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Abstract

Hierarchical Land Classification of forest ecosystems is an attempt to classify the territory

considering hierarchical distinctions of plant communities. Ecological land classification is

especially crucial for semi natural or degraded forest ecosystems. In this study, a hierarchical land

classification was generated for Aglasun forest ecosystems where urban and agricultural

developments and nonstop human activity for fuel wood and timber have caused extensive

degradation to native plant communities. Data obtained from 153 sample plots consisting of

environmental characteristics and vascular plant species were evaluated by using cluster analysis,

stepwise discriminate analysis, and chisquare test. Interspesific correlation analysis was applied

to define the indicator species at each distinction level. Two sections, two subsections and four

units were finally determined for the Aglasun forest district. The results of the stepwise discriminate

analyses showed that the fundamental variables for classifying the district are altitude, exposition,

latitude and longitude.
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Introduction

The main purpose of ecological land classification

is to subdivide land into sub-units that are relatively

homogeneous with respect to environmental factors. Plants

are generally chosen as a responsible variable versus

environmental factors for classifying terrestrial ecosystems

because it can explain the ecological processes operating

on a given site more measurably than the other factors.

Also vegetation measurements are easier and more reliable

compared to fauna and it is essential component of energy

flow in ecosystems. Early ecological land classifications

were often based on topographical contrasts. Recent studies

on the ecological land classification have been often based

on vegetation-environmental relationships (Velazquez, 1992;

Cheng, 2001; Altun et al., 2002; Ozkan and Kantarci, 2008;

Ozkan and Gulsoy, 2010).

A few significant studies have attempted concerning

ecological land classification and mapping in different

regions of Turkey. Ozkan and Gulsoy (2010) made an

ecological land classification based on a hierarchical

sequence of vegetation in the Buldan district, Aegean

region. Whereas Altun et al. (2002) classified and mapped

the Research Forest of Forestry Faculty of Karadeniz

Technical University in the Black Sea region.  Another study

conducted the classification and mapping of the forests of

Genya Mountain in the same region (Altun et al., 2007).

With respect to the Mediterranean region, the first

study entitled “Regional Site Classification of Mediterranean

region” was made by Kantarci (1991) and has attracted much

attention of foresters. The reason is that Mediterranean

forest ecosystems has a very important position due to

their species diversity, composition and complex structure.
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One of the components of this complexity is the

heterogeneity of habitats, which influences the spatial

distribution of plant species.

Kantarci (1991) classified regional subgroups,

subregions and districts for the Mediterranean region. But

the study didn’t involve subclasses for each subregion or

district of the region. Moreover, after the study of Kantarci

(1991), only one study entitled “Forest site properties and

classification in Beysehir watershed” was published at a

district level for the Mediterranean region (Ozkan and

Kantarci, 2009). There is clearly a need for much more

detailed investigations about other subregions and districts

of this region.

Aglasun district is located in Mediterranean region.

Vegetation-environment relationships were reported by

Fontaine et al. (2007). In that study, as expected, altitude

and aspect are the most controlled factors on vegetation

distribution. However, the study didn’t include ecological

land classification and map-units of the district.

Ecological land classification reflects potential

distribution of vegetation communities due to the

integration of abiotic and biotic ecosystem components on

a map (Banner and Meidinger, 1996). Portraying the potential

vegetation distribution on a map is one of the challenges of

ecosystem planning. This information is especially crucial

for degraded or semi natural ecosystems like the Aglasun

forest district.

The hierarchical structure of vegetation communities

should be considered in hierarchical ecological land

classification (HELC) (Wright et al., 1998). One of the

approaches in HELC is based on binary distinctions of

vegetation communities. In this approach, vegetation data

is firstly classified into two main subgroups. Then the

environmental factors affecting the different subgroups are

determined and a potential distribution map of the

subgroups is generated considering these environmental

factors. The main subgroups are entitled habitat types. This

approach can be repeated for secondary and further

distinctions of the generated habitat types (Ozkan and

Gulsoy, 2010).

This study was addressed to generate a hierarchical

ecological land classification of the Aglasun district

considering binary distinctions of vegetation communities.

Aglasun district is located in the South of Turkey and

covered by the characteristic tree species of the mountain

Mediterranean forests (like Pinus brutia (Brutian pine),

Pinus nigra (Crimean pine), Juniperus exelsa (Crimean

juniper), Cedrus libani (Lebanon cedar) and Quercus (Oak

species). At the same time, it hosts many endemic species.

Ecological based classification and mapping of the

Aglasun district will provide more detailed information and

will increase our understanding about Aglasun forest

ecosystems. The study will give fundamental information

for sustainable forest management and applications

including restoration, afforestration, conservation, and

utilization of the district ecosystems.

Materials and Methods

Site description : Aglasun forest district (37° 33' N; 30° 32'

E, 350-2200 m above sea level) is bounded on the West by

Burdur and Burdur lake, in the East by Kovada channel, in

the North by Isparta, in the South by Bucak and Kestel lake.

The study area is about 55.000 ha in size. The area is

characterised by different parent materials, among which,

limestone is most widespread, followed by conglomerate

and sandy clayey dusty deposits.

Soil depth, moisture content and stoniness vary

depending on altitude, slope degree and parent material.

Parent material is the most important factor affecting soil

properties. Soils on limestone parent material are slightly

undulated with levelled or bedded surfaces and weak zones

in the rugged and inclined surfaces. Generally, soils derived

from limestone material are shallow. Whereas those derived

from sandy, clayey or dusty deposits are generally deep to

very deep and moreover less stony, less alkaline and moister.

Aglasun district is located in the transition zone,

Mediterranean interior subregional group (Kantarci, 1991).

The average annual temperature ranges from 11.7 to 12.1 ºC

with an irregular rainfall regime. The average annual

precipitation ranges from 678 to 947 mm. The climate is semi

humid type. In other words, the climate prevailing in the

Aglasun district is transitional, with a long summer drought,

being mainly Mediterranean with an impact from the

continental (Fontaine et al., 2007).

About an area of 32250 ha equal to 52 % of Aglasun

district is covered by forest. The leading forest vegetation

of Aglasun district is pure and mixed forests composed of

Black pine (Pinus nigra ssp. pallasiana), Red pine (Pinus

brutia Ten.), Taurus cedar (Cedrus libani), Oaks (Quercus

sp.) and Juniper (Juniperus sp.).

The district has a long history of human settlement

and forest utilization, including individual selection and

overgrazing (Vermoere et al., 2003), which declares the high

soil loss amounts in most areas of the district (Hacisalihoglu

et al., 2010).

Field sampling and laboratory methods : The longitude

(LONGIT) and latitude (LATITU) of the sample plots was

determined considering altitude (ALTUD), aspect (EXPOS),

slope degree (SLOPE), slope position (LANDPOS), parent
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material ((limestone (LIMESTONE), conglomerate

(CONGLO), sandy clayey dusty deposits (SANDCLAY))

and surface stoniness (SURFSTON)). In total 153 sites were

surveyed (Fig. 1), recording the presence/absence of 312

vascular plant species together with environmental

variables.

Slope position was recorded as 1 (valley bottom), 2

(lower slope), 3 (middle slope), 4 (upper slope) and 5 (ridges)

respectively (Dasdemir 1992). Aspect variables ranged from

shallow aspects to sunny aspects as 1 (north), 2 (northern

east and northern west), 3 (west and east), 4 (southern east

and southern west) and 5 (south) (Hahs et al., 1999). Each

parent material was accepted as a new variable and recorded

presence (1) and absence (0) in data set (Ozkan and Gulsoy,

2010).

The collected soil samples (0-10 cm depth) at each

site were analyzed according to the following methods: The

texture by hydrometer method (Bouyoucos, 1962), pH with

glass electrode (1/2.5 soil-solution ratio) (Peech, 1965), total

calcium carbonate (CALCAR) with Schreiber calcimeter

(Allison and Moodie, 1965), total nitrogen (NITRO) by

Semimicro-Kjeldal (Bremner, 1965), and organic matter

(ORGMAD) with the Walkey-Black method (Walkey and

Black , 1934).

Statistical analysis : The assessment was based on

examining relationships between the vegetation data matrix

(VM) and the environmental data matrix (EM) at each

hierarchical distinction level of VM by using various

statistical methods (Ozkan and Gulsoy, 2010). Before

performing statistical analysis, the plants possessing a

value less than 5 % frequency were omitted from vegetation

matrix. Cluster analysis, Stepwise Discriminate Analysis and

Chi- square test were performed by using SPSS statistical

software (Ozdamar, 1999). ICA was applied by using Fisher’s

exact method (Cole, 1949).

Results and Discussion

First distinction

In the first distinction level of CA, 45 sample plots

were included in Group A, while the remaining 108 plots

were included in Group B (Table 1). Sample plots of Group A

and Group B were accepted as classification variable in

order to evaluate in SDA. The first application results of

SDA were given in Table 2. The result of SDA was found

statistically significant (p<0.01) with a very high

classification accuracy (90.8 %).

Altud, Longit, Expos, Landpos, Sandclay and Conglo

were found the most important factors affecting vegetation

distribution (Table 2). The results of SDA and distribution

of sample plots according to CA groups in Aglasun map

were examined and the border of subregions were formed

(Fig. 2). CS test was applied between the sample plots of the

recognized groups according to sample plots in subdistricts

(Table 3) and CA groups (Table 1). The result of CS was

found significant at the 0.01 level (Table 4). That result means

that validation of the subdistricts was approved. Thus it

was decided to pass the next step. Before passing next

step, indicator species of subdistricts were determined by

using ICA. Positive indicator species of Subdistrict A and

Subdistrict B were given in Appendix 1. It should be pointed

out that positive indicator plants of a subdistrict are, at the

same time, negative indicators of the other subdistrict. The

results of ICA results indicated that Berberis crataegina,

Rosa canina, Amelanchier parviflora are positively

associated with Subdistrict A, while Phillyrea latifolia,

Styrax officinalis, Fontanesia philliraeoides subsp.

philliraeoides and Pinus brutia are positive indicator plants

of Subregion B.

Second distinction

Subdistrict A : With regard to the first cut point of the

applied CA (analysis no: 2) using the vegetation matrix of

Subdistrict A (Table 1), Group A1 and A2 in turn consisted

of 11 sample plots and 20 sample plots. The results of the

SDA for A1 and A2 groups were found significant at the

0.01 level and, 90.3 % of original groups were correctly

classified. ALTUD, EXPOS and SURFSTON were identified

as the most important variables in partitioning of these

groups (Table 2). According to the results of SDA and spatial

distribution of sample plots in Subdistrict A, the border

between Section A1 and Section A2 was formed (Fig. 2). The

result of the CS was significant at the 0.05 level (Table 4)

between the CA groups (Table 1) and the recognized groups

(Table 3).

The results of ICA indicated that Saturaja

cuneifolia, Cerasus prostrata var. prostrata, Pinus nigra

subsp. pallasiana and Cedrus libani are the indicator

species of section A.2, while Quercus coccifera is positively

associated with section A.1.

Subdistrict B : Classification variable (42 sample plots

belonging to Group B1 and 80 sample plots belonging to

Group B2) of the SDA was obtained from the first cut point

of CA (analysis no: 3) (Table 1). Significance of the SDA

was found at the 0.01 level. 80.3 % of CA groups were

correctly classified. Herein the discriminators were Orgmad,

Latitu, Expos and Slope (Table 2). The new groups (Section

B1 and Section B2) were arranged (Table 3) after forming

the border (Fig. 2). The applied CS test was significant at

the 0.01 level for validation of Section B1 and B2 (Table 4).

The results of ICA showed that the most positive associated

plants with Section B1 were Fumaria asepala, Abies

cilicica, Amelanchier parviflora, Cedrus libani, while
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Table 1 : The results of the cluster analyses

Distinction level Number of Groups Sample plots

Analysis

1st distinction 1 A S29-S45, S57, S95-S99, S105-S107, S118-S129, S140, S141, S143, S150-S153

B S1-S28, S46-S56, S58-S94, S100-S104, S108,S117, S130-S139, S144-S149

2nd distinction A 2 A.1 S39-S41, S95, S121, S123, S125-S128, S142

A.2 S42-S45, S57, S96-S99, S118-S120, S122, S124, S129, S143, S150-S153

2nd distinction B 3 B.1 S2-S38, S63, S105-S107, S146,

B.2 S1, S46-S56, S58-S62, S64-S94, S100-S104, S108-S117, S130-S141, S144, S145,

S147-S149

3rd distinction B.A 4 B.1.1 S1, S29-S38, S82, S105-S109

B.1.2 S2-S28, S61

3rd distinction B.B 5 B.2.1 S46, S48-S51, S53-S56, S58, S59, S65-S68, S70, S71, S73, S75, S79, S80, S94, S104,

S110-S114, S117, S130-S132, S148

B.2.2 S47, S52, S60, S62-S64, S69, S72, S74, S76-S78, S81, S83-S93, S100-S103, S116, S133-

S141, S144-S147, S149

4th distinction B.A.A 6 B.2.1.1 S46, S48-S54, S56, S72-S78, S81, S100-S103, S112-S116, S130, S149

B.2.1.2 S47, S55, S58, S59, S70, S71, S79, S80, S104, S110, S111, S117, S131, S148

4th  distinction B.A.B 7 B.2.2.1 S60,S62-S69, S83, S137-S141, S144-S146

B.2.2.2 S84-S94, S132-S136, S147

Table 2 : The results of the discriminate analyses

Attempts Classification    Number Wilk’s   Chi- Df Sig. Standardized Canonical Classification

variable              of analysis Lambda  square  Discriminant Function      results %

            Coefficients

Variables Function

1st distinction Subdistrict A’ 1 0.517 97.768 6 0.000 Altud 0.840 90.8

Longit -0.615

Expos -0.424

Subdistrict B’ Landpos 0.280

Sandclay -0.329

Conglo 0.487

2nd distinction A Section A.1' 2 0.442 22.444 3 0.000 Altud 0.768

Section A.2' Expos -0.810 90.3

Surfston 0.506

2nd distinction B Section B.1' 3 0.632 54.187 4 0.000 Orgmad 0.391

Latitu 0.352 80.3

Section B.2' Expos -0.352

Slope 0.620

3rd distinction B.A Subsection B.1.1' 4 0.162 75.547 3 0.000 Limestone 0.817

Longit 0.894 97.8

Subsection B.1.2' Latitu 0.503

3rd distinction B.B Subsection B.2.1' 5 0.512 48.829 4 0.000 Longit -0.796

Expos 0.594 83.1

Subsection B.2.2' Limestone 0.511

Dust 0.488

4th distinction B.A.A Unit B.2.1.1' 6 0.434 32.566 2 0.000 Altud -0.710 88.1

Unit B.2.1.2' Surfston 0.620

4th  distinction B.A.B Unit B.2.2.1' 7 0.203 50.964 2 0.000 Altud 0.964 97.1

Unit B.2.2.2' Expos -0.430

K. Ozkan et al.
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Fig. 1 : Aglasun district and the location of sample plots

Phillyrea latifolia, Quercus coccifera, Pinus brutia,

Daphne sericea were the most important positive indicator

species of Section B2.

Third distinction

Section B.1 : According to the result of the forth CA, Group

B.1.1 and B.1.2 were in turn included in 17 sample plots and

28 sample plots (Table 1). Discrimination was significant at

0.01 level. Classification was successful with 97.8 %.

Limestone, Longit and Latitu were found the most important

environmental factors affecting on the distribution of

vegetation (Table 2). CS test between CA (Table 1) and the

recognized groups (subsection B.1.1 and subsection B.1.2)

(Fig. 2, Table 3) was significant at 0.01 level (Table 4).

Amelanchier parviflora, Berberis crataegina, Cedrus

libani from B.1.1, and Pinus nigra subsp. pallasiana, Pinus

brutia from B.1.2 were found the most important indicator

plants.

Section B.2 : 33 sample plots in group B.2.1, 43 sample

plots in Group B.2.2 were arranged from the applied CA

(analysis no: 5) (Table 1). The result of SDA was significant

at 0.01 level and, the classification result of the original

groups was successful with 83.1%. LONGIT, EXPOS,

LIMESTONE and DUST were found to be the most

important discriminators (Table 2). CS confirmed to the

recognized groups (subsection B.2.1 and subsection B.2.2)

(Fig. 2, Table 3) at 0.01 level (Table 4). The results of ICA

showed that Astragalus prusianus, Quercus coccifera and

Melica ciliata subsp. ciliata were the most positive

indicatory species of Subsection B.2.1, while Olea oleaster,

Arbutus andrachne, Pistacia terebinthus subsp. palaestina

and Cistus salviifolius were the most characteristic species

for Subsection B.2.2.

Fourth distinction

Subsection B.2.1 : As a result of the first cut level of CA, 28

sample plots were included in B.2.1.1 while 14 sample plots

remained in B.2.1.2 (Table 1). The result of SDA was found

successful (p<0.01) with a classification ratio of 88.1 %.

ALTUD and SURFSTON were found the chief factors on

the distribution of vegetation (Table 2). The confirmation

between the recognized groups and the CA groups was

found statistically significant (Table 4). The border was

formed between Unit B.2.1.1 and B.2.1.2 (Fig. 2). The results

of ICA indicated that the strongest indicator species is

Paliurus spina-christi for Unit B.2.1.1 whereas Daphne

sericea and Juniperus oxycedrus were the best reflective

species for Unit B.2.1.2.

Subsection B.2.2 : According to the result of the applied

CA by using 35 sample plots data, 18 sample plots occupied

in unit B.2.2.1, while the others (17 sample plots) assembled

in unit B.2.2.2 (Table 1). The result of SDA was significant at

0.01 level. 97.1 % of CA groups were correctly classified.

Remaining variables in the model became ALTUD and

EXPOS (Table 2). The recognized groups (Table 3) were

confirmed (Table 4). The border between Unit B.2.2.1 to

Hierarchical land classification of forest ecosystems
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Table 3 : The recognized groups of the sample plots

Distinction levels The recognized groups Sample plots

1st distinction Subdistrict A S39-S45, S57, S95-S99, S118-S129, S142, S143, S150-S153

Subdistrict B S1-S38, S46-S56, S58-S94, S100-S117, S130-S141, S144-S149

2nd distinction A Section A.1 S39, S40, S42, S43, S95, S121-S129, S142, S143, S153

Section A.2 S41, S44, S45, S57, S96-S99, S118-S120, S150-S152

2nd distinction B Section B.1 S1-S38, S61, S82, S105-S109

Section B.2 S46-S60, S62-S81, S83-S94, S100-S104, S110-S117, S130-S141, S144-S149

3rd distinction B.A Subsection B.1.1 S29-S38, S82, S105-S109

Subsection B.1.2 S1-S28, S61

3rd distinction B.B Subsection B.2.1 S46-S56, S58, S59, S70-S81, S100-S104, S110-S117, S130, S131, S148, S149

Subsection B.2.2 S60, S62-S69, S83-S94, S132-S141, S144-S147

4th distinction B.A.A Unit B.2.1.1 S46-S56, S72-S76, S80, S81, S100-S104, S110, S115-S117, S130

Unit B.2.1.2 S58, S59, S70, S71, S77-S79, S111-S114, S131, S148, S149

4th  distinction B.A.B Unit B.2.2.1 S60, S62-S69, S83, S84, S93, S94, S132, S137-S141, S144-S146

Unit B.2.2.2 S85-S92, S133-S136, S147

B.2.2.2 was formed and illustrated in Fig. 2. Olea oleaster,

Arbutus andrachne, Phillyrea latifolia, Cistus salviifolius

for Unit B.2.2.2 and, Pinus nigra subsp. pallasiana and

Juniperus excelsa for Unit B.2.2.1 were defined as positive

indicatory species.

Hierarchical sequence of the map : Aglasun district was

distinguished in subdistrict A and B. Subdistrict A was

distinguished in Section A.1 and A.2. This distinction was

the last stage for Subdistrict A. Subdistrict B was

distinguished in Section B.1 and B.2. The sections were

also distinguished into subsections. Subsection B.1.1 and

B.1.2 were the last levels of Section B1. Regarding to Section

B2, its’ distinctions were generated until the units (Unit

B.2.1.1, Unit B.2.1.2, Unit B.2.2.1 and Unit B.2.2.2). In

conclusion, eight portions at different hierarchical levels

were incorporated in a map (Fig. 2).

Ecological assessment of the distinctions in Aglasun

district: Altud, Expos, Longit and Latitu are the most

important participators according to the results obtained

from SDA models. Among them, Altud is the most effective

K. Ozkan et al.

Fig. 2 : Ecological site map of Aglasun district
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discriminator of the distribution of vegetation due to fact

that it has the biggest standardized SDA coefficients in

three models. Altud as the most significant factor of

vegetation distribution was also reported by former studies

(Kantarci, 1991; Ozkan and Kantarci, 2008; Ozkan, 2009;

Ozkan and Gulsoy, 2010) in the Mediterranean region and

its’ immediate environment. Expos is the other influential

factor affecting species distribution on the Aglasun district

and was also, together with Altud, reported by Fontaine et

al. (2007).

Unit B.2.2.2 located in northerneast part of Aglasun

district receives humid and warm impacts blowing from

Mediterranean Sea via the Kovada channel. That is why

thermal (lower) Mediterranean elements such as Olea

oleaster, Arbutus andrachne, Phillyrea latifolia, Cistus

salviifolius are widespread in this unit.

Maritime air masses can also reach to Unit B.2.2.1

via Kovada channel. However, Unit B.2.2.1 is located in

upper of Unit B.2.2.2. Thus Pinus nigra subsp. pallasiana

and Juniperus excelsa were present in Unit B.2.2.1. In this

case, it can be said that Mediterranean mountain and

continental climatic properties are somewhat effective even

if thermal Mediterranean climate is dominant in Unit B.2.2.1.

In comparison with Subsection B.2.2, Subsection

B.2.1 seems to have more continental climatic properties.

Because Pistacia terebinthus subsp. palaestina, Arbutus

andrachne, Olea oleaster, Cistus salviifolius that are

thermal Mediterranean elements were negative indicator

plants of Subsection B.2.1. However, continental climate is

not dominant in this subsection. Because Daphne sericea

and Quercus coccifera that are Mediterranean elements were

positive indicator species for this subsection.

Subsection B.2.1 is located in the west of Subsection

B.2.2 and Kovada channel. Therefore, this section partially

receives the humid impacts coming from Mediterranean Sea.

Besides, the mountains in the south of Subsection B.2.1

prevent to receive typical Mediterranean Sea impacts.

Subsection B.2.1 is a transition zone possessing a climate

between thermal Mediterranean climate and continental or

mountain Mediterranean climates.

The differentiation between Unit B.2.1.1 and B.2.1.2

of Subsection B.2.1 was due to altitudinal differentiations

like the units of Subsection B.2.2. Paliurus spina-christi is

the strongest indicator for Unit B.2.1.1. Herein Daphne

sericea and Juniperus oxycedrus are remarkable species

among the indicator species of Unit B.2.1.2. However, there

isn’t a notable differentiation between those units. The

reason of this is probably due to urban and agricultural

developments and non-stop human activity for fuel wood

and timber.  In fact, natural vegetation on Subsection B.2.1

has been subjected to individual selection and overgrazing

for a long time (Vermoere et al. 2003). Additionally, there

were some species such as Astragalus prusianus,

Onopordum illyricum and Centaurea cariensis subsp.

maculiceps being positively associated with Subsection

B.2.1 compared to Subsection B.2.2. Those plants are

indicator species for anthropogenic disturbance in the forest

ecosystems (Atalay, 1987; Kantarci, 1991). In conclusion,

the reason of insignificant dissimilarity between the units

of Subsection B.2.1 should be related to subsequent

degradations, in particular overgrazing.

According to the result of SDA, the most important

environmental variable as a discriminator between Section

B1 and Section B2 is SLOPE. In comparison with Section

B2, Section B1 is steeper. Section B1 is situated between

Çanakli and Çamlidere. The mountains located in the

southwestern part of Section B1, surrounding Çanakli were

steep or very steep. The area located in the northeastern

part of Section B1, surrounding Çamlidere has a wide and

Table 4 : The results of the chi-square tests between cluster groups and the recognized groups

Attempts Cluster groups Recognized groups Chi-square Sig. Level

1st distinction A Subdistrict A 84.972 0.000

B Subdistrict B

2nd distinction A A.1 Section A.1 6.304 0.012

A.2 Section A.2

2nd distinction B B.1 Section B.1 93.633 0.000

B.2 Section B.2

3rd distinction B.A B.1.1 Subsection B.1.1 40.892 0.000

B.1.2 Subsection B.1.2

3rd distinction B.B B.2.1 Subsection B.2.1 18.988 0.000

B.2.2 Subsection B.2.2

4th distinction B.A.A B.2.1.1 Unit B.1.1.1 5.357 0.021

B.2.1.2 Unit B.1.1.2

4th  distinction B.A.B B.2.2.1 Unit B.1.2.1 21.898 0.000

B.2.2.2 Unit B.1.2.2

Hierarchical land classification of forest ecosystems
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deep valley structure. The slopes of the valley were steep

or very steep. Abies cilicica, Amelanchier parviflora, Acer

monspessulanum subsp. monspessulanum, Daphne

oleoides subsp. oleoides, Cedrus libani have attracted

attention as positive indicator plant species of Section B.1.

Phillyrea latifolia, Quercus coccifera, Pinus brutia and

Pistacia terebinthus subsp. palaestina are positive indicator

plant species of Section B.2 as well. Atalay (1987) and

Kantarci (1991) reported that Cedrus libani and Abies

cilicica prefer more humid places compared to Pinus brutia

in the Mediterranean region. In this case, it can be said that

Section B.1 is more humid than Section B.2 in spite of the

fact that Section B.2 can receive maritime influences more

than Section B.1.

As mentioned above, Subsection B.1.1 and

Subsection B.1.2 are the most humid parts of Subdistrict B.

Subsection B.1.1 is located in the vicinity of Çanakli in the

southwestern part of Section B.1, while Subsection B.1.2 is

located in the vicinity of Çamlidere in the northeastern part

of Section B.1. Subsection B.1.2 is under humid and warm

impacts coming from Mediterranean Sea via Kovada channel

on one hand, semi humid-humid and cold impacts coming

from the northeast on the other hand. Indicator plants of

Subsection B.1.2 were Pinus nigra subsp. pallasiana, Pinus

brutia, Abies cilicica and Styrax officinalis respectively.

The climate prevailing in Subsection B.1.1 is transitional

being mainly higher Mediterranean with an impact from the

continental and thermal Mediterranean. Subsection B.1.1 is

positively associated with Cedrus libani, Berberis

crataegina, Amelanchier parviflora, Acer monspessulanum

subsp. monspessulanum, Juniperus excelsa and Daphne

sericea.

The differentiation between Subdistrict A and B is

explicit.  Subdistrict A is under the impacts of Mediterranean

mountain climate and continental climate. Herein the most

positive indicator plants were Amelanchier parviflora,

Berberis crataegina, Rosa canina and Astragalus micro

cephalus. In general the impacts of thermal Mediterranean

climate are dominant in Subdistrict B due to fact that Pinus

brutia, Phillyrea latifolia, Styrax officinalis, Fontanesia

philliraeoides subsp. philliraeoides, Paliurus spina-

christi and Pistacia terebinthus subsp. palaestina are

significantly associated with Subdistrict B. Centaurea

cariensis subsp. maculiceps and Verbascum spp.,

anthropogenic disturbance indicators (Atalay, 1987) are

associated with Subdistrict A. In fact, vicinity of Sagalassos,

Kayaalti and Kayis have been subjected to severe damage.

Section A2 is higher than Section A.1.

Mediterranean mountain and continental climatic

conditions are more dominant in Section A.2 compared to

Section A.1. Pinus nigra subsp. pallasiana, Daphne

oleoides subsp. oleoides, Berberis crataegina and Cedrus

libani are the indicator species for Section A. Quercus

coccifera is the most positive indicator species of Section

A1. That species is common until the places where

mountain Mediterranean climate start to be dominant

(Ozkan and Gulsoy, 2010) Section A1 is, therefore, the nature

border of Quercus coccifera.

In conclusion, the findings obtained from the study

revealed that the climate in the district shows a gradual

variation from thermal Mediterranean climate type in the

southeast to higher Mediterranean and continental climate

types in the northwest. The reason of this is originated

from humid and warm winds blowing from Mediterranean

Sea along with the “Kovada channel”-valley from the south-

eastern to the western part of the study area. The

productivities of commercial tree species have also affected

climatic variation (Aertsen et al., 2010) as well as vegetation

distribution. The impact of Kovada channel on the

distribution of vegetation and distinctions of ecological

lands in the lake districts group and Mediterranean interior

subregional group was also reported by Kantarci (1991).

Thus, this study also confirmed the fundamental approach

of the regional classification in the Mediterranean region

by Kantarci (1991).
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Appendix 1 : The list of indicatory plants at each distinction and significant levels (*0.05> P> 0.01, ** – 0.01> P> 0.001, *** – 0.001>

P) of Chi square tests for each species in Aglasun district in Mediterranean region, Turkey

Species

Juniperus excelsa Bieb. ** **  

Cistus salviifolius L.      *   ***   **

Saturaja cuneifolia Ten. ***   **          

Coronilla emerus L. subsp. emeroides             *

Salvia tomentosa Mill.      *        

Quercus cerris L. var. Cerris      *        

Digitalis davisiana Heywood             *

Ajuga chamaepitys (L.) Schreber subsp. **            *

chia var. chia (schreber) Arcangeli

Teucrium polium L.       ***       

Dianthus zonatus Fenzl var. zonatus ***   *   ***  *   *

Poa angustifolia L.      *** *  *   **

Phleum exaratum Hochst. Ex Griseb. subsp. exaratum  ***             

Elymus spp.  *    ***        

Sideritis libanotica Labill.             *

Cregis spp. **        *    

Dactylis glomerata L. subsp. hispanica        *   **    

Cyperus spp.  **    ***        

Melica ciliata L. subsp. ciliata  *      ***  **    

Putoria calabrica (L.fil.) DC. ***      *      *

Jasminum fruticans L.   *    **    *  

Telephium imperati L. subsp. orientale *          * *

(Boiss.) Nyman 

Medicago sativa L. subsp. sativa   **             

Stachys cretica L. subsp. anatolica ***             

Anthemis cretica L. *             

Potentilla rectal L.           *  

Coronilla varia L. subsp. varia         **       

Allium myrianthum Boiss. **      *       

Piptatherum coerulescens (desf.) P. Beauv.       *       

Astragalus microcephalus Willd. ***             

Aegilops neglecta Req. ex Bertol. ***     *        

Secale cereale L. var. Cereale **             

Centaurea cariensis Boiss. subsp. maculiceps   ***     *   *    

Lathyrus laxiflorus (Desf.) O. Kuntze subsp. laxiflorus           *   *

Poa trivialis L. *     *        

Origanum onites L. ***             

Chondrilla juncea L. var. juncea ** *  **  *  

Lonicera etrusca Santivar. etrusca     *  *       

Verbascum spp. ***             

Fumaria asepala Boiss ***    ***  **       

K. Ozkan et al.
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Scariola viminea (L.) F.W.Schmidt     **         

Phillyrea latifolia L.  **    ***       **

Rhamnus rhodopeus Velenovsky     **  *     A b i e s

cilicica (Ant. & Kotschy) Carr.     ***   *      

Styrax officinalis L.  **    **  *   *  

Fontanesia philliraeoides Labill. subsp. philliraeoides    **   *         

Vincetoxicum canescens (Willd.) Decne. ***             

Quercus coccifera L.  ***   ***   **    

Pinus brutia Ten.  ***    ***  ** ** *  

Pinus nigra J.F.Arnold subsp. pallasiana      *   *** *   ***

(Lamb.) Holmboe 

Pistacia terebinthus L. subsp. palaestina    *    **   ***   *

Platanus orientalis L. ** *

Amelanchier parviflora Boiss. *** *** ***

Sanguisorba minor Scop. subsp. muricata         **      *

Crataegus monogyna Jacq. subsp. monogyna       ***        

Dryopteris pallida   (Bory) Fomin     *  **       

Pilosella xauriculoides    (A.F.Lang) Sell & West      **       **

Prunus divaricata Ledeb. subsp. divaricata  ***             

Cerasus prostrata (Lab.) Ser. var. prostrata  ***   **    *      

Acer monspessulanum L. subsp. monspessulanum      **  **       

Phlomis grandiflora H. S. Thompson      *  *      

Centaurea iberica Trev. Ex Sprengel ***             

Fumana thymifolia (L.) Verlot var. viridis   (Ten.) Boiss.     *     * **

Daphne oleoides Schreber subsp. oleoides  *   * **    **    

Daphne sericea Vahl  *    *** **  * **

Sideritis perfoliata L.     **   *     

Teucrium chamaedrys L. subsp. chamaedrys       *     

Astragalus prusianus Boiss. **     **   ***   

Eryngium spp. ***  *           

Crategus orientalis Pallas Ex Bieb. **  *          

Onopordum illyricum L.         * *

Juniperus oxycedrus L.  *    ** *    **  

Paliurus spina-christi   Mill.  **         *** *

Berberis crataegina DC ***   * *  ***       

Cirsium acarna (L.) Moench      ***       *

Eryngium campestre L. **        * *  

Rosa canina L. ***             

Arbutus andrachne L.      **   ***   ***

Cedrus libani A. Rich.    * *** ***       

Olea oleaster Hoffm. & Link,      *   ***   **

Appendix 1 (continued) : The list of indicatory plants at each distinction and significant levels (*0.05> P> 0.01, ** – 0.01> P> 0.001, ***

– 0.001> P) of Chi square tests for each species in Aglasun district in Mediterranean region, Turkey

Species
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