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Abstract

The Pleistocene is an important period for assessing the effects of climate change on biological diversity.
In the beginning of this period, many tree species disappeared in the flora of Europe, with ongoing, but smaller
losses later, and many tree species exhibiting repeated strong range shifts mostly at the end of the period. It is
thought that some areas will be more affected from possible climate change. The Mediterranean Basin is the most
important among the mentioned sensitive areas. Species with scattered, relict populations in the region would be
more affected by future climate change. One such species is Taxus baccata. Taxus baccata, which is distributed
throughout the temperate zones of Northern hemisphere, is the only species of Taxus to be naturally distributed in
Turkey. Apart from its general dispersal area in the north of Turkey, Taxus baccata is seen in small groups in
protected local areas in southern Anatolia.

The aim of this study is to determine the potential effects of past and future climate change on the
distribution of Taxus baccata in Bolkar Mountains, using species distribution modelling. We studied how the
potential distribution has been affected by the Last Glacial Maximum (LGM) climate and the subsequent climate
shift to the present, and it can be expected to be affected by future climate change, as represented by a range of
future climate change scenarios. For this purpose, Maxent is used for determining the distribution of Taxus
baccata. Our Maxent model results show that the AUC values are calculated as 0,85 and 0,80 in sequence.

Our results show that the Taxus baccata would have found suitable conditions in the Bolkar Mountains
area even during the LGM, pointing to this as an important refuge area. With also find that the potential distribution
in Kadincik Valley (on the southern slope of Bolkar Mountains) of Taxus baccata has been reduced with the shift
to a Holocene climate, and the distribution in Taurus Mountains is likely diminish even further under future climate
change.

Our results show that Taxus baccata is a cool-climate relict in southern Turkey and that its distribution is
likely to come under further pressure from future climate change. This situation is likely shared with many other
temperate plant species persisting with small populations in mountain areas in the region.

Key words: Climate change, Species Distribution Model, Taxus baccata, Bolkar Mountains, Central Taurus
Mountains, Turkey
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Introduction

The distribution of plant species is sensitive to climate change. Paleobotanical and genetic studies show
that there is a close relationship between climate change and changes in the physiological, genetic,
spatial properties of plant populations and the species composition of plant communities (Medail and
Diadema, 2009). When the climate conditions change, plants either migrate or adapt to the changing
conditions, or, else, go extinct (Aitken et al., 2008; Ackerly et al., 2010; EEA, 2004). Mediterranean
basin, our research area, is also included among these hotspots. Mediterranean basin is one of the
significant centers in terms of plant diversity and endemism. This area is one of the refuges in
Pleistocene for the pre-Quaternary flora of Europe (Biltekin et. al., 2017; Hewitt, 1996; Magri et al.,
2017; Medail and Diadema, 2009; Martinetto et al., 2017). Therefore, these refuges will be most affected
from possible climate changes in the future.

It can be stated that the ongoing climate changes have an effect on today’s vegetation distribution.
Glacial and interglacial periods in Pleistocene led to significant changes in the distribution of plant
communities (Avci, 2014). Glacial period in Pleistocene caused the extinction of the species that were
intolerant to low temperatures (Eiserhardt et al., 2015; Svenning, 2003). Most of these extinctions
happened in the beginning of Pleistocene (Biltekin et.al, 2015; Magri et. al, 2013; Martinetto, 2017).
Some species in European tree flora migrated in the last period of Pleistocene (Mayol et al., 2015;
Svenning et al., 2008). In this period, many nemoral tree species (Fagus, Carpinus, some Quercus
species, Tilia and Taxus baccata etc.) which required relatively higher temperature was affected by the
climate changes and they survived in refuges on the mountainsides stretching out east-west direction on
The Pyrenees, The Alps, Iberian Peninsula and in Caucasus, Turkey, Italy (Svenning, et al., 2008;
Hewitt, 1999). This condition was also been supported by the phylogeographic studies (i.e. genetic
differentiation of population of nemoral species around Mediterranean and different genetic variability
of the communities in the refuges of Last Glacial Maximum (LGM) within Mediterranean Basin). It
became a refuge for plants in the areas of middle height in Mediterranean, which needed warmth in the
Last Glacial Maximum (Svenning, et al., 2008). With temperature rise and retreat of glaciers with the
transition to the Holocene, plant and animal species extended their areas to the north (Hewitt, 1999). In
this period, some species which came out of refuges either hybridized or differentiated genetically (Avet,
2011; Parker and Markwith, 2007).

The climate changes in the Quaternary led to significant changes in the sea levels, glaciers, fluvial
systems in Turkey (Dogan, 2012; Kayan, 2012; Sarikaya, 2012). All these changes also affected the
dispersal area of some plants. They extended the dispersal areas of some plants while they narrowed the
areas of some others. With the topographical conditions, the higher parts of the mountains, glacial
valleys and depressions in Anatolia acted as a refuge for the species which were affected by the climate
changes in the Pleistocene (Avci, 2005-2011-2014). Glaciers in the Eastern Black Sea, the Central and
Southeastern Taurus stretched out to a larger area especially during the Last Glacial Maximum (Turoglu,
2011). The glaciers in the Bolkar Mountains reached their maximum size at 18.9 + 3.3 ka. In this
situation the length of the glaciers from the cirque is estimated to have reached 5.5 km. (Sarikaya and
Ciner, 2015).In this period, forest line levelled down more than today’s forest line. Refuging on
mountains, inner parts of valleys or around lakes, the species survived in isolated areas by varying during
Last Glacial Maximum. The plants in the protected areas in Turkey which were on the migration corridor
in Pleistocene constitute the significant amount of relict plants in Anatolia. The dispersal area of plant
communities has changed with the changes in the climate after Last Glacial Maximum. In Holocene, the
shrinking glaciers maintained its existence in the higher sections of the Bolkar Mountain. In the research
area, current glaciers are gradually shrunk and covered with debris. (Sarikaya and Ciner, 2015). While
snowline was 2650 meters in Last Glacial Maximum, present snowline is 3450-3700 meters in Bolkar
Mountains (Ciner and Sarikaya, 2015). With the retreat of glaciers, forest line levelled up and plant
communities extended their dispersal areas vertically (Avci, 2005-2011-2014).
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Many plant and animal species will be unable to adapt locally or move fast enough to track suitable
climates. With the effect of climate change or other stress factors, many species will face the extinction
in the future or during climate change (IPCC, 2014).

Some species (e.g. Cedrus libani, Juniperus drupacea) have limited, scattered distribution areas in
Mediterranean Basin, one of the most sensitive areas in terms of possible climate change. Climate
change causes changes in the frequency, intensity, area distribution and timing of extreme weather and
climate events. The frequency of heavy precipitation events has increased over most areas. From 1900
to 2005, precipitation increased significantly in the Mediterranean (IPCC,2007).

The Bolkar Mountains in the Mediterranean Basin are rich in plant diversity and reflect the changing
processes well. The investigative site, biodiversity conservation area, is an important part of the habitats
of endangered species. The forests that are distributed outside the local climatic zones, which emerged
as a result of topography in the Bolkar Mountains, are all dry forests. But the changes in the climate
conditions between the northern and southern parts of the Bolkar Mountains have caused some changes
in the main species in the dry forest areas. Inside the valley there are relatively more species of
hygrophilous such as Taxus baccata.

Based on the mentioned reasons, by taking the different climate change scenarios into consideration, we
have studied the state of temperate, relatively moisture-demanding European yew (Taxus baccata),
which survives in the protected places on the Bolkar Mountains, in the Last Glacial Maximum and its
future distribution area in our research. In this context, we tried find answers to these following
questions:

- How was the potential distribution of Taxus baccata on the Bolkar Mountains in the Last Glacial
Maximum? Did this area have potential to act as a glacial refuge for the species?

- How is the potential distribution of Taxus baccata today? Can the species already today be considered
a climate relict species in the region?

- How will be the distribution of Taxus baccata in the future? Notably, will the species come under
future climate stress?

Study area
The southern slopes of Bolkar Mountains, stretching roughly in the line of NE-SW, are under the effect
of Mediterranean climate. Precipitation and temperature properties change as the altitude changes on
the mountains. In Mersin station in 7 m altitude, the mean annual temperature is 28.0 °C, mean annual
precipitation is 589.1 mm while in 2000 m altitude, temperature is 18.0 °C, and precipitation is around
1627.5 mm. In Tarsus meteorology station in 12 m altitude, the temperature is 27.1 °C and precipitation
is 610.8 mm. As the altitude increases, temperature lowers to around 17.0 °C in 2000 m, precipitation
levels up to around 1675.5 mm. Northern slopes on Bolkar Mountains is different from southern slopes.
Since these areas are open to the north, they are more under the effect of continental climate. The
temperature and rainfall properties on Bolkar Mountains change within short distances.

The vegetation on Bolkar Mountains consists of 3 groups: forest, shrub and alpine formations.
Dried forests constitute the forest formation in the research area. Dried forests in the southern part of
the area generally consist of tree species like Pinus brutia, P. nigra, Abies cilicica subsp. cilicica,
Juniperus drupacea and Cedrus libani, in the northern part they consist of P. nigra, J. excelsa, Quercus
pubescens and Q. ithaburensis subsp. macrolepis. Shrub formation arising from forest destruction is
usually represented by maquis. Alpine plants start approximately from 2100 m and they are also very
rich in plant species such as Astragalus sp., Acantholimon sp., Ononis sp., Marrubium sp., Onasma sp.,
Eryngium sp..
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Figure 1. Location map of Bolkar Mountains

Apart from the general distribution, deep valleys in Bolkar Mountains are also rich in terms of
flora and they are in contradiction with its environment. The existence of Taxus baccata in the deep
Kadincik Valley on the southern slope of Bolkar Mountains is quite remarkable. Developing in a
protected area because of topographic conditions, Taxus baccata which is a nemoral tree species due to
the local climatic conditions had the opportunity to thrive. In this area, other main hygrophilous species
that accompany Taxus baccata are Carpinus orientalis, Salix alba, Salix caprea, Ostrya carpinifolia,
Fraxinus ornus subsp. cilicica, Alnus glutinosa, Ulmus glabra subsp. montana and Juglans regia.

2. Materials and Methods
2.1. Study species

Taxus L. is naturally represented by 10 species in the Eastern Asia, North Africa, Anatolia,
Europe and North America. Taxus baccata is evergreen conifer species that is distributed in Central and
Southern Europe, Northwestern Africa, Northern Iran and Southwest Asia. Distributed mostly in
temperate zones of Northern hemisphere, Taxus baccata is the only species of Taxus to be naturally
distributed in Turkey. Its largest distribution area in Turkey is Black Sea Region (Coode and Cullen,
1965; Farjon and Filer, 2013).

Older members of this species is usually found between 300-1500 m a.s.l of the forest areas in Northern
Turkey. Found alone or in small groups in the mentioned areas, Taxus baccata is shade-adapted,
sensitive to low temperatures and frost. Apart from its general distribution area in the North of Turkey,
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Taxus baccata is seen in small groups on the Sultan Mountains, Denizli Bozdag, the Amanos Mountains
and the Bolkar Mountains (Coode and Cullen, 1965). Distributing sporadically in different regions
besides these areas, Taxus baccata is seen occasionally in the protected areas in the upper course of
Kadincik Stream Valley on the research area, Bolkar Mountains.

2.2.Species Distribution Data

In addition to the survey of the distribution data of Taxus baccata in Europe, their distribution areas
in Turkey, surveys and Flora of Turkey and the East Aegean Islands (Davis, 1965-1985; Davis et al.,
1988; Giiner et al., 2008; Ozhatay and Kultiir, 2006; Ozhatay et al., 1999-2009-2011) and herbarium
samples (34 registries) are supplied by scanning from the database (729 registries) of Atlas Florae
Europaeae (AFE), Global Biodiversity Information Facility (GBIF). AFE 50x50 km grid system based
on Universal Transverse Mercator (UTM) and the Military Grid Reference (MGRS) is used for absolute
data for distribution projections of Taxus baccata (Luomus, 2017) (Figure 2)
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Figure 2. Occurrence data distribution map for Taxus baccata

In order to interpret the past and future distribution patterns of Taxus baccata in our research area,
this species distribution around Bolkar Mountains in these periods should be examined. Therefore,
smaller scaled distribution patterns that show Turkey and its surroundings are produced. However, only
the distributions of it on Bolkar Mountains are crucial for this research.

2.3. Climate Data

CMIPS5 is used for past and future climate data in the species distribution models. (MIROC ESM
Model for Interdisciplinary Research on Climate) which has been produced for RCP (Representative
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Concentration Pathways) 8,5 scenario, and CCSM4 (Community Climate System Model is used in the
model. The data produced by CCSM4 and MIROC ESM are compared and it has been decided that the
models produced by CSSM4 is appropriate for this study.

In order to put forth the present situation, the data produced by interpolating the data of weather stations
in different parts of the world (Hijmans et al. 2005).

The data related to the applied models are 2,5 arc-minute/~5 km resolution for Last Glacial

Maximum, 30 arc-second/~1 km resolution for future. Data that involves today’s conditions are 30 arc-
second/~1 km resolution.
19 climate variables supplied from the WorldClim database are used for species distribution models
(Table 1). Modeling is done for all the areas where Taxus baccata shows and clips our study area from
inside. For this reason, we think it would be appropriate to use 19 variables. Relevant climate variables
represent the climate conditions of today (between 1950-2000), Last Glacial Maximum (~22,000 year
ago) and future (between ~2061-2080).

Table 1. Bioclimatic variables and their explanations

Bioclimatic Explanation
Variable
BIO1 Annual Mean Temperature
BIO2 Mean Diurnal Range

(Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (* 100)
B1O4 Temperature Segsonality

(standard deviation *100)
B105 Max Temperature of Warmest Month
BIO6 Min Temperature of Coldest Month
BIO7 Temperature Annual Range (BIO5-BI0O6)
BIO8 Mean Temperature of Wettest Quarter
BIO9 Mean Temperature of Driest Quarter
BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter

BI1O12 Annual Precipitation

B1013 Precipitation of Wettest Month
BlIO14 Precipitation of Driest Month
BIO15 Precipitation Seasonality

BIO16 Precipitation of Wettest Quarter
BI1O17 Precipitation of Driest Quarter
BI1O18 Precipitation of Warmest Quarter
BI1019 Precipitation of Coldest Quarter

Species Distribution Modelling

Maxent 3,3,3 Maximum Entropy Modelling of Species has been used in order to predict how Taxus
baccata distributed in the areas in the past and how it will be distributed in the future. Maxent has been
designed to make predictions on incomplete data (Phillips et. al, 2006). The model was run more than
once for species with its “replicate” feature and “cross-validation” is used in the produced species
distribution model. It is stated that this cross validation method shows correct results in small data sets
since it is used for data verification (Beton, 2011). Therefore, 15 replicates are used in this research, 500
iterations has been done for each replicate. In the study, the potential dispersal areas of Taxus baccata
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in the past, future and at present are estimated and projected by Maxent model, using today’s climate
data.

The performance of the produced species distribution model was tested by ROC (Receiver
Operating Characteristic) analyses, using the AUC (Area Under the ROC Curve) metric to describe the
model’s discriminatory capacity (Phillips et al., 2006). The closer AUC test value is to 1, the better the
distinction is, model is sensitive and descriptive (Oliveria et al., 2010). The models with AUC test value
between 0.75-1.00 can considered to have high predictive power. Values about 0.5 show that the model
is not sensitive and it is not sufficient in descriptiveness better than a random draw (Elith, 2002; Phillips
and Dudik, 2008).

One of the methods we use while investigating the contributions of variables in the model output is
jack-knife. According to this method, each variable included in the model is left out in each repetition
and remaining ones are evaluated. After that all variables are included in the analysis and the model is
run and evaluations are carried out (Pearson et al., 2007). Therefore, the contribution of each variable
to the model is defined. In other words, the lower the total gets when one variable is left out, the more
significant the left-out variable is.

Results
Climatic forcing in the Species Distribution Model

Maxent models with adequate predictive power were applied to past, present, and future climate data to
assess the potential distribution of Taxus baccata in these periods.

Predicted possible distribution map of the species distribution model which are carried out with
Maxent for Taxus baccata, showed better results than random prediction. ROC curve charts show us
that compatible models are produced (Figure 3).

ROC is formed to test the model and accordingly, for model test and training data, AUC values
are calculated as 0,85 and 0,80 in sequence and standard deviation is calculated as 0.014. That AUC test
values are close to 1 and standard deviation is low shows that both models are successful

The percentage contribution to dispersal pattern obtained from the model result of used 19
bioclimatic parameters is included in the model output. Accordingly, BIO4 has contributed %53,8, BIO
7 %13,9 BIO6 %7,7.

Among the contributions of 19 variables to the model, it is seen that BIO4, one of the most
effective variables in the model output according to the jackknife analysis of the Maxent model, has
contributed to the model the most when the variables evaluated relatively. When the jackknife analysis
is evaluated alone, the contribution of the other variables (B1O7, BIO11, BIO6) that contribute to the
model increase along with BIO4 (Figure 4).
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3.2 Potential Taxus baccata Distributions during the Last Glacial Maximum, Current and Future

Considering the potential distribution of Taxus baccata during the Last Glacial Maximum,
especially the northern Anatolian coasts had the suitable conditions for Taxus baccata (Figure 5). These
suitable areas stretch out to the east of Colchic area, and encircle the Marmara Sea from the coasts of
Black Sea to the west. They further extend from the southern coasts of the Marmara Sea to the Kaz
Mountains in the west. Taxus baccata range to the Taurus Mountains by the mountainside corridor in
the inner parts of Anatolia. Inner parts of the protected valleys of the mountain areas in southern Anatolia
also had suitable conditions for Taxus baccata during Last Glacial Maximum, including the Bolkar and
Amanos Mountains (Figure 5), which hence may have functioned as glacial refuge regions.

Compared to the Last Glacial Maximum potential distribution in the area, the current potential
distribution is increased in northern and western Turkey, but reduced in the south-eastern part (Figure
5), suggesting that populations here can be considered climatic relicts. However, current suitability in
the Bolkar Mountains is much larger than during the LGM (Figure 6).

Under future climate change, as represented by the CCSM scenario, Taxus baccata will lose major
part of its suitable distribution area in the south of Anatolia (Figure 5) as well as in the Bolkar Mountains
specifically (Figure 6).

Discussion and Conclusions

The Quaternary is the period in which are of suitable climatic conditions for temperate vegetation
was limited in Turkey and significant floristic changes happened vegetation zones moved down
vertically a few hundred meters in glacial periods, it moved up a few hundreds in interglacial period.
The last one of the mentioned climate changes happened in Last Glacial Maximum. Glaciers which
cover larger areas in Last Glacial Maximum on the higher parts of Bolkar Mountains and permanent
snowline which was lower than today’s lowered the forest line. Changing conditions after this period
caused changes in the dispersal area of plant communities. Vegetation zones moved up vertically due to
the withdrawal of glaciers and the rise of permanent snowline. In sum, the species that need warmer
temperatures can move away from any area or totally disappear in the cold climate following a warmer
one after the possible climate change. Instead, plants that are more tolerant to cold climates take place.
If the area is mountainous, heat-tolerant plants take shelter in inner parts of valleys and to the southern
slopes.

Although dry forests are dominant in our research area, the species which needs respectively
more humidity such as Taxus baccata, Ostrya carpinifolia, Carpinus orientalis, Corylus avellena,
Cornus sanguinea are seen in the inner parts of Kadincik Valley which is a protected area. Both climate
and morphological features of the land are quite effective on plant diversity on the area.

The questions need to be answered in our research are: What are the changes in the dispersal area
of Taxus baccata in Last Glacial Maximum, today and in the future?

Applied ENM (Ecological Niche Modelling) Assessment: While assessing the obtained results of
Maxent, it must not be ignored that the modelling is based on the prediction and it is not accurate. The
statistical validity of results obtained by Maxent method is carried out by tests along with model
analysis. Within the scope of statistical try-outs, modellings have given meaningful results.

Distribution of Taxus baccata: As the distribution pattern of Last Glacial Maximum is examined, it
is necessary to mention the past possible distribution of Taxus baccata. When LGM model is analyzed;
it is observed that there are suitable conditions for this species to disperse on Bolkar Mountains in this
period. According to the species distribution models carried out for Taxus baccata, a tree species
belonging to Europe-Siberia flora region, likely shifted to Mediterranean in Last Glacial Maximum and
after with the temperature rise, it shifted to the northern latitudes. Also some modeling studies
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Figure 5. The Last Glacial Maximum, today and approximately 2080 distribution of Taxus baccata around Turkey
and surroundings
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about hygrophilous species show similar results with Taxus baccata in Anatolia (Dyderski et al., 2017).
Paleoecological research based on plant macrofossils and pollen fossils revealed the distribution of
Taxus baccata in the Mediterranean basin with the rise in the rainfall in the Paleogene (Sadori et al.,
2004; Drescher-Schneider et al., 2007) Paleogeographic studies support the idea that there were more
refuge in the Mediterranean and Black sea regions for nemoral tree species in Last Glacial Maximum
(Leroy & Arpe 2007). In the pollen analysis carried out in the marsh lands of Akgél (in Eregli-in the
north of Bolkar Mountains), younger Dryas climate has been observed. In pollen diagrams, some
sporadic species that are sensitive to relatively low temperatures like Betula has been seen today around
the research area. In Late Quaternary, high pollen count pertaining to broad leaved tree species like
Fraxinus ornus and Quercus are seen clearly in another pollen study done around Beysehir Lake (in
North West of Bolkar Mountains) close to our research area (Bottema & Woldring, 1984; van Zeist et
al., 1975; Bottema & Woldring, 2001-2002). Considering today’s distribution of Taxus baccata on
Bolkar Mountains, it is thought that the distribution of this species is possible during LGM.

In our research area, Taxus baccata survives in microclimate areas that will constitute a refuge in the
area. Taking the above mentioned conditions into consideration, it is considered that today’s distribution
of the species has taken its shape with the effect of last glacial period (Figure 5). As a conclusion,
migration corridor in LGM is not constituted by the Anatolian Diagonal between Central and Eastern
Anatolia for Taxus baccata dispersing on the mountainsides in the south of Anatolia. In other words,
“migration corridor” for Taxus baccata in Anatolia is composed by the mountainsides in the inner parts
of west Anatolia. Relatively high mountains on this corridor (such as Murat Mountain , Yirce Mountain,
the Sultan Mountains and the mountainsides of lakes region) could make step stones in the migration of
Taxus baccata to the south. Ranging to Taseli Plateau, Taxus baccata could have found the opportunity
to disperse to the Bolkars and Amanos Mountains in the east. The microclimatic factor of Kadincik
Valley and its topographical structure have affected the distribution of the species.

Under the climate changes expected, our results suggest that the Bolkar Mounatins will no longer be
a suitable area for the distribution of Taxus baccata. Taxus baccata has already limited distribution in
the research area and in the protected areas inside the valleys that can be a refuge for them. Hence, there
is a high risk that they will become extinct in the region, although it is important to note that remnant
populations or individuals may be able to survive for a long time, for example in microclimatically less
stressful microsites. To limit this risk, it is important to ensure that current occurrences in the region are
adequately protected and not subject to land use pressures, as well as to include the species in
reforestation plans for sites locally or elsewhere in Turkey that are estimated to remain suitable under
the expected future climate change.
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