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Abstract

The aim of this study is to determine the vascular plant diversity of 
forest vegetation in Türkmendağ and to reveal vegetation-environ-
mental relationships. The sampling was done using the Braun-Blan-
quet method in 95 grids. Two subplots were sampled in each grid.  

Plant groups were determined by hierarchical classification clustering 
analysis. The relations between plant groups and environmental vari-
ables were examined by non-parametric test statistics. Alpha, beta 
and gamma (α, β, γ) values, which are the species diversity indices of 
plant groups and sample areas were calculated. The interrelationships 
among the diversity components (α, βw and γ) of the sample areas, and 
the site factors were analysed by regression tree method. The best 
regression tree model was built by tree layer, shrub layer, slope, RI, 
limestone and altitude respectively. According to statistical analysis, 
the same variables played dominant roles for the distribution of plant 
groups. When we evaluate all three plant species diversity compo-
nents together, plant groups endowed with the highest species diver-
sity are Group 1, Group 2, Group 4 and Group 8. 

Keywords: Species diversity, Diversity components, Forest vegeta-
tion, Site factors

Öz

Çalışmanın amacı, Türkmendağ’ı orman vejetasyonunun vasküler 
bitki çeşitliliğini örnek alanlar ve bitki grupları itibarıyla belirlemek 
ve bu grupların bazı çevresel faktörler ve meşcere parametrelerine 
göre ilişkilerini ortaya çıkarmaktır. Vejetasyon örneklemesi için Bra-
un-Blanquet yöntemi kullanılmıştır. Örneklemeler 100 x 100 m2’lik 
95 grid (100x100 m2) içindeki 2 alt örnek alanda gerçekleştirilmiştir. 
Bitki grupları, hiyerarşik sınıflandırma kümeleme analiziyle belir-
lenmiştir. Bitki gruplarıyla çevresel değişkenler arasındaki ilişkiler 
parametrik olmayan testlerle analiz edilmiştir. Bitki gruplarının ve 
örnek alanların alfa, beta ve gama tür çeşitlilik indisleri hesaplan-
mıştır. Örnek alanların α, βw ve γ çeşitlilik değerleri ile yetişme or-
tamı faktörleri arasındaki ilişkiler regresyon ağacı yöntemiyle analiz 
edilmiş ve en yüksek açıklama payına sahip model değişkenleri ağaç 
ve çalı katı örtüşü bulunmuştur. Daha sonra eğim, radyasyon indek-
si, kireçtaşı ve yükselti modelde yeterli kabul edilebilecek açıklama 
payına sahip değişkenler olarak belirlenmiştir. İstatistiksel analiz 
sonuçlarına göre bitki gruplarının dağılımında da aynı değişkenlerle 
önemli ilişkiler bulunmuştur. Her üç bitki tür çeşitliliği bileşenle-
ri birlikte değerlendirildiğinde en fazla tür çeşitliliğine sahip bitki 
grupları Grup 1, 2, 4 ve grup 8 olmuştur.
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1. Introduction

Biological diversity emerged in the late 1990s as a 
matter of political interest due to the increased ex-
tinction of species as a result of human activities 
(Ehrlich, 1991; Pausas and Austin, 2001). It is one 
of the fundamental characteristics of healthy na-
ture. A diverse system is more stable, resilient and 
productive (Işık, 1999; Pourmajidian and Kavian, 
2017).  As long as the diversity and distribution of 
organisms in an ecosystem are not impaired, it is 
more resistant to the damaging factors and healthier 
(Özkan, 2010). Species diversity from biodiversity 
components can be measured as a variety of alpha 
(α, in an area), beta (β, between areas) and gamma (γ, 
across the whole area). Alpha and gamma diversity 
can also be directly calculated as species richness 
(Whittaker, 1960). It is important to calculate alpha, 
gamma and beta diversity indices in order to reach 
more accurate results in studies to be conducted on 
species diversity (Negiz et al., 2015). 

Studies on species diversity, an area or a region 
having the changes in biodiversity reveal how we 
should approach the monitoring and measurement. 
(Kareiva, 1993; Prendergast et al., 1993; Gould and 
Walker, 1999). Within this framework, countries 
need to carry out biodiversity inventories in nature 
in order to ensure ecological sustainability as re-
sources are exploited.

In Turkey, there are several floristic studies regard-
ing plant species richness. However, they are not 
sufficiently detailed to answer questions as to which 
communities and habitats should be most protected 
at the planning stage. Plant species diversity varies 
across regions depending on the habitat conditions. 
Therefore, it is important to know the environmen-
tal factors affecting diversity while identifying the 
areas that are potentially rich in species (Gülsoy 
and Özkan, 2008). 

Studies on plant species diversity usually associ-
ate the parameters of species diversity identified 
in sampling plots with environmental factors (Gi-
maret-Carpentier et al., 1998; Gould and Walker, 
1999; Brewer et al., 2003; Pausas et al., 2003; Mc-
Master, 2005; Özkan, 2006; Heydari and Mahdavi, 
2009; Chytrý et al., 2010; Sfenthourakis and Pa-
nitsa, 2012). But there are also other studies that 
explored the relations between plant groups (com-
munities) and species diversity and environmental 
factors (Gupta et al., 2008; Rad et al., 2009).

Türkmen Mountain is the study area of the present 
study.  In this region, Akman et al. (1979) identi-
fied plant communities in the forest vegetation. In 
that study, 9 sampling plots in Pinus nigra subsp. 

pallasiana forests (Table 25), 3 sampling plots in 
Carpinus betulus stand (Table 21), 4 sampling plots 
in Pinus sylvestris forests (Table 34) and 7 sam-
pling plots in Fagus orientalis forests (Table 36) 
were taken. However, it seems difficult to believe 
that the minimal samples they collected were ad-
equate to identify the species diversity in Türkmen 
Mountain forest vegetation. 

Unlike the study of Akman et al. (1979), the present 
study focuses on (1) the estimations and building 
models of diversity components (alpha diversity, 
beta diversity and gamma diversity), (2) examina-
tions of the relationships between environmental 
factors and vegetation groups and, (3) comparisons 
among diversity components of sampling plots 
with species diversity indices of plant groups in 
Türkmen Mountain using a large inventory dataset. 

2. Material and Method 

2.1. Study area

Located in the Irano-Turanian flora zone at the 
Central Western Anatolia border of the Aegean Re-
gion (Zohary, 1973) Türkmen Mountain (1826m) is 
one of the mountains around the Central Anatolia 
Region (Figure 1). It is situated between Eskişehir 
and Kütahya provinces at 39°16’ – 39°38’ northern 
latitudes and 30°06’ – 30°36’ eastern longitudes in 
the steppe transition zone (Güner, 2008). The ele-
vation of the study area where the samples were 
collected was 880-1760 meters. It is very close to 
the intersection of three phytogeographic regions 
(Irano-Turanian, Mediterranean and Euro-Siberi-
an). The area accommodates a wide range of fo-
rest vegetation that has quite different ecological 
requirements. It hosts plant species that can grow 
under both semi-arid and humid climate conditions 
due to the effect of varying topographic structures 
and local climate conditions, different habitats and 
plant communities. The characteristic plant com-
munities of Türkmen Mountain include coniferous 
Anatolian black pine (Pinus nigra subsp. pallasi-
ana), Scotch pine (Pinus sylvestris) and broad-le-
aved oriental beech (Fagus orientalis) forests. At 
lower elevations, there are oak trees (Quercus cer-
ris var. cerris, Q. pubescens) from the secondary 
climax plant communities that were formed due 
to the destruction of black pine forests for many 
years. Oriental beech forests that are distributed 
in Turkey and Bulgaria are divided into 7 main 
groups while the 6th group is defined by the beech 
communities in the southern and western Anatolia 
under the effect of Mediterranean climate (Kavgacı 
et al., 2012). This group also covers the oriental be-
ech forests in Türkmen Mountain.
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Figure 1. Distribution map of the sampling plots accor-
ding to the plant groups in the study area 

Şekil 1. Çalışma alanında bitki gruplarına göre örnek 
alanların dağılımı haritası

Total annual precipitation is 286 mm at Eskişehir 
Regional Station located at an elevation of 801 m 
and 565.5 mm at Kütahya station (969 m) accor-
ding to the 1960-2015 data. The lowest precipitati-
on is recorded in summer and fall. In summer, total 
precipitation is 44 mm in Eskişehir and 70.7 mm 
in Kütahya. According to the Emberger method 
(Akman and Daget, 1971; Akman, 1999), the Me-
diterranean bioclimatic type is usually observed in 
winter when it is usually very cold the semi-arid 
with low precipitation.

2.2. Data collection

The Braun-Blanquet method and scale (Braun-
Blanquet, 1932; Akman et al., 2001) were used to 
identify plant communities and calculate species 
diversity in the forest vegetation. Türkmen Moun-
tain was split into the grids of 100 × 100 m2 on 
the map. The samples were collected from the plots 
in these grids. The number of sampling plots was 
determined in proportion to the areas of different 
plant communities on the ground. 2 sub-sampling 
plots were identified in each sampling plot (1 ha). 
The size of the sub-sampling plots was 400 m2. 
Abundance-coverage values and habitat characte-
ristics of vascular plants (elevation, aspect, inclina-
tion and slope position) in each of 190 sub-samp-

ling plots were recorded during the field survey in 
2013. The coordinates of the sampling plots were 
recorded with GPS. Plant species that could not be 
identified in the field were collected and dried ac-
cording to standard herbarium techniques (Yaltırık 
and Efe, 1996). The geological map with a scale of 
1/500.000 obtained from the Directorate General 
of Mineral Research and Exploration was digitized 
and the bedrocks of the sampling plots on the map 
was taken into account.  

Plant species were identified according to the refe-
rences such as “Flora of Turkey and the East Aege-
an Islands” and using stereo binocular microscope 
(Davis, 1965-1985; Davis et al., 1998; Güner et al., 
2000; Duran and Ocak, 2005; Göktürk and Süm-
bül, 2014).

2.3. Statistical analysis

The vegetation data were tabularised in Micro-
soft Office Excel worksheets, stored in the TUR-
BOVEG database (Hennekens and Schaminée, 
2001, Kavgacı et al., 2008) and imported to JUICE 
software (Tichý, 2002) after the necessary adjust-
ments. The plant groups were differentiated using 
PC-ORD software through hierarchical clustering 
analysis (Mc Cune and Meffords, 2006). In this 
analysis, the distance of the logarithmically con-
verted values was analyzed with Jaccard distan-
ce measure formulation and flexible beta (-0,25) 
group linkage method.

Of the independent variables, elevation (m), incli-
nation (°) and slope position were included in the 
numerical analyses by assigning categorical values 
from 1 to 5 (1: baseline plain; 2: lower slope; 3: hill 
plain or ridge plain; 4: middle slope; 5: upper slopes 
and ridges). Aspect was determined in degrees and 
transformed to the radiation index (RI) (Moisen 
and Frescino, 2002; Aertsen et al., 2010). 

The plant species values of the plant groups in the 
sampling plots and the bedrock data out of the en-
vironmental factors were arranged in the form of 
present / absent data and used in numerical analy-
sis. The associations between the plant groups and 
bedrock were calculated using Pearson Chi-square 
test statistic in SPSS 24 package software which is 
non-parametrical (Özdamar, 2009). In order to de-
termine the direction of the relations, the inter-spe-
cific correlation analysis (Poole, 1974) was used. 
At this stage, C3 formulation was preferred because 
it was thought that it had a better result in terms of 
interpretation during the calculation of correlation 
coefficient (Özkan, 2002). 

At the second stage, SPSS 24 was used and Wil-
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coxon Rank Sum Test was applied to determine the 
relationships between vegetation groups (present / 
absent) and continuous and ordinal environmental 
variables (Özdamar, 2009). 

Before calculating species diversity values of the 
plant groups and the sampling plots, the codes of 
the Braun-Blanquet scale were converted to values 
from 0 to 1 (r: 0.01; +: 0.02; 1: 0.04; 2: 0.15; 3: 0.375; 
4: 0.625; 5: 0.875) (Fontaine et al., 2007). For each 
plant group, Shannon H (Wittaker, 1972; Rad et 
al., 2009, Özkan, 2016) and Simpson 1-D diversity 
indices (Simpson, 1949; Gülsoy and Özkan, 2008; 
Özkan, 2016) were used to determine alpha (α) di-
versity in Past 3 software (Hammer et al., 2001). 
To calculate the beta diversity, βw formulation of 
Whittaker was used (Whittaker, 1972). The gamma 
(γ) diversity for each plant group was calculated di-
rectly as the number of species.

The α diversity values of the sampling plots were 
calculated separately for 95 sampling plots by tak-
ing the average of the sub-sampling plots (190). 
To calculate the differences in species diversity 
between the sampling plots, Whittaker’s beta (βw) 
diversity formulation was used (Whittaker, 1972; 
Gülsoy and Özkan, 2008; Özkan, 2016). Gamma 
diversity (γ) values are the sum of different species 
in a community; therefore, they were determined 
as the total number of individual species in the sub-
sampling plots in 95 plots.

The regression trees method out of the multiple 
variable analysis methods in the DTREG software 

was used to model the species diversity values of 
the sampling plots according to the environmental 
factors (Breiman et al., 1984). 

3. Results 

3.1. Flora and vegetation analysis

In the present study, 242 genera and 477 taxa under 
59 families were identified. 67 taxa are endemic 
(endemism rate 14%). Distribution according to the 
phytogeographical regions of the plant taxa in the 
forest vegetation were as follows; Euro-Siberian 
elements 90, Mediterranean elements 53, Irano-Tu-
ranian elements 44, whereas the phytogeographical 
regions of 290 taxa were unknown. 

With the clustering analysis, the forest vegetation 
of Türkmen Mountain was divided into 9 different 
plant groups (Group 1. Pinus nigra subsp. palla-
siana - Cistus laurifolius (23 sub-sampling plots); 
Group 2. P. nigra subsp. pallasiana - Dactylis glo-
merata subsp. hispanica (28 sub-sampling plots); 
Group 3. P. nigra subsp. pallasiana - Quercus tro-
jana (6 sub-sampling plots); Group 4. P. nigra su-
bsp. pallasiana - Quercus petraea subsp. iberica 
(45 sub-sampling plots); Group 5. Quercus vulca-
nica - Brunnera orientalis (3 sub-sampling plots); 
Group 6. Q. petraea subsp. iberica – Quercus 
cerris (5 sub-sampling plots); Group 7. Q. cerris 
- Carex halleriana (10 sub-sampling plots); Group 
8. Pinus sylvestris - Galium rotundifolium (53 sub-
sampling plots); Group 9. Fagus orientalis - Orthi-
lia secunda (17 sub-sampling plots)) (Figure2). 

Figure 2. Cluster analysis according to Relative Euclidean formulation and Flexible Beta (-0.25) method
Şekil 2. Relative Euclidean formülü ve grup bağlantı yöntemlerinden Flexible Beta (-0,25) metodu ile yapılan 

kümeleme analizi
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3.2. Relationships between plant groups and 
site area 

According to the statistical analysis results the 
relationship between the plant communities and 
bedrocks, there were significant relationships at 
P˂0,05 level with all groups except Group 6 and 
Group 7 from plant groups and ophiolitic bedrocks 
(Table 1). Groups 1, 4 and 9 preferred pyroclastic 
bedrock, while Groups 2, 3 and 8 did not. Group 3 
was not found on this bedrock while Groups 2 and 
8 preferred it less. Groups 1 and 4 had a negative 
association with limestone while Groups 3 and 8 
had a positive association with it. Metaflysh had a 
positive relationship with Groups 2 and 5 but a ne-

gative relationship with Group 4. Unaltered volca-
nite had a negative relationship with Group 4 while 
it had a positive relationship with Group 8. Basalt 
bedrock had a contrary relationship. The fact that 
the relationships were negative means that where 
there is one group, another group does not exist or 
exists in lower amounts, while positive relations-
hip shows the contrary. There were statistically 
significant differences between the environmental 
factors and plant groups except Group 7 in terms 
of elevation, tree, shrub coverage, inclination and 
radiation index (RI) (Table 2). In this study, slope 
position was not found to be an effective variable in 
differentiating the plant groups. 

Plant 
group Bedrock a b c d χ2 p C3

Group1 Pyroclastic 103 64 3 20 19.39 0.000 0.38088
Limestone 122 45 23 0 8.12 0.004 -0.21222

Group2 Pyroclastic 82 80 24 4 11.92 0.001 -0.34966
Metaflysh 149 13 17 11 21.14 0.000 0.21404

Group3 Pyroclastic 100 84 6 0 4.91 0.027 -0.11138
Limestone 145 39 0 6 19.96 0.000 0.14308

Group4

Pyroclastic 90 55 16 29 9.79 0.002 0.36000
Limestone 103 42 42 3 9.45 0.002 -0.31817

Unaltered Volcanite 122 23 45 0 8.12 0.004 -0.21222
Basalt 143 2 34 11 28.66 0.000 0.24068

Metaflysh 122 23 44 1 5.789 0.016 -0.18147
Group5 Metaflysh 165 22 1 2 8.06 0.005 0.04335

Group8

Pyroclastic 64 73 42 11 16.40 0.000 -0.50122
Limestone 112 25 33 20 8.03 0.005 0.27227

Unaltered Volcanite 132 5 35 18 33.00 0.000 0.36531
Basalt 124 13 53 0 5.40 0.020 -0.13967

Group9 Pyroclastic 102 71 4 13 7.88 0.005 0.22111

Table 1. The results of Pearson Chi-square and the interspecific correlation analysis belong to the relationships 
between the plant communities (groups) and bedrock types in Türkmen Mountain 

Tablo 1. Türkmendağı bitki toplumları (grupları) ile ana kaya tipleri arasındaki ilişkilere ait Pearson ki kare test 
istatistiği ve nitelikler arası ilişki analizi sonuçları

a: number of  sampling plots where neither of them (defined plant group and bedrock) exists; b: number of  sampling plots of the 
other plant groups where only the defined bedrocks exists; c: number of  sampling plots on the other bedrock/s  where only the 
defined plant group exist; d: number of  sampling plots where both exist

Elevation had a negative relationship with Groups 
1 and 4 while it had a positive relationship with the 
Groups 2, 5, 8 and 9 that were located at higher 
elevations. Inclination was a negative significant 
indicator for Group 1 (P˂0.001) whereas it had a 
positive relationship with Group 6. RI had a posi-
tive relationship with Group 8 that was located at 
a higher elevation (sunny aspects), while it had a 
negative relationship with Group 9 (shady aspects). 
Tree coverage was a negative indicator for Group 
1 (P˂0.001) and Group 3 (P˂0.05) and Anatolian 
black pine was the dominant plant of these groups. 
These groups are differentiated by their lower tree 
coverage rate than the other plant groups. The ove-

rall coverage rate of the shrub layer is a very im-
portant positive indicator for the differentiation of 
Group 1. Tree layer coverage is a very important 
positive indicator to differentiate the oriental beech 
(Group 9) that forms the shady forest community. 
General tree layer coverage rate is an important 
positive indicator to differentiate the Scotch pine 
plant group (Group 8). Compared to the other com-
munities, they have higher tree coverage. 

The shrub layer coverage had a very significant re-
lationship with Group 8 (P˂0.001), while it had a 
less significant negative relationship with Group 2 
(p=0.042). Both groups had low shrub layer cove-



133

rage. Shrub layer coverage of Black Pine– Macedo-
nian oak plant group (Group 4) was 21%, which is 
why it is a very important positive indicator for the 
differentiation of the group.

3.3. Species diversity of plant groups 

Alpha, beta and gamma (α, β, γ) values, which are 
the species diversity indices of plant groups, are 
shown in Figure 3 (A, B, C, D). Simpson index had 
the maximum values with 0.91 in Group 3 and 0.72 
in Group 4 in the communities dominated by black 
pine (Figure 3A). The lowest Simpson value (0.63) 
was found in Group 9 dominated by oriental bee-
ch. The Shannon indices values (Figure 3B) of the 
plant groups were nearly similar to Simpson indi-
ces values. Group 1 had the maximum gamma va-
lue (Figure 3C). This was followed by Group 2 and 
Group 8, which had different habitat conditions and 
a wide distribution area. From the black pine com-
munities, Group 4 ranked the 4th with 174 species 
while it was one of the communities with the hig-
hest beta diversity (Figure 3D). Group 3 was distri-
buted in a narrower area and had lower topographic 
heterogeneity. Group 4 was distributed in a wider 
area and had a higher topographic heterogeneity.

3.4. Plant species diversity in the forest 
vegetation of Türkmen Mountain

From the alpha diversity indices, Shannon and 
Simpson indices had a similar result in the top 10 
values (Table 3). The 5 sampling plots with the 
highest alpha diversity (Shannon H, Simpson 1-D) 
were in Group 1 and Group 3. The plant commu-
nities with the highest gamma diversity were in 
Groups 1, 3 and 4. The highest Bw value (0.85) was 
found in the sampling plots that had plant groups 
in Group 4 and Group 5. The second highest Bw 
value (0.76) was found in the sampling plots with 
different plant groups (Group 4, Group 7).

3.5. Modelling of factors affecting species 
diversity 

Here we report the results of the regression tree 
analysis conducted for the relationships between 
diversity indexes and environmental factors:

Gamma diversity: The proportion of variance exp-
lained was R2= 0.2678 while its variables were 
inclination and tree coverage (Figure 4). In areas 
where the tree coverage was less than or equal to 
66.25% and inclination was lower than or equal to 
11.5°, gamma diversity had the highest value in the 
model with 66.5. The maximum value of the gam-

Table 2. Wilcoxon tests regarding the relationship between plant groups and environmental variables and present/
absent data regarding the direction of differences 

Tablo 2. Bitki grupları ile çevresel değişkenler arasındaki Wilcoxon testi ve farklılık yönünü belirleyen var/yok değerleri

Plant 
group

Indepen-
dent 

variables

Wilcoxon rank sum test Present Absent

W Z P Min. Max. Mean Min.   Max. Mean

1

Elev.(m) 469.0 -6.987 0.000 935 1323 1046.4±103.3 985 1753 1384±172
Icn (º) 1220.5 -3.951 0.000 2 17 9.3±4.6 0 45 16±8
T.C.(%) 1239.0 -3.897 0.000 10 80 56±19 15 98 71±14
S.C.(%) 14675.5 -5.154 0.000 5 75 39±24.2 0 80 12.9±16.9

2 Elev. 14542.5 -3.456 0.001 1300 1752 1461.2±105.5 935 1753 1322.8±204.3
S.C. 2127.0 -2.038 0.042 0 39 8±9.7 0 80 17.5±20.8

3 T.C. 306.50 -2.023 0.043 43 70 59±12 10 98 70±15

4 Elev. 2617.5 -5.213 0.000 985 1510 1219.1±110 935 1753 1381.7±204.7
S.C. 12653.0 -3.710 0.000 1.3 70 21.6±18.7 0 80 14.4±19.9

5 Elev. 17667.5 -2.021 0.043 1530 1563 1550±17.6 935 1753 1339.9±198.7
6 Inc. 17380.5 -2.368 0.018 12 45 29±14 0 37 14.6±7.2

8

Elev. 10763.0 -6.826 0.000 1178 1753 1500.2±141.3 935 1752 1282.4±184.4
T.C. 12170.5 -2.702 0.007 30 90 74±12 10 98 68±16
S.C. 3125.5 -5.701 0.000 0 50 6.1±10.8 0 80 20±21.1
RI 12232.5 -2.504 0.012 0.002 1 0.511±0.331 0 1 0.388±0.331

9
Elev. 16010.5 -2.362 0.018 1256 1585 1450.3±101.7 935 1753 1332.6±203.1
T.C. 15342.0 -5.483 0.000 65 98 88±9 10 90 68±14
RI 1108.5 -2.381 0.017 0 0.883 0.220±0.211 0 1 0.442±0.338

If the man value of those that are present is lower than the mean value of those that are absent, the relationship is negative, while 
it is positive if the mean value is higher, Elev: Elevation; Inc.: Inclination; T.C.: Overall tree layer coverage; S.C: Overall shrub 
layer coverage
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Figure 3 (A, B, C, D). Graphs of species diversity indices values of plant groups
Şekil 3 (A, B, C, D). Bitki gruplarının tür çeşitliliği indis değerlerine ilişkin grafikler

Sub-sampling plots Plant group     Simpson1-D     Shannon H      Whittaker    Gamma

13-14 Group 1 0.938 3.721 0.347 101
125-126 Group 3 0.936 3.599 0.241 72
5-6 Group 3 0.937 3.548 0.205 88
31-32 Group 1 0.911 3.352 0.504 85
15-16 Group 1 0.908 3.107 0.391 64
57-58 Group 8 0.907 3.216 0.404 66
149-150 Group 2 0.903 2.999 0.341 55
101-102 Group 1 0.898 3.095 0.333 56
163-164 Group 2 0.879 3.138 0.299 63
93-94 Group 8-Group 6 0.878 3.069 0.505 73
17-18 Group 1 0.874 2.956 0.495 68
41-42 Group 1-Group 4 0.870 2.967 0.596 75
91-92 Group 8 0.867 3.001 0.261 58
111-112 Group 8 0.861 2.845 0.495 71
123-124 Group 3 0.858 2.987 0.469 72
11-12 Group 1 0.818 2.739 0.540 67
69-70 Group 4 0.810 2.360 0.621 47
65-66 Group 9 0.782 2.427 0.616 59
165-166 Group 2-Group 8 0.753 2.302 0.710 53
151-152 Group 8 0.702 2.107 0.625 39
107-108 Group 7-Group 4 0.690 1.930 0.760 44
87-88 Group 4-Group 5 0.679 2.131 0.846 48
103-104 Group 8 0.679 1.739 0.600 28
45-46 Group 4 0.654 1.806 0.632 31
35-36 Group 4 0.620 1.700 0.619 34

Table 3. Top 10 highest values of species diversity in each sampling plot
Tablo 3. Örnek alanlar için belirlenen tür çeşitlilik değerlerinin en yüksek ilk 10 değerleri
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ma indices of the sampling plots was 101, and the 
minimum value was 14. 

Figure 4. Regression tree model of gamma diversity
Şekil 4. Gama çeşitliliğine ait regresyon ağacı modeli

The model obtained by the regression tree analy-
ses applied to the relationship between Shannon H 
values and environmental factors was explained 
by tree layer coverage, inclination, limestone and 
elevation (Figure 5). The explanation coefficient of 
the model was R2= 0.463. In areas where the inc-
lination was lower than 12.5°, tree layer coverage 
was lower than or equal to 63.75%, Shannon diver-
sity (H) had the maximum value with 2.965. At the 
second stage, tree coverage was 63.75% - 81.25% 
in the model and the bedrock limestone was rep-
resented with H value of 2.62. Its’ maximum and 
minimum values in the sampling plots were 3.7205 
and 0.9057, respectively.

According to the regression tree analysis applied 
to the relationship between the Simpson 1-D index 
values and environmental variables, the proportion 
of variance explained of the model was R2= 0.3040 
(Figure 6). The maximum Simpson 1-D index 
value was 0.9383, while its minimum value was 
0.3574 in the sampling plots. In areas where the 
tree layer coverage, which was the model’s variable 

Figure 5. Regression tree model of Shannon H diversity
Şekil 5. Shannon H çeşitliliğine ait regresyon ağacı modeli

was lower than or equal to 81.25, Simpson index 
had the maximum value with 0.7913. 

According to the regression tree analysis applied 
to the relationship between the Whittaker’s beta 
diversity index (βw) values (maximum: 0.84615; 
minimum: 0.11765) and environmental variables, 
the model’s explanation coefficient was R2= 0.187 
which was very low (Figure 7). 

In areas where the shrub layer coverage was grea-
ter than 19.25%, the beta value was the highest with 
0.4725. The model with the second highest expla-
ined proportion was the one in which the shrub 
layer coverage was lower than or equal to 19.25% 
and the radiation index value was greater than 0.56 
(sunny aspects between NW and SE). 
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Figure 6. Regression tree model of Simpson 1-D index
Şekil 6. Simpson 1-D indisine ait regresyon ağacı 

modeli

Figure 7. Regression tree model of Whittaker beta index
Şekil 7. Whittaker beta indisine ait regresyon ağacı 

modeli

4. Discussion and Conclusion 

4.1. Plant groups and environmental factor 

Türkmen Mountain is an important district consis-
ting of different tree species and other plant taxa as 
well as numerous plant communities as a result of 
different habitats. It is surrounded by steppe, and the 
endemism rate of its forest vegetation is 14%. As a 
matter of fact, the endemism rate of Kalabak basin 
in the mountain alone is 13.9% (Ocak et al., 2008). 

The numerical analyses applied to the relationships 
between plant groups and some environmental fac-
tors revealed that elevation, bedrock, shrub layer 
coverage, inclination, radiation index and tree layer 
coverage were the most important variables in dif-
ferentiating plant groups. Slope position and ophi-
olitic bedrock did not play a significant role in dif-
ferentiating the plant groups. Studies conducted in 
different regions found that elevation was the most 

important factor in the distribution of plant com-
munities (Poulos et al., 2007; Fontaine et al., 2007; 
Özkan and Kantarcı, 2008; Kavgacı et al., 2010a; 
Kavgacı et al., 2010b; Özkan and Negiz, 2011). 
Sultandağı  in Çarıksaraylar locality, the vegetation 
between the elevations from 1200 to 2000 meters 
was divided into three plant groups with cluster-
ing analysis and the most important variables were 
elevation and bedrock according to the correlation 
analysis performed with site factors (Şentürk et al., 
2013). In our study, bedrock was found to be the 
most important variable after elevation.

4.2. Species diversity of the sampling plots 
and the modelling of factors affecting species 
diversity 

To examine the results of the species diversity in-
dices (alpha, beta and gamma) of 95 sampling with 
species diversity indices of plant groups were clo-
sely found each other.

The alpha diversity indices of the sampling plots 
had similar results to the plant groups (Table 3). 
Concerning the alpha diversity index values, it was 
found that the top 5 sampling plots with the highest 
value were in the Anatolian black pine communi-
ties with the highest alpha diversity values (Group 
3 and Group 1). Similarly, the sampling plots with 
the highest gamma diversity were found to be in 
the Anatolian black pine communities (Groups 1, 3, 
4). The sampling plots with the highest beta value 
matched with the groups with the highest beta va-
lue (Group 4 and Group 8). Bw values were found to 
be higher in the sampling plots with different plant 
communities. 

Beta diversity was calculated as compared to two 
subplots which were selected in 1 hectare. Therefo-
re, in this area, topographic heterogeneity was very 
low. As a result, beta diversity values were lower 
than the beta diversity values of the plant groups.

Beta diversity explains the differences in diversity 
between ecosystems or areas (Klinka, 1997). It is 
also known as the most important diversity compo-
nent especially in studies on forest ecology, which 
may show the differences between habitats in an 
ecosystem (Negiz et al., 2015). Increasing differen-
ces between and number of communities in an area 
is associated with increased heterogeneity of that 
area (Gould and Walker, 1999). It is claimed that 
the species diversity on 19 islands on the Aegean 
Sea does not result from local differences but from 
the heterogeneity of communities (Sfenthourakis 
and Panitsa, 2012). In our study, area heterogeneity 
had a significant impact on Bw while it can be sug-
gested that different plant groups affected the beta 
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diversity. As a matter of fact, Bw was found to be 
higher in the sampling areas where different plant 
groups existed together. The grass layer was also 
rich in the sampling plots that had tree and shrub 
layers consisting of different species. The beta di-
versity was also high in those plots. It can also be 
argued that different plant groups increased beta 
diversity from floristic perspective. 

A comparison between the model’s variables iden-
tified for the gamma, alpha and beta diversity and 
the factors that influenced the differentiation of the 
plant groups that had the highest diversity values 
(Groups 1, 3 and 4 and Group 8) revealed similar 
results. When all diversity indices and the reg-
ression tree models were assessed together, it was 
understood that the species diversity and richness 
were higher in the sampling plots with a tree la-
yer coverage less than 66%, inclination lower than 
12.5°, shrub layer coverage greater than 19, limes-
tone presence and RI higher than 0.56. The stru-
ctural complexity of stands should be included in 
the studies related to plant species diversity as an 
important parameter (Poulos et al., 2007). In fact, 
tree layer coverage and shrub layer coverage were 
the most important variables that influenced the 
species diversity in our study and the shrub layer 
and grass layer coverage and richness both increa-
sed as the tree layer coverage decreased. Increased 
heterogeneity of the forest upper layer also increa-
ses the forest lower layer’s woody species richness 
(Pausas, 1994). 

In a study conducted in the Çarıksaraylar locality 
of the Beyşehir lake basin, it was found that alpha 
woody species diversity was higher on northern as-
pects, while tree and shrub layer species diversity 
was higher on the high mountainous areas (Özkan, 
2006). In our study, the sampling plots and plant 
groups with maximum alpha and gamma diversity 
were located in areas with lower inclination and 
elevation. 

4.3. Plant groups and species diversity 

Türkmen Mountain has pure and mixed stands 
consisting of different species and varying topog-
raphic conditions. The plant communities with low 
beta diversity have a narrow distribution area in 
Türkmen Mountain. Beta and gamma diversity are 
lower in areas with fewer differences in habitat and 
plant species in plant communities represented by 
fewer sampling plots. Therefore, area heterogene-
ity is lower.  The plant communities with higher 
beta diversity are distributed in wider areas; thus, 
they may have different habitat characteristics. 
This increases the beta diversity of plant groups. 

Group 8 and Group 4 had the highest beta value. 
Group 8 that represented the Scotch pine forest 
community is distributed at an elevation of 1178 - 
1700 meters on Türkmen Mountain and forms the 
uppermost community of the forest vegetation. It 
is found in different physiographic factors and pro-
ductivity classes such as different elevations, incli-
nations and aspects (Güner, 2008). Elevation, shrub 
and tree layer coverage and radiation index were 
the important variables in differentiating Group 8. 
Group 4 was differentiated by lower elevation and 
higher shrub layer coverage. Both groups were 
distributed in a wide area. Such areas had a high 
topographic heterogeneity, which also increased 
the species richness. As a matter of fact, Group 8 
ranked the 3rd and Group 4 ranked the 4th in terms 
of gamma diversity. However, these groups were 
not rich in alpha diversity. Similar results were re-
ported in a study conducted on the islands between 
coastal areas of the Northeast America and South-
east Canada. The natural vascular species richness 
increased in direct proportion to the surface area 
and physiological factors had a significant impact 
on plant species richness (McMaster, 2005). In the 
study conducted in the islets in Greece, it was found 
that geographic variables had a significant effect on 
plant species diversity (Iliadou1 et al., 2014). Ac-
cording to the regression tree model applied in a 
study in California, shrub species richness was 
found to be maximum at higher elevations with 
steep slope where topographic humidity index was 
low and the bedrock was on the surface (Moody and 
Meentemeyer, 2001). In another study conducted in 
Iran-Melah Gavan conservation zone, the highest 
species diversity was found in the climate zone at 
1400-1500 m whereas the lowest species diversity 
was found in the climate zones at higher elevations 
(1800-2000 m) (Heydari and Mahdavi, 2009). In 
our study area, however, the forest community was 
distributed up to 1800 meters. The plots where the 
shrub layer coverage was greater than 19.25% in the 
regression tree model, those with shrub layer lower 
than or equal to 19.25% and with RI greater than 
0.56 in the second model (sunny aspects between 
NW and SE) and plots with less shrub layer and 
higher RI in the third model were the best models 
for beta value. This is consistent with these results 
compared to the communities with the highest beta 
value. Group 8 had a low shrub layer coverage and 
preferred areas with higher RI value. The second 
maximum beta value was found in Group 4 that 
was differentiated with highs shrub layer coverage, 
which was a very important indicator.    

In a study conducted in Scotch pine forests, bedrocks 
with calcium carbonate (such a limestone) had much 
higher species diversity compared to those without 
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carbonate (such as granite, schist, sandstone) (Pau-
sas and Carreras, 1995). In our study area, Group 
8 that preferred limestone and unaltered volcanite 
ranked 3rd in terms of gamma species diversity as it 
had different habitat conditions and stand coverage. 
It had a lower alpha diversity value compared to the 
other plant groups. In a study conducted in Scotch 
pine forests of Türkmen Mountain, Shannon-Wie-
ner diversity was found to be higher in areas with 
higher productivity (Güner et al., 2011). In our study, 
the index values of the alpha species diversity dec-
reased with increased inclination, elevation and tree 
layer coverage. In fact, compared to the other plant 
communities, Group 8 and Group 9 had the highest 
average tree layer coverage (74%; 88%) and average 
elevation (1500; 1450 m). There was a negative rela-
tionship between these environmental variables (ele-
vation and tree layer coverage) and species diversity 
while they had a positive impact in differentiating 
Group 8 and 9.

According to the alpha, beta and gamma diver-
sity indexes calculated for each plant community, 
Simpson and Shannon alpha diversity indexes had 
similar results. However, Shannon index values 
were much higher and revealed the differences bet-
ter; therefore, it can be suggested that this index 
explains the differences in species diversity betwe-
en plant communities in a better way. Groups 9, 5, 
4 and 8 had the lowest alpha diversity values and 
had higher tree layer coverage and higher elevation 
except Group 4. This finding shows that the alpha 
diversity decreased as shade and elevation increa-
sed. Group 3, Group 1, Group 6 and Group 7 had 
the highest alpha diversity, respectively. Group 3, 
6 and 7 that were represented by a low number of 
sampling plots had similar habitat characteristics 
and higher alpha diversity since the presence and 
coverage of plant taxa in these groups were hig-
her. Therefore, Group 3 ranked the 5th in gamma 
diversity (species richness) with 160 species in 
only 6 sampling plots whereas it had the highest 
alpha diversity value as the species had a higher 
coverage rate and frequency. In fact, Gimaret-Car-
pentier et al., (1998) reported that diversity indices 
reflected abundance which was the distribution of 
different species groups that compose a populati-
on and the theoretical explanation of Shannon (H’) 
and Simpson (D) diversity indices was based on the 
relative frequency of the species in a population. 
The lowest alpha diversity was found in the plant 
group dominated by oriental beech (Group 9). In 
that plant group, the tree layer cover percentage 
was very high; therefore, there were fewer species 
in the herb layer while their coverage was lower. 
There were oriental beech shrubs trees that grew 
from shoots rather than different shrub species in 

the Group 9. For that reason, Group 9 was found to 
have the lowest alpha diversity. In a study that took 
the number of  species into account, the number of 
plant taxa contained in pure Fagus orientalis stands 
was about 30% lower compared to the ones in Pi-
cea orientalis and Pinus sylvestris stands (Küçük, 
1998). Although the number of species in Group 9 
was not high, it ranked the 5th with its beta diversity 
of 3.19. This group was mixed with Scotch pine, 
Anatolian black pine and occasionally hornbeam, 
and so increased the beta value due to the presen-
ce of different species in the sampling plots.  In a 
study conducted in deciduous forest communities, 
Rad et al. (2009) found that the species diversity 
of Querco-Carpinetum betulii, and Carpinetum-
Fagetum communities was significantly higher 
than that of Rusco-Fagetum and Fagetum orienta-
lis communities and thus species diversity had an 
inverse relationship in the stands where dominated 
shadow-resistant climax species. 

In conclusion, tree layer coverage, shrub layer 
coverage and inclination, respectively, were the 
most important factors that affected plant speci-
es diversity. Regression tree models showed that 
species diversity and richness were higher in are-
as where tree layer coverage was lower than and 
equal to 81% and inclination was lower than and 
equal to 12.5°, and shrub layer coverage was lower 
than 19.5%. It can be suggested that topographic 
heterogeneity, stand structure (coverage) and hete-
rogeneity of plant communities had an impact on 
beta diversity. From the alpha diversity indices, 
the Shannon index better revealed the species di-
versity differences between the plant communities. 
When we assessed all diversity components (alpha, 
beta and gamma) according to the plant groups, 
Pinus nigra subsp. pallasiana – Cistus laurifolius 
(Group 1) was the common plant group that all 
three components were found to be the highest. It 
was understood that the factors affecting the diffe-
rentiation of this group were the same as the signi-
ficant variables in the regression tree model. The 
other plant groups with high species diversity were 
Group 2 (Pinus nigra subsp. pallasiana – Dactylis 
glomerata susbp. hispanica), Group 4 (Pinus nigra 
subsp. pallasiana - Quercus petraea subsp. iberi-
ca) and Group 8 (Pinus sylvestris – Galium rotun-
difolium). In conclusion, the variables in the model 
created for the sampling plots were similar to the 
variables that affected the differentiation of the ve-
getation. Furthermore, the sampling plots with the 
highest species indices values were similar to the 
plant groups that had the highest diversity indices 
values. In this context, the planning according to 
species diversity indices of plant groups will make 
efforts easier.
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According to the findings of the study and the re-
sults of the analyses, the following points should be 
taken into consideration in planning the areas rich 
in species diversity on the basis of plant groups and 
sampling plots:

- Plant communities should be composed of dif-
ferent tree species,

- Tree and shrub layer coverage should not be 
too high, 

- There should be different plant species on the 
bottom layers, especially the grass layer,

- There should be different plant communities or 
groups in the transition zones, 

- Areas with different topographic structure 
should not be ignored.

Moreover, it was concluded that it would be app-
ropriate to use the alpha, gamma and beta diversity 
indices all together according to the results of the 
studies. 
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