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Abstract: Distribution of Turkish Quercus L. has a crucial value since Turkey is a transition place between Eu-
rope and Asia and located at the meeting point of three phytogeographical regions. To compare the diversity
of species and to find the distribution patterns of oaks, species richness of the most current distributions were
studied. Relationships of phytogeographical regions and presence of the Anatolian Diagonal relevant to oak
distributions were also investigated. Analyses were performed on Davis’ grid square system. The highest
richness of Quercus species were found at north-western Turkey which were located in the meeting place of
Asia and Europe. The lowest richness scores were found at eastern and south-eastern Anatolia. Moreover, lat-
itude, longitude and altitude histograms showed a correlation with species richness. However, the presence
of Anatolian Diagonal is partially supported.
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Introduction
Turkey is located in a considerably important re-

gion among Balkan, Caucasus, and the Middle-East.
The country is an important transition place between
Europe and Asia. It has been under the influence of
numerous climatic regions and three phytogeogra-
phic regions due to its geomorphologic structure.

The genus Quercus L. belongs to the Fagaceae fam-
ily. Oaks appear frequently as dominant species in the
Mediterranean area of the Northern hemisphere (Ma-
nos et al. 2001). According to Govaerts and Frodin
(1998), an approximate number of 531 species and
natural hybrids compose oaks. The group is consid-
ered to be one of the highest economic value wooden
plants around the world. Quercus is a dominant tree in
central and east Anatolia ( nal 1953; Kayac k 1977).
There are 24 Quercus taxa in Turkey. Twenty-three of
them were reported in Flora of Turkey and East
Aegean Islands (Hedge and Yalt r k 1982) within
three sections; Quercus L., Ilex Loudon., and Cerris

Loudon. Recently, a new taxon, Q. trajona P.B. Webb
subsp. yaltirikii Ziel., Petrova and D. Tomazewski was
added to Cerris section (Zielinski et al. 2006).

Country is composed of Anatolian and Thrace pen-
insulas where the three phytogeographic regions in-
tersects (Davis 1971); Euro-Siberian, Irano-Turanian
and Mediterranean (Fig. 1). Each region contains sub
groups; Irano-Turanian region is divided into Central
Anatolia, East Anatolia and Mesopotamia. Mediterra-
nean region is divided into west Anatolia, Taurus and
Amanus districts. Euro-Siberian region is divided
into Euxine province and Colchic sector. Due to culti-
vation, the type of phytogeography of inland Thrace
could not be determined accurately. According to Da-
vis (1971), this region is “probably Central Euro-
pean/Balkan province of Euro-Siberian region”. How-
ever, the region is included in the Mediterranean re-
gion in Çolak and Rotherham (2006). Beside the
phytogeographic regions, there is another well known
issue; “Anatolian Diagonal” (Fig. 1) which separates
a number of plants and insect species into western
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and eastern Anatolia (Davis 1971; Ekim and Güner
1986; Ç plak and Demirsoy 1991; Ç plak et al.1993).

Distribution of today’s plant vegetation was af-
fected by the climatic conditions at the beginning of
Holocene. About 8,000 years ago, today’s plant zones
occurred in Anatolia (Atalay 1992; 1994; and 1995;
Bottema and Woldring 1984; van Zeist and Bottema
1991). During the last glacial period, coastal plants
such as Pinus sylvestris and Picea sp. which grow in cold
climate in eastern Black Sea gradually moved up. Their
place occupied by the broad leaved forests such as
Quercus and Fagus that are living in the shaded coastal
areas. At the end of the Tertiary and during the Pleisto-
cene, the Hircano-Euxine area was a refuge area for
Zelkova Spach, Pterocarya Kunth, Diospyros L., Albizia
Durazz. and many other species. This area is also con-
sidered to be a differentiation center for some plants
such as Quercus L., Sorbus L. and Acer L. (Zohary 1973).

Turkey was divided into 29 grid-squares geograph-
ically by Davis (1965–1988) – the author of “Flora of
Turkey and East Aegean Islands”. Each grid covers 2° lati-
tude and longitude. Distribution of Quercus taxa is ad-
dressed according to these grids including A1to C10
(Table 1).

In this study, distributions of oak species over grid
squares were analyzed by using GIS and multivariate
analyzing techniques. Grid-wise species richness was
calculated to measure and compare the diversity of
species. Distribution patterns of oaks were explained
by Cluster Analysis and Principal Component Analy-
sis. Relationships among the distribution of taxa ac-
cording to phytogeographical regions of Turkey were
investigated. Latitude, longitude and altitude histo-
grams based on Quercus localities were also used to

analyze their status. Additionally, our expectation
from this study is to provide a ground for further GIS
analysis, exploration and conservation of the Quercus
taxa in Turkey.

Fig. 1. Phytogeographical areas of Turkey after Davis (1971)

Table 1. Quercus sections and their distributions, according
to Flora of Turkey

Species Species Distribution

SECTION QUERCUS L.

Q. pontica C. Koch A8

Q. robur L. A1-2, A4-5, B3-9, C4-5, C9-10

Q. hartwissiana Steven A1-8, B2, B7-8

Q. macranthera Fisch & Mey. ex
Hohen

A3-9, B4-8

Q. frainetto Ten. A1-3, B1-2, C1

Q. petraea Liebl A1-9, B1-3, B6-9, C5-6, C10

Q. vulcanica Kotschy B3, C3-4

Q. infectoria Olivier A1-7, C9-10

Q. pubescens Willd. A1-7, B1-7, C1-5

Q. virgiliana Ten. A1, A3-5

SECTION CERRIS LOUDON

Q. cerris L. A1-6, B1-7, C1-6

Q. ithaburensis Decne. subsp.
macrolepis (Kotschy) Hedge &
Yalt.

A1-2, A4, B1-4, C1-5

Q. brantii Lindley B6-9, C6-10

Q. libani Olivier B6-7, C7

Q. trajona P. B. Webb A1-2, B1-3, C2-5

SECTION ILEX LOUDON

Q. ilex L. A2-3, A5-6, B1, C1

Q. aucheri Jaub & Spach C1-3

Q. coccifera L. A1-4, A6-7, B1-4, C1-4
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Methods
A total number of 3293 localities were obtained

from three different sources:
1. Georeferencing of 247 localities from the “Flora of

Turkey and East Aegean Islands” (Hedge and Yalt r k
1982) were obtained using Google Earth by means
of GPS coordinates.

2. GPS coordinates of 575 map points without locali-
ties were extracted from distribution maps of both
“Flora of Turkey and the East Aegean Islands” (Hedge
and Yalt r k 1982) and “Oaks of Turkey” (Yalt r k
1984).

3. Between 2001 and 2009, 2471 specimens were re-
corded from 288 localities by GPS device during
the expeditions. To avoid bias in sampling process,
every grid square was divided into quarters. Local-
ities were obtained during the trips from one quar-
ter to another, for every grid square.
Species Richness: Its simplicity, capability of mea-

suring taxonomic diversity and wide utilization di-
rected us to use species richness method (Gaston
1996). Species richness based on grid squares was
computed by DIVA-GIS version 7.1.

Cluster Analysis: Euclidean distance measure was
used to calculate dissimilarities between the grid
squares of studied taxa. In order to calculate a dis-
tance matrix over the dissimilarities of species among
the grids, the distribution data were coded in binary
format. A dendrogram was generated by average link-
age classification method based on the dissimilarity
matrix. Cluster Analysis was performed by NTSYSpc
software version 2.1.

Principal Component Analysis: To reveal ordina-
tion of taxa composition per grid cell more clearly,
Principal Component Analysis (PCA) was used. PCA
was performed by STATISTICA software version 6.
Multivariate ordination focuses here on the co-varia-
tion of distributions.

Localities of Quercus were plotted as histograms in
order to show the geographical distributions by longi-
tude, latitude and altitude.

Results

Species richness
Species richness was calculated according to the

diversity of the oak species based on the grid squares.
The species richness was mapped on Figure 2 by in-
tensity of gray color. Grid squares with the same level
of gray color contained the same number of taxa.
However, the taxa involved in those grids may have
different compositions. According to the map, A1,
A2, and A3 squares showed the richest composition
with the number of species ranging from 13 to 15.
Grid square B10 contained no oak species. A9, C7 and
C8 squares represented the least number of taxa rang-
ing 1–3. Species richness was found to increase from
South-Eastern to North-Western Turkey with a break
in oak distribution through B4 and B5 grids.

Map points on Fig. 2 showed frequency of locali-
ties. Although the species richness was not based on
the number of localities, there seemed to be a correla-
tion between them.

Distribution of each oak species was compared
with Anatolian Diagonal (Davis 1971). Since the Ilex
Section was only found at the Mediterranean region
and coastal areas, their occurrences were not com-
pared with the Anatolian Diagonal. In the Quercus Sec-
tion, some of the infraspecific taxa showed tendency
in distribution with respect to Diagonal. However,
since this study was based on the species level rather
than infraspecific taxa, this issue was not considered.
Distribution of species in Cerris Section showed a con-
siderable relation with Anatolian Diagonal. Such as,
Quercus brantii Lindley and Q. libani Olivier distributed
eastern part of the diagonal. On the contrary, Q.
ithaburensis Decne. subsp. macrolepis (Kotschy) Hedge
& Yalt., Q. cerris L. and Q. trojana P. B. Webb. ranged
west part of the diagonal.

Cluster analysis
In the dendrogram (Fig. 3) resulted by cluster anal-

ysis, A1-A5 grid squares were separated from all oth-

Fig. 2. Quercus species richness based on the Davis’s grid square system
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ers by forming a group of Euro-Siberian cluster with
only half of its members. Remaining grids were di-
vided into two clusters of B5-9, C6-10 and B1-4, C1-5,
A6-9. Grids A6-9, part of Euro-Siberian region, were
located within the same branch with grids belong to
Mediterranean region. Below this node, B5-7 group
was separated from the B8-9, C6-10, and also B1-2
was separated from the B3, C1-5 group.

Principal component analysis
In the results of Principal Component Analysis

(Fig. 4), at first glance, three introgressive groups
were identified clearly comparing to results of Cluster
Analysis. According to factor 2, grids belong to
Irano-Turanian region and Euro-Siberian region were
presented at the upper part of the plot while grids be-
long to Mediterranean region were located at the
lower part. Irano-Turanian and Euro-Siberian related
grids were separated through vertical axis by factor 1.
Grid C6 was plotted between the groups of
Irano-Turanian and Mediterranean. However, A8 and
A9 grids were found within the Irano-Turanian
group.

Geographic analyses of sampled Quercus
taxa

In the histogram based on longitudes (Fig. 5) the
highest number of observations (35%) was found be-

tween 26°N and 30 °N longitudes and the remaining
gradually reduced from 31°N to 44°N. This finding
has showed a correlation with the increase in richness
through the western part of the country. Histogram of
observations by latitudes followed a bimodal distri-
bution (Fig. 6). There was a similar pattern between
36°E– 39 °E and 40°E – 44 °E latitudes. Between these
similar distributed peaks, less number of observa-
tions was found usually around 39 °E latitude.

Distribution of oaks was typically between 0 and
2000 m altitudes over Turkey (Fig. 7). There were

Fig. 3. Dendrogram showing the similarities of grid squares based on richness of Quercus species distributions

Fig. 4. Results of Principal Component Analysis of Quercus
species distributions



Geographic distribution of Turkish Oaks 45

Fig. 5. Distribution of Quercus sampling by longitude. Each population was represented once without consideration of
Quercus species number

Fig. 6. Distribution of Quercus sampling by latitude. Each population was represented once without consideration of Quercus
species number

Fig. 7. Distribution of Quercus sampling by altitude. Each population was represented once without consideration of Quercus
species number
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two peaks within the graph; the first peak was around
200 m, and the second peak was around 1100 m alti-
tude. However, number of observations was decreas-
ing between elevations of 400 and 650 m. On the
other hand, while the elevation increased from 650 to
1100 m, the number of observations also increased
and between 1100 and 2000 m the number of obser-
vations was gradually decreased.

Discussion and conclusions
The geographical distributions of Turkish oaks

with 18 species were analyzed using Geographic In-
formation System technique based on more than
three thousand georeferences. Maximum richness
score was found in the three grid squares of A1-A3
(Fig. 2), which ranged between 13–15 different spe-
cies. This region is located at the north-western Tur-
key. One of the main reasons for this region to be rich
is being a transition zone between Europe and Asia.
Apart from its historical importance, this region is
important from a phytogeographical point of view,
since the “oriental” component of the Balkan flora
has reached southeast Europe via the Thracian plain
while some species have only reached Thrace and not
pass further through the west (Magyari et al. 2008;
Kavgac et al. 2010). Anatolia – forming a bridge be-
tween southern Europe and southwestern Asia – has
apparently served as a migration route (Davis 1971)
facilitating the penetration of Asiatic floral elements
into south-eastern Europe. Another reason is that the
A1-A3 grid squares also in a place where the two dif-
ferent phytogeographical regions (Mediterranean and
Euro-Siberian) overlaps. The results obtained from
the analysis indicate that these three squares consist
of 15 oak taxa out of 18. Three species that are not
found in these regions are usually either endemic, re-
stricted to quite narrow areas, or belong to the Ira-
no-Turanian phytogeographic origin.

The other important finding from this map is the
decrease in the species richness of the Quercus taxa
gradually from north-west through south-east of Tur-
key. This might be the result of geomorphologic
structure of country. The eastern region is well
known with its high mountains, especially the east-
ern part of the Anatolian Diagonal (Fig. 1). Therefore,
the least number of species (1–3), would be found in
grid squares A9, C7 and C8. Beside an increase in the
elevation at the eastern part of the country, human
impact over the vegetation might be the other reason
for this region to be least diverse (Akman 1995; Çolak
and Rotherham 2006). Collecting localities of Quercus
species has supported the finding that the number of
observations is decreased in the high mountain re-
gion 1100–2000 m (Fig. 7). Altitude histogram
formed two peaks: one of them was around 200 m,
distributed near coastal region of country; the other

peak was seen around 1100 m where highland of the
country covers high coastal inner mountains and pla-
teaus. Therefore, it can be concluded that those grids
A1, A2 and A3 regions are plotted in these two peaks.
However, the number of observations is decreased
around 400–600 m altitude (Fig. 7). Anthropogenic
degradation could be a reason for this decreasing.
Moreover, histogram based on longitudes also shows
a decrease from 31°N to 44 °N (Fig. 5). This supports
the increase in richness of Quercus species in the west-
ern region of country. There may be two main reasons
for the high numbers of observations on the west:
first, there would be more researchers studying on
oaks and sampling them on the western part than the
rest of the country. Second, the high mountains,
heavy grazing and forest destruction were caused less
sampling on the east part of Turkey. Histogram of lat-
itude (Fig. 6) is displayed a bimodal distribution
around 36° E – 39 °E and 40° E – 44° E latitudes. These
areas are covered with rich and wide forest. The less
number of observations was found around 39° E lati-
tude. Most parts of these areas are the inner Anatolia
where contain anthropogenic steppe.

The dendrogram (Fig. 3) and the plot (Fig. 4) are
constructed based on the distribution data of the oak
species with respect to the grid squares. Although
both analyses are based on the same data, results are
significantly different from each other. This is be-
cause only two principal components can be shown in
the plot and less than half of the data was explained
by this way. However, the result of Principal Compo-
nent Analysis is closer to the expectations. Because, it
reveals ordination of the oak distribution more clearly
than those of Cluster Analysis. Since the results of
PCA indicate the occurrence of three phytogeogra-
phical regions within the grid squares. On the con-
trary, inconvenient result of Cluster Analysis may
possibly be caused by presence of an irrelevant part in
the dataset since the dendrogram is constructed by
analyses of all available data.

A few Quercus species show a distribution relevant
to the phytogeography and the Anatolian Diagonal at
subspecies level (Davis 1971; Güner and Ekim 1986).
Quercus robur subsp. robur scattered on the western
side of the diagonal whereas subsp. pedunculiflora
Menitsky found at the eastern side. Similarly, Q.
petraea subsp. pinnatiloba shows a distribution on the
east of the diagonal while the two other subsp.
(subsp. iberica Krassiln. and subsp. petraea) distrib-
uted western part of the diagonal. However, exclu-
sion of the infraspecific ranks from the studied mate-
rials resulted in combination of subspecies data into
single species. This causes loss of distribution infor-
mation relevant to diagonal and produces some unin-
formative or irrelevant part within the data.

In resulting dendrogram of Cluster Analysis, a
group of grid squares (A1-5) creates a separate clus-
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ter of only half of the Euro-Siberian region refers to
Euxine section with one missing grid square, A6, at
the east. Below this node, two clusters appear one
with the members of Irano-Turanian (B5-C6) and the
other with members from Mediterranean together
with Euro-Siberian Colchic section (A6-C3). The first
cluster seems meaningful by its constitution where
all grids belong to Irano-Turanian region. This also
constitutes the Eastern Irano-Turanian part which is
the passage through Anatolia (Davis 1971). Mediter-
ranean region grids located within the Euro-Siberian
region Colchic section and formed the second cluster.
Davis (1971) stated that there might be Mediterra-
nean penetrations through the eastern part of
Euro-Siberian region and Euro-Siberian penetrations
through the Irano-Turanian region in Central Anato-
lian district (Fig. 1). These penetrations also explain
occurrence of B4 within the A7-9 cluster. Similarly,
Mediterranean region cluster composed of B1-3 and
C1-5 is located next to Euro-Siberian region cluster
for the same reason.

On the other hand, grid squares were scattered
over the PCA plot to form three introgressive groups
indicating the phytogeographical regions approxi-
mately. Euro-Siberian and Irano-Turanian groups are
located on the upper part and Mediterranean group is
located below. Although there is a significant range
between the centers of each group, some grid squares
show introgression (A8, A9, and C6). Eastern part of
the Euro-Siberian region (Colchic section) shows a
very narrow zone along the coast of Black sea (Fig. 1).
Only half of the lands are occupied by Euro-Siberian
elements. Afterwards, this region decreases through
the east, the rest are occupied by Irano-Turanian ele-
ments (Davis 1971). Thus, positioning of the A8 and
A9 within the Irano-Turanian group is reasonable
(Fig. 4). Grid square of C6 is in the transition zone be-
tween Mediterranean region and Mesopotamian
sub-region of Irano-Turanian region. Therefore, the
place of C6 in the PCA plot would normally be within
the two phytogeographic regions.
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