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HIERARCHICAL MODEL-BASED ECOLOGICAL
CLASSIFICATION AND MAPPING OF GOLHISAR

DISTRICT

EK_OLOéKA KLASIFIKACIJA | MAPIRANJE OKRUGA
GOLHISAR TEMELJENO NA HIJERARHIJSKOM MODELU

Ozdemir SENTURK'*, Mehmet GUVENG NEGIZ2, Serkan GULSOY?

SUMMARY

In the study, a hierarchical model-based ecological land classification and mapping were carried out in Gélhisar
district with vegetation groups. The presence-absence data of woody plant species were recorded in 398 sample
areas in the district. In the study, elevation, slope, aspect, radiation index, topographic position index and bedrock
variables required for model-based classification and mapping processes were created. In the statistical evaluation
process, firstly, distinction groups were formed by clustering analysis, and then model groups were formed by
classification tree techniques. The Chi-square test was applied to determine the relationship between the sub-
sampling areas in the groups obtained from clustering analysis and the sub-sampling areas in the model groups
obtained from the classification tree technique. As a result of these procedures, a total of four different vegetation
groups were obtained in the district by adhering to the hierarchical distinction principle. In the last stage, the re-
gionalization process was carried out by using the variables structuring the tree model in the classification tree
technique, and thus the tree model obtained was mapped. As a result of this study, Golhisar district was divided
into four different vegetation groups. Based on this hierarchical vegetation classification, the most important var-
iables were determined which include elevation, radiation index, topographic position index, and bedrock types
in the district. While the first and second groups of the separated vegetation groups correspond to the upper parts
of Eu-Mediterranean and supra-Mediterranean climate zones, it is possible to say that the third and the fourth
groups correspond to the mountainous (above 1200 - 1300 m) and oro-Mediterranean climate zone.
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INTRODUCTION
uvoD

Site properties classification is of great importance for fast
and effective operational, managerial, and strategic deci-
sion-making processes in forest areas. Site properties clas-
sification is a kind of decision support system that enables
taking the right steps for many situations such as increasing

the average yield per unit area in forests, reducing produc-
tion costs, reducing rotation age, taking effective protection
measures against global threats, increasing land use and
product diversity (Louw and Scholes, 2002). In forests with
large ecological differences at short distances or small
scales, site properties classifications are needed, especially
in terms of sustainable forest management and increasing
productivity with correct silvicultural practices (Ray and
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Broome, 2001). In other words, site properties classification
provides practitioners with the necessary logical units for
sustainable forest management (Pokharel and Dech, 2011).
Studies on forest site classification are generally based on
the relationship between physiographic conditions, soil
properties, and climate with vegetation (Smalley, 1986;
Jones, 1994). These factors directly affect the structure,
composition, and productivity of vegetation in forests
(Barnes et al., 1982). They therefore provide the basic de-
scriptive information needed for forest site classification.
As a matter of fact, by including vegetation as a dependent
variable and independent variables as descriptive variables,
the work is subject to a hierarchical modelling based on
ecological land classification.

Forest site properties classification is an objective and ana-
lytical method that became widespread in the 1990s (Bath-
gate, 2017). In the past, forest site properties classification
studies were based only on abiotic factors and their specific
relationships with living organisms in the environment,
whereas today, analytical and hierarchical modelling based
on ecological land classification studies that include multi-
variate methods have been developed. Turkey has a signifi-
cant history in the forestry sector, and its forests play a crucial
role in natural resource management. Forest management
strategies in Turkey are not only focused on wood produc-
tion but also provide many ecosystem services. Therefore, it
is necessary to adopt and implement innovative methods and
approaches in the industry. Model-based ecological and an-
alytical land classifications and maps need to be created to
make the right decisions in the country's forests, where en-
vironmental factors vary greatly (Ozkan, 2014). In particular,
maps of forest site properties offer great convenience in
transferring the results of scientific research to the end users
(Louw and Scholes, 2002). Studies including objective, real-
istic, and model-based information and maps for Turkey's
forests are becoming more prevalent in the literature (Ozkan
and Giilsoy, 2010; Ozkan and Mert, 2011; Ozkan et al., 2013).
Although various studies have been conducted, there are still
relatively few studies on hierarchical modelling based on eco-
logical land classification in Turkey. However, as stated above,
ecosystems can be understood and defined more easily
thanks to hierarchical modelling based on ecological land
classification studies using analytical processes. This result
provides valuable information in terms of forecasting, espe-
cially in forestry activities involving ecology-based informa-
tion. Thus, starting from the decision-making stage in for-
estry activities, model-based ecological land classification
studies help to organise the working stages such as imple-
mentation, supervision, benchmarking and planning in the
right way. Outputs of these studies provide practitioners with
practical, useful, and accurate information, as well as unpar-
alleled benefits in terms of money, labour, and time. There-
fore, research on this subject should continue, new ap-
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proaches should be tested and practices in different countries
should be reviewed (Hirsch et al., 1978).

In line with this information, woody vegetation and environ-
mental factors were modelled on the basis of analytical-hi-
erarchical approach in this study. Hierarchical modelling
based on ecological land classification and mapping were
carried out within this study conducted in the Gélhisar dis-
trict, which can be described as an important forest region
in Turkey. The aim of the study was that the model informa-
tion and maps obtained from the study would constitute the
basic ecology-based information in the stages of operation,
protection, and sustainability in the forest areas of the whole
country, mainly in the forestry practices in the region.

MATERIALS AND METHODS
MATERIJALI | METODE

Site description — Opis podrucja

The study area included the districts of Golhisar, Cavdir, Tef-
enni, Altinyayla in Burdur and a part of the district of Fethiye
in Mugla, and Cameli in Denizli. The study area is located
between the eastern longitudes of 35° 44' 54" - 35° 19' 27"
and the northern latitudes of 36° 44' 03" — 37° 21' 33". In the
district, elevation varies between 540-2300 meters. The
study area is located in the southwestern part of the Boncuk
Mountains, in the western region of the Akdag Mountains,
and in the southern part of the Eren Mountains. It has been
stated that the study area is especially rich in terms of veg-
etation diversity in previous studies carried out in and
around the region Edilmistir (Cetin and Segmen 2008; Negiz,
2013). The district covers a total area of 252680 ha, of which
136743 ha are forest areas. Crimean juniper (Juniperus ex-
celsa), black pine (Pinus nigra), oaks (Quercus cerris, Quercus
coccifera), brutian pine (Pinus brutia) and Taurus cedar (Ce-
drus libani) are the most common tree species. The study
area and its surroundings within the borders of the Géller
region generally represent the characteristics of the Mediter-
ranean climate zone. However, since the region is located in
a transition zone between the Mediterranean climate and
the continental climate, transitional climate characteristics
have also been observed. The average annual temperature in
the study area is 12.6°C and the annual precipitation is 634.9
mm (GDSM, 2011; Negiz, 2013). Regarding the geological
structure of the Gélhisar district, it has been determined that
there are three units belonging to Lycian, Middle-Upper Mi-
ocene, and Golhisar formations in the age range from Mes-
ozoic to the present. These formations include limestone,
sandstone, coarse-grained conglomerate, marl and ophiolite
bedrock types (Elitez, 2010; Varol, 2011). Considering the
area where the study was carried out, it shows poor charac-
teristics in terms of soil properties due to the fact that most
of it is sloped and rugged.
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Field study — Terenska istraZivanja

In this study, as suggested in many forest ecology studies
(Fontaine et al., 2007; Ozkan and Giilsoy, 2010; Giilsoy et
al., 2017; Negiz and Kurt, 2017), the data were collected in
400 sub-sample areas (100 sample areas with 4 sub-samples
per sample area), each of which was 20x20 m in size. The
sample areas were distributed as homogeneously as possi-
ble to represent the study area, considering the differences
in site characteristics such as elevation, slope, and aspect.
Only woody species (tree and shrub species) in the sample
areas were recorded according to the Braun-Blanquet scale
(r,+,1,2,3,4,5) (Braun-Blanquet, 1947; Cepel, 1995; Fontaine
et al.,, 2007; Ozkan, 2009).

Environmental variables — Okolisne varijable

In statistical evaluations, environmental variables need to
be created in order to obtain models and maps. In this con-
text, aspect, slope, and elevation variables were created in
a raster format by using the digital elevation model of the
Golhisar district. In order to present the landform structure
of the study area, a topographic position index map was
created using the “Topographic Tools” extension (Jennes,
2006). Considering the study area, each bedrock type in the
lithology map obtained from the General Directorate of
Mineral Research and Exploration was drawn as a polygon
and bedrock types were recorded in the attribute table. In
the final stage, the vector-featured bedrock types were ex-
ported in a raster format by the conversion tools. Radiation
index values were calculated by using cellular values of the
aspect variable created for the study area in the equation:
Radiation Index = [1 - cos ((1t/ 180) x (0 - 30))] / 2. In the
equation, 0 represents the aspect values and the obtained
values vary in the range of 0-1. The value “0” represents
the slopes in the north-northeast direction, and the value
“1” represents the hotter and drier south-southwest slopes
(Moisen and Frescino, 2002; Aertsen et al., 2010). Likewise,
heat index values were calculated by using the cellular val-
ues of the slope and aspect variables created for the study
area in the equation: Heat Index = cos(radyan(0-202.5) x
(tan(radyan(A)))). In the equation, 0 represents the aspect
values, while A represents the slope values. The values ob-
tained as a result of the equation vary between -1 and 1
(Parker, 1988; Olsson et al., 2009).

At the last stage, radiation index and heat index variables
were created in a raster format by using the “Point to Ra-
ster” tool in ArcMap 10.2 software, based on the cellular
values of the equations calculated for the study area.

Statistical evaluation — Statisticka analiza

In the statistical evaluation process, firstly, cluster analysis
and indicator analysis, classification tree technique in the
modelling stage, and chi-square test were used in the pro-

cess of testing the success of the fit of the groups obtained
as a result of the clustering analysis to the model groups
(Cole, 1949; Fontaine et al., 2007; Ozkan and Giilsoy, 2010).
In the mapping process of the created models, ArcMap 10.2
software was used.

In the study, using the vegetation data matrix, the distinc-
tion of vegetation groups in the region was carried out via
cluster analysis. The clustering groups obtained were di-
vided into two different groups from the first level distinc-
tion of the district. The two separated groups were accepted
as dependent variables and modelled with the classification
tree technique using the environmental data matrix (Death
and Fabricius, 2000; Moisen, 2008; Ozkan, 2012). It was
mapped using the obtained tree model. Finally, the chi-
square test was applied to determine the relationship be-
tween the groups obtained from the cluster analysis and the
model groups obtained from the classification tree tech-
nique. When a significant relationship (p<0.05) was deter-
mined as a result of the chi-square test, further stages of
distinction were initiated. When a significant relationship
could not be detected among groups/subgroups, the dis-
tinction was terminated. Throughout all stages, each group
or subgroup was mapped and visualized. Thus, hierarchi-
cal modelling based on ecological land classification and
mapping for the Golhisar district was completed.

RESULTS
REZULTATI

As a result of field studies, a total of 131 different tree and
shrub species were identified in 400 sub-sample areas in the
Golhisar district. Prior to the statistical evaluation process
aimed at separating vegetation groups, 73 plant species with
a frequency value of less than 5% were excluded from the
vegetation data matrix, among the 131 plant species that
were determined. After excluding the plant species, mod-
elling processes continued with the remaining 398 sub-
sample areas.

As a result of field studies in the district, it was determined
that the woody plant species with the highest frequencies
were respectively Juniperus oxycedrus subsp. oxycedrus
(76.5%), Berberis crataegina (49.75%), Juniperus excelsa
(48.5%), Verbascum cariense (48.25%), and Quercus coccifera
(39.5%). Furthermore, characteristic plant species specific to
each sub-region group were identified at each distinction
level. The most significant indicator plant species and their
indicative values for the sub-region groups are presented in
Table 1.

First Distinction Level — Prva razina razlikovanja

The first group division was performed as a result of cluster
analysis (Euclidean - Ward’s method) applied to the data
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Table 1. Indicator plant species in the sample areas and their indicative values
Tablica 1. Indikatorske biljne vrste na uzorkovanim povrsinama i njihove indikativne vrijednosti

Species

Astragalus angustifolius Lam. subsp. angustifolius Lam. var. violaceus Boiss.
Astragalus nanus Dc.

Astragalus prusianus Boiss.

Berberis crataegina Dc.

Berberis vulgaris L.

Cedrus libani A. Rich var. libani

Centaurea solstitialis L. subsp. solstitialis L.

Cirsium vulgare (Savi) Ten.

Colutea cilicica Boiss. Et Bal.

Cotinus coggygria Scop.

Daphne oleoides Schreber subsp. oleoides Schreber.

Dianthus zonatus Fenzl var. hypochlorus (Boiss. Et Heldr.) Reeve.
Euphorbia kotschyana Fenzl.

Juniperus excelsa M. Bieb.

Juniperus oxycedrus L. subsp. oxycedrus L.

Phlomis armeniaca Willd.

Pinus brutia Ten. var. brutia

Pinus nigra J. F. Arnold subsp. nigra var. caramanica (Loudon) Rehder
Pistacia terebinthus L. subsp. palaestina (Boiss.) Engler

Rosa canina L.

Verbascum cariense Hub.—Vor.

matrix of woody plant species with a frequency of 5% or
higher obtained from 398 sample areas. In the resulting
dendrogram, sample areas were divided into two cluster
groups from the first distinction level onwards. Of these, a
total of 255 sample areas were included in the first cluster
group (District Class 1), while 143 sample areas were in the
second cluster group (District Class 2) (Figure 1).

The groups obtained from cluster analysis and environ-
mental variables were modelled using the classification tree
technique. The resulting model had a total of 6 terminal
nodes. The variables that constructed the model were eleva-
tion, chert, and topographic position index, respectively
(Figure 2a). As shown in Figure 2a, the code “District Class
1”7 represents Subdistrict 1, while the code “District Class
2” represents Subdistrict 2. Sub-sample areas with an alti-
tude below 1368 m, sub-sample areas with an altitude above
1368 m and chert bedrock, sub-sample areas with an alti-
tude between 1368 and 1500 m, no chert bedrock, and a
topographic position index greater than 1.25 remained in
Subdistrict 1. On the other hand, sub-sample areas where
the altitude is greater than 1722 and there is no chert bed-
rock, sub-sample areas where the altitude is lower than
1722, there is no chert bedrock and the topographic posi-
tion index is less than 1.25, as well as sub-sample areas

Level 1 Distinction Level 2 Distinction Level 3 Distinction

= = == bl Be i
8 e =y s s 2
3 3 27 37 37 3
- - - - 29.4 -
19.9 - - 38.0 - -
- - 30.0 - - -
- 419 - 376 55.1 -
- - - - - 37.4
- - - - - 474
- - 253 - - -
- - - 35.3 - -
15.0 - - - - -
- - 28.0 - - -
- - - - - 35.5
- - - - 317 -
- - - - - 65.0
- 33.9 - 46.3 - -
49.2 - - - - -
- - - - 263 -
53.5 - 71.2 - - -
- 37.7 - - 428 -
35.1 - - 447 - -
- 42.2 - - - -
- 45.3 45.2 - - 56.9

where the altitude is between 1500 and 1722, there is no
chert bedrock and the topographic position index is greater
than 1.25 were included in Subdistrict 2 (Figure 2a).

In order to achieve a more successful vegetation distinction,
it was decided that the sub-sample areas that fall between
the cluster group and model group and the sub-sample ar-
eas provided above should not be included in the second
and third vegetation distinction processes applied in the
next step. In this regard, during the second distinction level
applied, although there should have been 271 sub-sample
areas in the model group, 42 sub-sample areas were ex-
cluded from this group and a total of 229 sub-sample areas
were used for vegetation classification. Similarly, during the
third distinction level, although there should have been 127
sub-sample areas in the model group, 26 sub-sample areas
were excluded from this group, resulting in a total of 101
sub-sample areas being used to continue vegetation classi-
fication.

Second Distinction Level — Druga razina razlikovanja

In the second distinction level, the number of woody plant
species with a frequency of 5% or more decreased from 58
to 41 out of the remaining 229 sub-sample areas from the
vegetation classification process. As a result, the second dis-
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Golhisar District Data (398 sample areas, 58 Species)
Level 1 Distinction
Cluster Results

'

V

p1-16, p21-56, p77-80, p85-104, p129-140, p155, p157-168, p233-240, p253-398 |

p17-20, p57-76, p81-84, p105-128, p141-154, p156, p169-232, p241-252

District Class 1 (255 sample areas)

District Class 2 (143 sample areas)

Classification Tree Technique Results

Subdistrict 1 data (271 sample areas)

Subdistrict 2 data (127 sample areas)

!

L

p17-20, p58, p60, p73-76, p82, p105-109, p115, p116, p125, p127, p128,
p142-144, p146, p147,p205, p207-210, p212-217, p220, p222-224, p250
(42 sample areas)

p155, p281, p284-288, p295-298, p324, p335-338, p359, p360, p362, p364, p365,
p379, p385, p386, p394, p396
(26 sample areas)

Level 2 Distinction
Cluster Results

Level 3 Distinction
Cluster Results

{

I}

!

1

p1-16, p21-29, p31-56, p77-80, p85-
104, p129-135, p137-140, p157-168,

p30, p136, p233-240, p257-280, p282,
p283, p289-294, p299-323, p325-334,
p339-358, p361, p363, p366-378,

p57, p59, pl41, p145, p148-154, p156,
p169-192, p211, p218, p219, p225-228,

p61-72, p81, p83, p84, p110-114,
p117-124, p126, p193-204, p206, p221,

p253-256 p380-384, p387-393, p395, p397, p398 p241-249, p251, p252 p229-232
Subdistrict 1 Class 2.1 Subdistrict 1 Class 2.2 Subdistrict 2 Class 2.1 Subdistrict 2 Class 2.2
(102 sample areas) (127 sample areas) (54 sample areas) (47 sample areas)

Classification Tree Technique Results

Classification Tree Technique Results

v v
Subdistrict 1 Section 1 data Subdistrict 1 Section 2 data Subdistrict 2 Section 1 data Subdistrict 2 Section 2 data
(118 sample areas) (111 sample areas) (39 sample areas) (62 sample areas)

Figure 1. Distribution of sample areas in Cluster Analysis and Classification Tree Technique classes along with the analytical process
Slika 1. Distribucija uzorkovanih povrsina u klasama klasterske analize i klasifikacijskog stabla zajedno s postupkom analize

Elevation < 1368.5 Elevation < 1191

Serpantine : a

Chert: a

Elevation < 1722

Subdis 1 Subdis 1 - Sec 1

Elevation < 1453.5

Radiation index < 0.379

Radiation index < 0.1225
Subdis 2 - Sec 1

Subdis 1
Topographic position index < 1.25
Subdis 2 Subdis 1 - Sec 2
Elevation < 1500

Subdis 2

a Subdis 1 gubdis 2 b subdis1-sec2

Elevation < 1385.5

Topographic position index < -2.98

Subdis 1 - Sec 1

| Subdis 1 - Sec 2
Elevation < 1870

Subdis 2 - Sec 1

Subdis 1 - Sec 2

C Subdis 2 - Sec 1

Subdis 2 - Sec 2

Figure 2. Tree models (the first distinction level of district (a), the second distinction of Subdistrict 1 (b), the third distinction of Subdistrict 2 (c))
(Subdis 1: Subdistrict 1, Subdis 2: Subdistrict 2, Subdistrict 1 — Section 1: Subdis 1 — Sect 1, Subdistrict 1 — Section 2: Subdis 1 — Sec 2,
Subdistrict 2 — Section 1: Subdis 2 — Sec 1, Subdistrict 2 — Section 2: Subdis 2 — Sec 2)

Slika 2. Modeli stabla (prva razina razlikovanja u okrugu (a), druga razina razlikovanja u Podokrugu 1 (b), treca razina razlikovanja u Podokrugu 2 (c)) (Po-
dokrug 1: Podokrug 1, Podokrug 2: Podokrug 2, Podokrug 1 — Dio 1: Podokrug 1 — Dio 1, Podokrug 1 — Dio 2: Podokrug 1 — Dio 2, Podokrug 2 — Dio 1: Po-

dokrug 2 — Dio 1, Podokrug 2 — Dio 2: Podokrug 2 — Dio 2)

tinction level was initiated with a total of 229 sub-sample
areas and 41 woody plant species. In this process, cluster
analysis was initially applied to the vegetation data matrix
and the sample areas were divided into two clusters. Out of
these, the first cluster group (Subdistrict 1 - Class 2.1) con-
sisted of a total of 102 sample areas, while the second clus-
ter group (Subdistrict 1 — Class 2.2) consisted of 127 sub-
sample areas (Fig.1).

Using the groups obtained from the cluster analysis and en-
vironmental variables, the modelling process was repeated
by means of the classification tree technique. The code “Sub-
district 1 - Section 1” shown in Figure 2b, 1 represents Sub-
district 1 — Class 2.1 for the second distinction level, while

the code “Subdistrict 1 — Section 2” represents Subdistrict 1
— Class 2.2 for the second distinction level. Sub-sample ar-
eas with altitude less than 1191 m and sub-sample areas with
altitude between 1191 and 1385 m, radiation index greater
than 0.379, and topographic position index greater than
-2.98 remained in Subdistrict 1 - Section 1 in the second
distinction level. Sub-sampling areas with an elevation
greater than 1453, sub-sampling areas with an elevation be-
tween 1191 and 1453 with a radiation index less than 0.379,
sub-sampling areas with an elevation between 1385 and
1453 with a radiation index greater than 0.379, and sub-
sampling areas with an elevation between 1191 and 1385
with a radiation index greater than 0.379 and a topographic



Table 2. The results of the chi-square test in the cluster analysis groups and the model groups
Tablica 2. Rezultati hi-kvadrat testa u skupinama klasterske analize i skupinama modela
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Classification Tree

Cluster Groups

Technique Groups

Chi-Square Value Sig. Value (p)

District Class 1
District Class 2
Subdistrict 1 — Class 2.1
Subdistrict 1 — Class 2.2
Subdistrict 2 — Class 2.1
Subdistrict 2 — Class 2.2

First Distinction Level
Second Distinction Level

Third Distinction Level

position index less than -2.98 remained in Subdistrict 1 —
Section 2 in the second distinction level (Figure 2b). The
prediction values of the obtained tree model were regional-
ized and visualized at the scale of the Golhisar district.

Third Distinction Level — Treéa razina razlikovanja

In the vegetation classification process during the third dis-
tinction level, the number of woody plant species with a
frequency of 5% or higher among the remaining 101 sub-
sampling areas decreased from 58 to 43. As a result, the
third distinction level was carried out with a total of 101
sub-sampling areas and 43 woody plant species. During this
process, clustering analysis was performed again on the
vegetation data matrix, and the sampling areas were divided
into two cluster groups. A total of 54 sub-sampling areas
were included in the first cluster group (Subdistrict 2 -
Class 2.1), while the second cluster group (Subdistrict 2 -
Class 2.2) contained 47 sub-sampling areas (Figure 1).

The modelling process was initiated by applying the clas-
sification tree technique between the groups obtained from
the clustering analysis and environmental variables. The
model had a total of 4 terminal nodes (Figure 2c). The var-
iables that structured the model included elevation, radia-
tion index, and serpentine, respectively. In Figure 2¢, code
‘Subdistrict 2 - Section 1’ represents Subdistrict 2 Class 2.1
for the second distinction level and code ‘Subdistrict 2 Sec-
tion 2’ represents Subdistrict 2 — Class 2.2 for the second
distinction level. Sub-sampling areas with a radiation index
less than 0.1225 without serpentine bedrock, sub-sampling
areas with serpentine bedrock, sub-sampling areas with a
radiation index greater than 0.1225 without serpentine bed-
rock and with an elevation greater than 1870 m remained
in Subdistrict 2 — Section 1 in the third distinction level. On
the other hand, sub-sampling areas with a radiation index
greater than 0.1225 without serpentine bedrock and with
an elevation less than 1870 m remained in Subdistrict 2 -
Section 2 in the third distinction level (Figure 2c). The pre-
diction values of the obtained tree model were regionalized
and visualized at the scale of the Golhisar district.

A chi-square test was used to assess whether there were sta-
tistically significant differences (at least at a 5% significant

Subdistrict 1

Subdistrict 2 154.006 0.000
Subdistrict 1 — Section 1
Subdistrict 1 — Section 2 99.219 0.000
Subdistrict 2 — Section 1 38,526 0000

Subdistrict 2 — Section 2

level) between the model groups obtained from cluster anal-
ysis and the classification tree technique. A statistically sig-
nificant relationship (at the 1% significant level) was ob-
served between the cluster analysis groups and the model
groups in the results of the chi-square test (Table 2). Accord-
ing to the obtained test results, it was confirmed that the
first, second, and third distinction levels were successful.
Due to the success of the first and second level of vegetation
classification, the third distinction level was initiated. How-
ever, since the chi-square value was not statistically signifi-
cant in the fourth distinction level, the vegetation classifica-
tion was terminated at the third distinction level.

The prediction values of the obtained tree model were re-
gionalized and visualized in the Gélhisar district. After all
classification and modelling procedures, hierarchical veg-
etation classification was carried out in 4 different sub-re-
gions of Gélhisar. Finally, these sub-regions were visualized
on a map (Figure 3), and the hierarchical modelling based
on ecological land classification and mapping of the region
were completed.

DISCUSSION AND CONCLUSIONS
RASPRAVA | ZAKLJUCCI

In forestry practices, contemporary techniques are started
to be used by the requirements of the present. Thus, forests
have started to be evaluated not only as a source of wood
raw material but also in terms of all the functions they pos-
sess. While, on the one hand, direct benefits are obtained
from forests, on the other hand, ensuring the sustainability
of forests has become prominent. To achieve this, it has be-
come necessary to manage forest areas in a much more
planned manner. In this process, especially the current man-
agement plans have been used as a guiding resource by prac-
titioners or decision-makers, guiding forest management.
On the other hand, forest management plans contain im-
portant information about the distribution areas, develop-
mental stages, canopy closure degrees, age classes, and other
characteristics of the main forest tree species in forests.
However, they do not include information on the site char-
acteristics classification of forest areas, which varies depend-
ing on the region or forest management boundaries to
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Figure 3. Hierarchical ecological land classification mapping of the Gélhisar district

Slika 3. Mapiranje hijerarhijske ekoloske klasifikacije zemljiSta okruga Gélhisar

which the tree species belong. Therefore, in vast geographies
such as our country where climate, topographic conditions,
parent rock, and soil properties vary, regional or local forest
site properties classifications are needed for important for-
est areas. Such forest site properties classification allows for
more organized and effective implementation of forestry
activities that are compatible with modern techniques and
requirements. Based on the distribution characteristics of
woody species within the boundaries of the Golhisar district,
which contains important forest areas for our country, a for-
est site classification was carried out in this study using the
hierarchical distinction principle.

As a result of the study, the Golhisar district was classified
into four different vegetation groups based on the hierar-
chical classification principle. In the first one, the region
contains flat or convex areas with radiation index values

close to 1 at the altitudes directly below 1190 m or between
1190 m and 1400 m. The most effective indicator plant spe-
cies for this vegetation group, which corresponds to low
elevations and well-light areas in the region, was identified
as brutian pine (Pinus brutia Ten.). These areas corre-
sponded to the locations where pure brutian pine forests
mostly exist in the region. Furthermore, the other strong-
est indicator plant species of this vegetation group, along
with Pinus brutia, are Verbascum cariense, Astragalus pru-
sianus, Cotinus coggygria, and Centaurea solstitialis subsp.
solstitialis. In general, it can be said that all of these plants
are woody plant species that mix with brutian pine in the
low elevation steps of the Mediterranean region.

The second vegetation group in the district is represented by
areas with elevations approximately between 1450 and 1700
m on one hand, and mostly by moister areas with concave



topography or valley features between elevations of approx-
imately 1200 to 1450 m on the other hand. The strongest
indicator plant species in this vegetation group was found to
be Crimean juniper (Juniperus excelsa). One of the earlier
studies has shown that the Crimean juniper tends to thrive
on moist slopes facing the sea within the Mediterranean
plant community (Aussenac, 2002). Therefore, it is believed
that the characterization of the vegetation community in the
mentioned altitude range by the Crimean juniper as a dis-
tinct indicator plant species is shaped by the relationships
with moisture resulting from the climate conditions in the
environment. On the other hand, the fact that Berberis cra-
taegina is also an indicator species for this vegetation group
supports the idea that moist environmental conditions may
be a key factor in the differentiation of vegetation groups.
Furthermore, within this vegetation group, which generally
corresponds to middle elevation levels in the region, Pistacia
terebinthus species emerged as an important indicator plant,
especially in areas with high radiation index and more light.

The third and fourth vegetation groups’ distinction in the
district generally corresponds to mountainous areas at ele-
vations of 1500-1600 meters and above. However, the dis-
tinguishing variables between the third and fourth vegeta-
tion groups here were the serpentine bedrock and radiation
index along with elevation. Especially in shaded slopes with
less light due to the absence of serpentine and low radiation
index, Pinus nigra and Berberis crataegina plant species
emerged as the most prominent indicator plants for the third
vegetation group. The formation of the fourth vegetation
group occurred in altitudes between 1600 and 1850 meters
where there is serpentine bedrock and radiation index val-
ues are approximately 1. In these areas, Cedrus libani,
Daphne oleoides, and Berberis vulgaris plants emerged as
prominent indicator species for the fourth vegetation group.

As a result of this hierarchical modelling based on ecologi-
cal land classification conducted in the Golhisar district, it
was concluded that the most effective variables are elevation,
radiation index, topographic position index, and bedrock
types. Various studies conducted previously in the Mediter-
ranean region have also demonstrated the effectiveness of
these variables in characterizing vegetation communities
(Ozkan and Giilsoy, 2010; Ozkan et al., 2013; Ozkan, 2014;
Ozkan and Berger, 2014; Sentiirk et al., 2014; Ozkan et al,,
2015; Ozdemir and Ozkan, 2016; Giilsoy et al., 2016; Giilsoy
etal.,, 2017; Sentiirk et al., 2019). On the other hand, the first
and second vegetation groups identified correspond to a
transitional climate zone between the upper Mediterranean
and mountainous Mediterranean climate zones, while the
third and fourth groups are particularly associated with the
mountainous Mediterranean climate zone above 1200-1300
m and the high mountainous Mediterranean climate zone
where it ends (Arbez, 1974; Fontaine et al., 2007). As a re-
sult, the information obtained from here carries an effective

Sumarski list, 1-2, CXLIX (2025), 57-66

fundamental information quality in forestry studies to be
applied in the district. Especially, more successful and ob-
jective results can be obtained in afforestation practices, con-
servation, and bio-restoration services to be carried out in
the region by using the model and map information ob-
tained. The fact that the results obtained are model-based
should help determine and monitor the changes that will
occur in vegetation communities during the climate crisis,
which is one of the biggest problems of today.
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U ovom istrazivanju provedeno je hijerarhijsko modeliranje temeljeno na ekoloskoj klasifikaciji
zemljita te mapiranje u okrugu Golhisar s vegetacijskim skupinama. Podaci o prisutnosti i odsutnosti
drvenastih biljnih vrsta zabiljeZeni su na 398 pokusnih ploha. U istrazivanju su definirane varijable
nadmorske visine, nagiba, orijentacije, indeksa zracenja, indeksa topografskog polozaja i geoloske
podloge potrebne za klasifikaciju temeljenu na modelu i procese mapiranja. U procesu statisticke eval-
uacije prvo su odredene razlikovne skupine klasterskom analizom, a zatim su modelne skupine
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odredene pomocu klasifikacijskog stabla. Hi-kvadrat test primijenjen je za odredivanje odnosa izmedu
podruéja poduzorkovanja u skupinama dobivenih klasterskom analizom i podruéja poduzorkovanja
u skupinama modela dobivenih tehnikom klasifikacijskog stabla. Kao rezultat ovih postupaka dobi-
vene su ukupno Cetiri razli¢ite vegetacijske skupine u okrugu po principu hijerarhijskog razlikovanja.
U posljednjoj fazi proveden je proces regionalizacije koriStenjem varijabli koje strukturiraju model
stabla pomocu tehnike klasifikacijskog stabla te je tako dobiveni model stabla mapiran. Kao rezultat
ovog istrazivanja, okrug Golhisar podijeljen je u Cetiri razli¢ite vegetacijske skupine. Na temelju te hi-
jerarhijske klasifikacije vegetacije, utvrdene su najvaznije varijable kao $to su nadmorska visina, in-
deks zracenja, indeks topografskog polozaja i vrste geoloske podloge. Dok prva i druga skupina izd-
vojenih vegetacijskih skupina odgovaraju gornjim dijelovima eu-mediteranskog i sub-mediteranskog
klimatskog pojasa, moze se reci da treca i ¢etvrta skupina odgovaraju planinskoj (iznad 1200 - 1300
m) i oro-sredozemnoj klimatskoj zoni.

KLJUCNE RIJECI: razina razlikovanja, ekoloska klasifikacija zemljiita, modeliranje i mapiranje, svojstva
lokaliteta, vegetacijska skupina



