing use of fossil
fuel in procuring the energy needed for processing these raw
materials, is becoming an irreversible problem that the world
should resolve (Clift 2007; Tran 2019; Wood and Roelich
2019). In this process, it is known that global climate changes
will directly or indirectly affect almost all the organisms and
ecosystems (Cetin 2016a, b; Meli et al. 2017; Gustavsson
et al. 2017; Cetin 2020a, b). The limited migration mecha-
nisms of plants and the insufficiency of adaptation of this
mechanism to climate change make the plants one of the lead-
ing organisms to be affected by climate change at most. For
this reason, it is estimated that the suitable habitats of species
will significantly decrease (Cetin 2015a, b ; Wang et al. 2017,
Andrews et al. 2017; Dyderski et al. 2018; Cetin 2019).
Forest ecosystems are remarkably affected by global cli-
mate change but they also affect the speed of global cli-
mate change. Forests are both the largest terrestrial carbon
absorbers and the most effective and low-cost instruments
to be used in balancing the global greenhouse gas emissions
(Schmidt et al. 2011; Hadden and Grelle 2016). Besides that,
the forests are significantly influenced by climate change
(Huang et al. 2020; Zeren Cetin et al. 2020; Zeren Cetin and
Sevik 2020) because, as with all other organisms, the most
important factor shaping the phenotypic characteristics of
plants is the climate (Cetin et al. 2018; Sevik et al. 2021;
Cetin and Jawed 2022). The precipitation regimes, tem-
peratures, growth periods, and increasing summer droughts
changing with the global climate change might cause a
change in the distribution of tree species (Huang et al. 2020).
Moreover, also the insect damages and increasing forest fires
due to the increasing temperatures (Ertugrul et al. 2017;
Varol et al. 2017) also contribute to these changes. It was
reported that, besides the negative reactions such as invasion
by foreign species, such conditions causing reactions like
local adaptation and migration (Aitken et al. 2008; Aitken
and Whitlock 2013) would also have positive effects such as
an increase in the wood production as a result of the increase
in the area of forests (Lindner et al. 2010; Smith et al. 2012;
Popp et al. 2017; Rogelj et al. 2018). It is estimated that
climate change will cause decreases in distribution areas
and habitat losses for certain species (Varol et al. 2021) but
enlarge the distribution areas of some other species (Melles
et al. 2011; Lopez-Sanchez et al. 2021). Furthermore, the
projection that the areas, which are suitable for the spread
of only one species, will become suitable for other species
(McLane and Aitken 2012) corroborates the enlargement
of other species’ distribution areas. Dyderski et al. (2018)
estimated the threat levels for 12 tree species (Abies alba,
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Fagus sylvatica, Fraxinus excelsior, Quercus robur, Quercus
petraea; Betula pendula, Larix decidua, Picea abies, Pinus
sylvestris, Pseudotsuga menziesii, Quercus rubra, and Rob-
inia pseudoacacia) for the period 2061-2080 with three cli-
mate change scenarios (optimistic, neutral, and pessimistic
scenarios) and determined that these tree species will react
to these changes in different ways.

From the aspect of the effects of climate change, Turkey is
among sensitive and “under-risk” countries (UNDP 2019). In
future climate projections, it is projected that the annual temper-
ature will increase in general in Turkey until 2100 (the increase
may reach 6 °C especially in the Aegean region) and that higher
levels of decrease in precipitation will be observed in northern
regions in comparison to the southern regions (Dalfes et al.
2007; Talu et al. 2010). Because global climate change will
occur at a speed that plants will have difficulty in adapting to, it
is necessary to predetermine the future changes in order to take
measures against the species and population losses especially
for the species having limited distribution areas.

For this reason, the present study focused on the estima-
tion and analysis of the potential distribution of Anatolian
boxwood in different scenarios (SSPS245 and SSPS585)
and the estimation and analysis of environmental factors
influencing this distribution. For this purpose, the period
between 2040 and 2100 (with 20-year parts) was analyzed
using Shared Socioeconomic Pathways (SSPs) according to
the 245 and 585 global climate change scenarios. In analy-
ses, 19 bioclimatic variables including temperature and
precipitation data and isothermality and Emberger climate
classification calculated using temperature and precipitation
(Poggio et al. 2018; Chang et al. 2020) were modeled using
Maximum Entropy software.

2 Material and method

Anatolian boxwood (Fig. 1), which is endemic to western
and eastern Europe, northwestern Africa, and southwestern
Asia, spreads from England in the north to northern Morocco
in the south and from the northern Mediterranean region to
Turkey in south (Rushforth 1999). In this study, the data-
base of Buxus sempervirens having a wide distribution area
within Turkey was used (GBIF 2021). Distribution of Buxus
sempervirens in Anatolia divides into several parts, and the
most isolated societies are observed in Amanos Mountains
and the mountains near Denizli. In Turkey, it was observed
to have natural distribution in 21 locations including Kocaeli,
Bolu, Kastamonu, Zonguldak, Trabzon, Rize, Artvin, Deni-
zli, Osmaniye, Kahramanmaras, and Hatay (Akkemik 2018).

Species distribution models are used by the International
Union for Conservation of Nature (IUCN) in protecting the
species such as Anatolian boxwood (Chadburn and Barstow
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Fig. 1 Current distribution area of Anatolian boxwood (a), biovariables of some Anatolian boxwood distribution areas (b, ¢, d, e, f, g)

2018) having the least concern for existence (LC-Least Con-
cern) from the environmental conditions changing with the
effects of climate change, to determine the areas suitable for
species, and protecting their own habitats (Fois et al. 2016;
Safaei et al. 2018). In modeling the current and potential
areas of Anatolian boxwood in the present study, the MaxEnt
that is one of the species distribution models was preferred
for its usability for both categorical and environmental lay-
ers, ability to predict the distribution of threatened species
even at low sample sizes, usability of repetitive studies in
testing the model, measurability of environmental variables’
importance by using jackknife test, and usability for project-
ing the future under the effects of climate change (Phillips
and Dudik 2008). Jackknife test examines the importance of
individual variables for the MaxEnt estimations. The data
were mapped using ArcGIS 10.5 software.

In analyzing 19 bioclimatic variables used for most
accurately estimating the future distribution of Anato-
lian Boxwood, the representation of stratocumulus by
the atmospheric component of the Centre National de
Recherches Météorologiques model version 6 (CNRM-
CM6-1) climate model with 2.5 min spatial resolution
was used. Receiver operating curve analysis (ROC) was
determined for determining the model quality of MaxEnt
models, whereas receiver operating characteristic area
under curve (AUC) that is widely preferred was used in
comparing the performances of species distribution mod-
els (Lobo et al. 2008; Babar et al. 2012; Wang et al. 2017;
Chang et al. 2020). While ROC draws the false-positive
fraction and sensitivity values for all the existing prob-
ability thresholds, AUC allows measurement of the perfor-
mance of a single model independently from a selection of

@ Springer



640

T.Varol etal.

specific thresholds. The accuracy classification for AUC is
as follows: 1 > excellent > 0.9 > good > 0.8> intermedi-
ate > 0.7 > weak > 0.6 > failed (Tsai et al. 2012; Wingert
et al. 2016). The final consensus map for the present plus
the expected future explanatory variables downloaded
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from WorldClim v2.1 project were the base for building
the scenario maps along the twenty-first century—reclassi-
fied in ten intervals by means of ArcGIS 10.5 (Varol et al.
2021). In both time intervals, the intermediate (SSPs 245-
4.5 W/m?) and most extreme (SSPs 585- 8.5 W/m?) having
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different radioactive strains in year 2100 (Burgess et al.
2020) were selected and SSPs (Shared Socioeconomic
Pathways) were performed. Each of SSPs was run for four
different periods as 2021-2040, 2041-2060, 2061-2080,
and 2081-2100.

3 Results

3.1 Potential habitat suitability of Anatolian
boxwood and variables contribution

Together with high estimation performances calculated
to be 0.901 (AUC>0.5) for training data and to be 0.816
(AUC>0.5) for test data in ROC curve of models, the con-
tributions of variables used in determining the habitats that
are suitable for Buxus sempervirens L. are shown in Fig. 2.
The results of the jackknife test showed that the variable
with the highest level of contribution to the distribution
of species was the altitude having importance higher than
50%. Following the altitude, the highest mean contributions
(>20%) were expressed by environmental variables of Min
Temperature of Coldest Month (Bio6), Mean Temperature
of Coldest Quarter (Biol1), and Annual Mean Temperature
(Biol). For the test data, the environmental variable individ-
ually showing the highest contribution to the distribution of
species was the altitude (59.2%). Considering the SSPs245
and SSPs 585 scenarios for the year 2100, besides the alti-
tude, the variables to show the highest contribution were
found to be Biol4 (Precipitation of Driest Month), Biol7
(Precipitation of Driest Quarter), and Biol8 (Precipitation
of Warmest Quarter) (Table 1). These results revealed that,
as the temperatures increase, the species would be affected
significantly by the precipitation regime. While the global
warming values increased from 4.5 to 8.5 W/mz, no change
was observed in the contribution of Biol4 to the model,
whereas the contribution of Biol18 decreased as the contri-
bution of Biol7 increased.

The curves of the responses of four variables to the habi-
tat suitability of Buxus sempervirens L are shown in Fig. 2.
Given the probabilities of temperature variables, it can be

Table 1 Average contribution and permutation importance of the
environmental variables for SSPs245 and SSPs585

Variables Contribution percentage Permutation importance
SSPs245 SSPs 585 SSPs245 SSPs 585
Biol4 4.5 43 4.6 3.1
Biol7 3.0 8.9 7.3 249
Biol8 8.1 0.1 13.8 0.3
Altitude 56.3 58.6 36.8 35.6

stated that Buxus sempervirens L. will show higher rates of
distribution with a mean annual temperature range of (Biol)
16.0-22.0 °C, Bio6 range of 5.0-14.5 °C, and Biol1 range
of 9.0-17.0 °C. Having the optimal altitude of 0-550 m in
Turkey, Anatolian boxwood shows its highest distribution
possibility at the altitude range of 0-350 m, but it can find
suitable habitats up to the altitude level of 2000 m. This wide
range of altitude might result in an expansion of suitable
habitat, which will shrink before 2060, until the year 2100
(Table 2). Hence, it can be understood that global warming
will cause an expansion in optimal distribution altitude of
this species that is vulnerable to frost, suitable for a warm
climate, and growing under shadow (Akkemik 2018).
According to the response curves illustrating the relation-
ships between environmental factors and species’ existences
(Abolmaali et al. 2018), Buxus sempervirens L. prefers the
habitats with absolute and local maximum values of >10
mm for the mean precipitation of driest month (Biol4), >
50mm for the mean value of driest quarter (Biol7), and > 50
mm of the precipitation of warmest quarter (Biol8) (Fig. 2g,
h, 1).

3.2 Potential future distribution of Buxus
sempervirens L.

The model results of future (2040, 2060, 2080, and 2100)
projections of Buxus sempervirens L. are illustrated in Fig. 3
according to the SSPs245 and SSPs 585 scenarios.

Examining the maps showing the potential future distri-
bution of Buxus sempervirens L., it is estimated according
to the SSPs 245 scenario for the year 2100 that there will
be shrinkages in distribution areas of Buxus sempervirens
L. in Northeastern Anatolia and Mersin-Hatay region of
Southern Anatolia and the pressure of global climate change
will be felt more by the populations in these regions. In the
Marmara region, a general decrease until 2080 and then an
increase are projected. It is thought that, in this process, the
distribution areas in Eastern Anatolia region that are cur-
rently at a limited level will completely be extinct. Accord-
ing to the SSPs 585 scenario, the distribution areas of this
species in Eastern Anatolia will significantly shrink towards
the year 2100 and the distribution of this species will stop
at various points, and there will be significant losses in the
Central Anatolia region. Partial increases are projected for
Thrace and Aegean regions.

Comparing the potential distribution and the climate map
projected for the period 2041-2060 under both intermediate
and the most extreme scenarios, it was determined that the
habitat suitable for Anatolian Boxwood will decline (Fig. 3
and Table 2).

Having current potential distribution area of 7.581.893
ha, Buxus sempervirens L. will have suitable distribu-
tion area of 7.899.044 ha in 2040, 7.453.050 ha in 2060,
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Table 2 Areal and proportional

| Models  Potential distribution (current) Years
changes according to model
2040 2060 2080 2100
SSPs245  7.581.893 ha 7.899.044 ha 7.453.050 ha 7.788.372ha  7.652.922 ha
(100%) (104,18%) (98,30%) (102,72%) (100,94%)
SSPs585 7.122.685ha  7.139.203ha  7.383.674ha  7.889.133 ha
(93,94%) (94,16%) (97,39%) (104,05%)
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Fig.3 Current distribution of Buxus sempervirens L in Turkey according to the modeling results for SSPs245 and SSPs585
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7.788.372 ha in 2080, and 7.652.922 ha in 2100 accord-
ing to SSPs 245 model. According to SSPs 585 model, it
was calculated that the species will have a suitable distri-
bution area of 7.122.685 ha in year 2040, 7.139.203 ha in
year 2060, 7.383.674 ha in year 2080, and 7.889.133 ha in
year 2100. Hence, in case of the increase of global warming
from 4.5 W/m? to 8.5 W/m2, it is estimated that non-suitable
distribution area of Anatolian boxwood will incline by 9.8%,
4.2%, and 5.2% in years 2040, 2060, and 2080, respectively,
whereas approx. 3% increase is projected for the suitable
habitat areas.

4 Discussions

The results of this study show that, as a result of climate
change, significant changes will occur in the potential dis-
tribution areas of Anatolian boxwood. These changes will
occur in form of a general decrease in 2040-2060 first. The
studies carried out to date reported that significant changes
will occur in the natural distribution areas of species under
the effects of global climate change, and these changes will
generally occur in the form of shrinkages in distribution
areas. It was determined that the populations of Fagus syl-
vatica L. and Picea abies (L.) Karst. in Europe will sig-
nificantly decrease due to climate change (Hanewinkel et al.
2013; Ruiz-Labourdette et al. 2013; Eurostat 2018) and the
decrease in potential distribution area of F. sylvatica might
reach 56% (Thurm et al. 2018). Gomez-Pineda et al. (2020)
reported that, in Mexico, the loss of habitat might reach
46-77% for different species in mountainous areas until and
the species to be affected at most will be Pinus hartwegii and
Abies religiosa. Ning et al. (2021) estimated that the suitable
habitat of Pinus armandii in China’s Hengduan Mountains
will slowly disappear. Taylor Aiken et al. (2017) stated that
the fundamental tree species in the forests of Acadian region
of Canada have difficulty in maintaining their lives and exist-
ence and, thus, they will start losing their “boreal” charac-
ter. According to different RCP scenarios, Li et al. (2020)
Reported that 23-57% of the trees in China will become
vulnerable or be at risk within the scope of universal migra-
tion until 2070 and the species migrating from dry zones
and monsoon regions will be subjected to a higher level of
species loss when compared to Alpine regions under climate
change. It was found that, in this process, certain species
are under the risk of extinction and, even in the most con-
servative case (RCP2.6), 18% of trees will be defenseless or
under threat. There also are studies emphasizing that global
climate change will significantly influence not only the natu-
ral forests but also the plantation areas (Quinto et al. 2021).

The results of the present study revealed that, in Turkey,
the potential distribution area of Buxus sempervirens L. in
year 2100 will be 1-4% higher in comparison to the current

situation. It might seem positive for the species at the first
glance but, considering the fact that the potential distribution
area of the species will shrink in the period 2040-2060, it
can be seen that it will be difficult for the new species to set-
tle in the suitable distribution areas and human help will be
needed for growing the species in these areas. Similar results
were obtained in studies carried out on different tree spe-
cies, and it was recommended to transfer the species to new
suitable distribution areas by humans. Hirata et al. (2017)
emphasized that according to RCP 8.5 scenario, potential
distribution areas of pine species may increase by 50% in
2070s. It was determined by Lopez-Tirado et al. (2021) that
potential distribution areas of Cedrus libani will signifi-
cantly expand. Using the future climate scenarios, Ouyang
et al. (2021) estimated that the most suitable distribution
areas for Eucalyptus grandis are expected to increase until
2070s, that the suitable distribution areas in Sichuan Basin
will expand towards lower altitudes to south, and that the
suitable areas in China’s southeastern hills will shift to the
areas with high sun radiation and lower seasonal tempera-
ture changes. Gomez-Pineda et al. (2020) determined that,
in Mexico, the suitable distribution areas of Pinus oocarpa
will significantly expand at low altitudes, but the coniferous
trees will need human help in migrating to higher altitudes
in order to compensate the populations with climates that
they have adapted to. The authors also stated that the con-
ventional on-site protection measurements are largely equal
to the inaction and, thus, they cannot protect the current
forest compositions. Hence, it can be concluded that Buxus
sempervirens L., which might show distribution at altitudes
higher than 550 m in the future, will need human help. It
was reported that, in forestry practices, climate change might
cause significant losses in current Abies religiosa forests in
Canada if the assisted migration management system is not
involved in the forestation programs (Gomez-Pineda et al.
2021). Hence, in order for the forests to be subjected to
minimum damage during the global climate change process,
detailed studies should be carried out on this subject and the
migration mechanism, which the plants having no effective
migration mechanism that can adapt to the global climate
change will need, should be provided by humans.

Besides that, the severity and processes of the effects of
climate change on species will significantly vary and the
stress factors that the climate change will create on the tree
species might also remarkably differ. Within the scope of
this study, it was determined that the environmental vari-
ables influencing the distribution of Buxus sempervirens
L. at most were altitude, Minimum Temperature of Coldest
Month, Mean Temperature of Coldest Quarter, Annual Mean
Temperature, Precipitation of Driest Month, Precipitation of
Driest Quarter, and Precipitation of Warmest Quarter. These
factors might have different levels of effects on each species.
Ouyang et al. (2021) stated that the dominant ecological
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factors influencing the distribution of Eucalyptus grandis
were sun radiation, altitude, seasonal temperature and pre-
cipitation change, maximum temperature of the warmest
month, annual mean temperature, slope, isothermality,
current water content of soil, the driest quarter, and mean
daily temperature range. Varol et al. (2021) specified the
three environmental variables influencing the distribution
of Fraxinus excelsior L. at most were precipitation in dri-
est month, precipitation in driest quarter, and precipitation
in warmest quarter. Bouchard et al. (2020) determined that
the tree species in eastern Canada will be vulnerable mainly
to the estimated temperature increases, whereas the forests
in western Canada will be more affected by the droughts.
Accordingly, it can be stated that the effects of global cli-
mate change will vary between the regions (Taylor Aiken
et al. 2017). The different effects of global climate change
process on the forests suggest that the silvicultural interven-
tions that species need will also vary, which silvicultural
interventions will offer the highest level of benefit will vary
depending on the ecologic context of the forest and the adap-
tation capability of the species (Webster et al. 2018). Hence,
the existing forestry plans and silvicultural practices should
be analyzed, and they should be re-designed considering the
effects of global climate change (Vila-Cabrera et al. 2018).
The fact that the species will be affected by the stress
factors, which will arise during the global climate change
process, at different levels, depends largely on their genetic
structure (Diaz et al. 2021) because all the phenotypic char-
acters of organisms are shaped by the mutual interaction
between genetic structure and environmental conditions
(Cesur et al. 2021) and it is known that the species with
different genetic structures and even a single species’ ori-
gins having different genetic structures have different lev-
els of reactions to environmental stress factors (Sevik et al.
2020; Ozel et al. 2021). The previous studies showed that
global climate change resulted in rapid genetic, epigenetic,
and metabolomic changes in plants. This process causes
changes in morphology, physiology, reproduction, and
death rates, and certain species become more vulnerable to
these changes in comparison to the other species. As a reac-
tion to climate change, many other adverse effects such as a
decrease in CO, absorption in case of an increase in emis-
sions of biogenic volatile organic compounds or increas-
ing risk of fire or during drought periods were observed. It
was revealed that the projected increase in heavy rains will
cause uncertain changes in food cycles, soil fertility, and
food flows in mid- and long-term (Pefiuelas et al. 2018).
Thus, the effects of this process on the species depend on
the indirect results of global climate change, as well its direct
effects. It was concluded in the previous studies that climate
change will directly affect the forest tree species and pose
a secondary threat by influencing the distribution of certain
insects and fungi; for these reasons, the pure forests in several
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regions might face the risk of extinction in the future (Iverson
et al. 2016; Oberle et al. 2018; Toczydlowski et al. 2020).
Besides that, the factors such as changes in water and food
availability and the loss of soil due to leakage and erosion
depending on the changes in precipitation regime (Pefiuelas
et al. 2018), geographic obstacles, anthropogenic effects (such
as the change of agricultural and pasture areas) or competitive
species might cause important changes in the distribution of
species (Akyol and Oriicii 2019; Varol et al. 2021).

Global climate change will affect the species not only
from the spatial aspect but also in terms of health, quality,
and development (Daniel et al. 2017). In a study carried out
on Chukrasia tabularis, Toona ciliata, and Lagerstroemia
speciosa in Bangladesh, it was determined for all three spe-
cies that the radial tree growth will decrease by 20% accord-
ing to RCP 8.5 scenario and by 11.3% and 9% according to
RCP 6.0 and RCP 4.5 scenarios. It was emphasized that this
might have significant effects especially on the carbon bal-
ance of tropical forests (Rahman et al. 2018).

5 Conclusions

In order to ensure the minimum effect on species by the
global climate change, it is necessary to estimate the pos-
sible future changes and to take measures in parallel with
the potential changes. For instance, in the areas that will
be affected more by climate change, it might be recom-
mended to establish mixed forests with the species that can
better adapt to both current and future conditions. Thus,
even if the species losses will occur, the continuity of for-
est can be ensured. Moreover, there also is an advantage
that the mixed forests are more resistant to many factors.
The resistance of species to external factors remarkably
varies depending on the intraspecific genetic diversity.
Genetic diversity is one of the most important defense
mechanisms against the potential future threats that cannot
be predicted today. Hence, maximum attention should be
paid to protecting the genetic diversity in forests.

In conclusion, it was determined for the areas that are
suitable for the distribution of Buxus sempervirens L. that
there may be decreases up to 6% in the period of 2040-2060,
but the potential distribution area might be 1-4% larger in
2100 in comparison to the current area. Given these results,
it can be stated that human help will be needed for ensur-
ing the adaptation of species to the future changes in their
distribution areas. Hence, the pluralist plans should be pre-
pared that will ensure the continuity of forests by consider-
ing the changes that might occur in distribution areas of
other species. Moreover, it is deemed necessary to warrant
the seed sources and re-determine the seed transfer zones
and consider them in forestation projects in order to mini-
mize the negative effects of global climate change process.
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