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ABSTRACT
The analysis of habitat factors for the distribution of landuse-landcover (LULC)
which is based on the analysis of Topographic Habitat Characteristics (THC), is
important to understand the process of island ecology. The relationships between
LULC, especially relative abundances of dominant tree covers and THC were
examined in the Kapidag Peninsula in order to understand the spatial heterogeneity
of LULC. Dominant tree covers and LULC patch mosaics were obtained from
Turkish General Directory of Forestry (GDF) by using categorical dataSeveral
THC, indicating temperature and moisture distribution, exposure to wind etc., were
computed by a 15 m resolution Digital Elevation Model (DEM). Simple chi-square
test and contingency tables were used to explore the connections between LULC
types and THC. Landform description has long been recognized essential for
understanding vegetation distribution in the peninsula. In this study, the lack of
information on the human dimension is the reason of some uncertainties in
interpreting the spatial patterns of vegetation, in the peninsula.
Key words: Chi-square, GIS, kapidag peninsula, landuse-landcover, topographic
habitat characteristics

vegetation distribution was done by Parker who developed a
topographic relative moisture index (Parker, 1982, 1989). Most
of the studies were done about the effect of topography on
vegetation composition (Gemici and Secmen, 1990;
Bolstad et al., 1998; Franklin, 1995; Deng et al., 2007a;
Ozel, 1999; Oner, 2010) and species abundance (Gemici and
Secmen, 1990; Meentemeyer et al., 2001). According to
Horsch (2003), the distribution of actual vegetation is not only
a result of the complex interaction of historical and recent
environmental factors but also of humane and disturbance
factors.
The rich array of topographic data and digital terrain
analysis techniques have advantage to show the effect of
topographic habitat characteristics on spatial distribution of
land-cover (Deng et al., 2007b; Wilson and Gallant, 2000).
Because Digital Elevation Model (DEM) highly correlates
with moisture, temperature, geomorphologic processes it is a
potential substitute for use in vegetation analysis
(Franklin et al., 2000; Moore et al., 1991; Hoersch et al.,
2002). Digital vegetation information as well as landform and
topography-dependent climatic conditions are commonly
assessed using Geographic Information Systems (GIS).

INTRODUCTION
Information related to the characteristics and spatial
distribution of vegetated and unvegetated land cover is critical
for monitoring and managing the environment. Much of the
environmental variability attributed to topographical factors,
controls the spatial patterns of landcover (Gemici and Secmen,
1990; Brown, 1994; Del Barrio et al., 1997). The relationships
between ecosystem composition and topographic features
based on precipitation and solar radiation in different
ecosystems have been widely studied (Vankat, 1982;
Gemici and Secmen, 1990; Moore et al., 1993b; Pinder et al.,
1997; Ozel, 1999; Oner, 2010). Most of these studies have
focused on spatial patterns of the vegetation.
Although landforms are relatively stable landscape
features, they are important input parameters for spatial
modeling of vegetation distribution (Hoersch et al., 2002).
Thus, it can be said that topography is the reason of patchwork
pattern of small scale habitats (Hoersch et al., 2002), because
species-environment relationships are important determinants
of the abundance and spatial distribution of vegetation. The
first quantification of landform characteristics to predict
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Topographical characteristics have importance on water
availability. The effects of microtopoclimatic contrasts appear
more important in regions where general aridity promotes
critical variation in moisture content (Churchill, 1981;
Campbell, 1989). Because of this, topographical characteristics
are important factors in shaping Mediterranean vegetation
patterns (Armesto and Martinez, 1978; Ozel, 1999;
Oner, 2010). The rates of the changes in water-limited
Mediterranean vegetation would be influenced by topographic
conditions.
In this study, the influence of certain THC on the spatial
patterns, not only of vegetated patches but also of un-vegetated
patches, was studied in the Kapidag Peninsula located in the
Mediterranean biological climate. This study aims to describe
LULC types and their spatial distribution patterns in the
peninsula, to check whether the spatial distribution of LULC
types is controlled by topographic attributes and to examine
how specific THC influence spatial heterogeneity in this
landscape.
When the spatial distribution of the main land-cover types
and their relations with topographical factors were statistically
analyzed, GIS-based model was applied. In this study, we do
not have information on the human dimension. Also, biotic
processes driving landscape patchiness are outside the scope
of this study.

MATERIALS AND METHODS
Study site (area of research and characteristics for
vegetation distribution: The present Kapidag Peninsula
(Peninsula of Cyzicus) was formerly an island and later
became attached to land as a tombolo (Erol, 1991). The
Kapidag peninsula is nearly 300 km2 and is in the north of
Balikesir province, it lies between 27°30 W-28°15 E
longitude and 41°15 N-41°43 S latitude (Fig. 1). Elevations in
the study area range from 0 m (0 ft) to 805 m (2641 ft).
Kapidag Peninsula (Arktonnesos) is linked to Turkey
mainland by the Belkis tombolo (Isthmus). It is a large
(1500 m in length along its central axis and 1700 m wide)
sand tombolo marked by alluvial flat land (Ardel and
Inandik, 1957). Kapidag peninsula, bends the incoming
waves around it so that their energy sweeps sand onto the
Belkis tombolo from both sides. This area is different
from the surrounding mountainous areas in terms of vegetation
cover.
Cayagzi, Erdek, Ilhankoy, Karsiyaka, Ocaklar, Ormanli,
Sahinburgaz, Tatlisu and Turankoy are important settlements
in the peninsula. Most people in the area are engaged in
agricultural activities dealing with vineyards, fruit orchards
and olive plantations.

Marmara Sea
Ormanlı

Turan

¤lhank`y

0

Ballıpınar

140 km

Gaya—zi

Gakıl
Narlı

Ocaklar

Yukarıyapıcı
Height

805.8 m
Gulf of Bandlrma

Erdek

Belkıs

0.0 m
Stream

Gulf of Erdek

Settlement

0

1

2

4 km

Edincik

Fig. 1: Area of research
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Table 1: Hierarchical classification scheme
Class level 1
Class level 2
Forest area
Deciduous forest

Coniferous forest

Mixed forest
Mixed deciduous-coniferous forest
Mixed deciduous forest

Semi-natural areas

Other mixed deciduous forest
Planted-non natural forest
Non natural forest
Shrub and/or herbaceous vegetation associations

Mixed semi-natural areas
Agricultural areas
Artificial surfaces

Permanent crops
Crop cultivation
Discontinuous urban fabric

Artificial water bodies

Explanation
Oriental beech trees (Fagus orientalis)
Chestnut trees (Castanea sativa)
Oak tree species (Quercus spp.)
Turkish red pine trees (Pinus brutia Ten.)
Mediterranean pine trees (Pinus pinaster)
Black pine trees (Pinus nigra)
Quercus spp., mixed with Fagus orientalis a and Pinus nigra
Fagus orientalis mixed with Castanea sativa
Fagus orientalis mixed with Tilia tomentosa
Quercus spp., mixed with Castanea sativa
Broadleaved vegetation composed principally of trees, including shrub
Stone pine trees (Pinus pinea L.) and Radiata Pine trees (Pinus radiata D.)
Vegetation with low and closed cover, dominated by bushes, shrubs and
herbaceous plant with scattered trees. Can represent either woodland degradation
or forest generation. This class describes areas that do not have an artificial cover.
These areas include areas with less than 4% vegetative cover. Included are bare
rock areas and sands
Describes areas that vegetation with low and closed cover is mixed with artificial
agricultural areas
Permanent crops like olive groves and fruit trees
Arable land cultivated areas regularly ploughed and generally under a rotation system
Most of the land is covered by structures: buildings, roads and artificially surfaced
areas associated with vegetated areas and bare soil which occupy discontinuous but
significant surfaces
Artificially watered areas such as reservoirs

In the study area, the annual precipitation is 695 mm and
the annual average temperature is 12.4°C (Erdek meteorology
stations). According to Thornthwaite (1948), the study area
was classified as C2b2 s2b3 which is semi humid,
second-degree mesothermal, under a sea climate effect and has
a strong water deficit during summertime. Generally, climate
is a semi-humid mild type (Sonmez, 2001).
Because Kapidag peninsula has a more humid climate
than its surrounding lands, it has wealthier flora. Three main
vegetation types are found in the study area: Humid forest, dry
forest and macchie. As Sonmez (2001), the distribution rates
of the taxa into phytogeographical regions are as follows:
Euro-Siberian (57%), Mediterranean (26%) and Irano-Tuanian
(17%). Most common forest species (Tasturen, 1994;
Sonmez, 2001) are oriental beech trees (Fagusorientalis
lipsky), chestnut trees (Castanea sativa Mill.), lime trees
(Tiliaplaty phyllos Scop.), oak tree species (Quercus spp.),
Turkish red pine trees (Pinus brutia Ten.), Mediterranean pine
trees (Pinus pinaster Ait) and black pine trees (Pinus nigra
Var.). Dominated oak species are Quercus cerris L.,
Q. coccifera L., Q. frainetto Ten., Q. infectoria Olivier,
Q. petrea (Mattuschka) Liebl., Q. robur L.

and 18 sub-classes were done (Table 1). While sub-classifying,
dominant tree species were taken into consideration. In
both cases, the original data in vector format was converted to
raster data sets using a 15 m size cell. Classification was used
to group stands with similar species composition in order
to simplify the analysis process of landscape-level vegetation.
Predictor variables (dem and topographic habitat
characteristics): Habitats can be dramatically different
depending on Topographic Habitat Characteristics (THC).
DEMs offer many more potential habitat descriptors than
simply a set of elevation values (Tagil and Jenness, 2008).
A 20 m resolution DEM was computed from 10 m
contours of a 1:25000 topographic map. Different
topographic-geomorphometric parameters can be derived from
the DEM by using GIS approaches.
A ten terrain-based topographic habitat models derived
from the DEM to determinate the distribution of plants and
ecological communities was created. THC derived and their
indication potential are given in Table 2. Firstly, 8 landform
variables were created besides primary parameters like
elevation; secondary parameters (slope position, landforms,
etc.) were also created by combining primary ones. These
models were used in a wide variety of ecological
applications (Newell and Peet, 1998; Anderson et al., 1998;
Franklin et al., 2000). The THC used in the study represent
light related variables, water availability, temperature,
micro-climate and landscape unit, because there was not any
spatial data about temperature, moisture, wind or snow in the
Kapidag Peninsula. However, we know that landform
derivatives are to be used as substitutes (Moore et al., 1991;
Hoersch et al., 2002).

Spatial data:
Dependent variables (ground cover): We created dominant
tree covers and LULC patch mosaics using categorical data
obtained from Turkish General Directory of Forestry (GDF).
LULC patch mosaics are based on the dominant human
landuse and the dominant vegetation forms. Dominant tree
species are based on stand types distinguished on the
basis of crown closure, stand development stage and tree
species. From 295 stand types, 4 main land cover classes
www.ansinet.com
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Table 2: Terrain-based models created from DEM at 15 m resolution
Gradient surface
Description
Digital Elevation Model (DEM)
Based on a DEM derived from 15 m-interval contours on 1:25000 topographic maps. There are 6 classes: <100 m,
100-250 m, 250-350 m, 350-550 m, 550 m
Aspect (APT)
Compass direction that a topographic slope faces was derived from the DEM
The classes for aspect were: most mesic for aspects from 153-252°; xeric for aspects from 117-152° or from 253-297°;
mesic for aspects from 63-116° or from 298-342° and most mesic for aspects from 343-62°
Slope (SLP) degree
Percent slope was derived from the DEM. The ranges of the variables were divided into quarters representing classes from
most xeric to most mesic
The most xeric, xeric, mesic and most mesic classes of slope steepness were defined as >24, 16-24, 8-16 and <8°,
respectively
Topographic Wetness Index (TWI)
Based on Moore et al (1993a), accounts for the propensity of a site to be wet or dry. Positive values tend towards wetter
sites; negative values tend towards drier sites. For TWI, where the variable has values from 0 to 60, the range was divided
into quarters which represented 4 classes denoted as most xeric (i.e., TWI<5), xeric (i.e., TWI of 5-6), mesic (i.e., TWI
of 6-8.5) and most mesic (i.e., TWI >8.5)
How much direct sunlight hits an area (insolation) which is a function of aspect, slope, nearby topography,
landscape reflectivity and atmospheric effects. It calculated for all year, January and July
For SI, the range was divided into quarters which represented 4 classes denoted as very low, low, high and very high.
Solar Insolation (SI) kWh mG2
Landscape surface ratio
A special type of roughness measure describing how wrinkled a surface is, was calculated using the “Surface Areas
Topographic Roughness (TR)
and Ratios from Elevation Grid v.1.2,” created by Jenness Enterprises (Jenness, 2002). Flat surfaces present values close
to one, while with irregular surfaces, the ratio shows a curvilinear relationship which asymptotically approaches infinity
as the real area increases (Values range from 1 -1,4). There are 3 classes: <1.02, 1.02-1.08, >1.08
Slope Position (SP)
Based on Weiss’ algorithms on how extreme they are and by the slope at each point was classified by using TPI values
Jenness (2006). TPI values can easily be classified into slope position classes based on how extreme they are and by slope
at each point. There are 4 classes: canyon bottom, gentle slope, steep slope and ridge line
Landform category (LFORM)
Determined by classifying the landscape using 2 TPI grids at different scales (Weiss, 2001; Jenness, 2006). The
combination of Topographic Position Index (TPI) values from different scales suggest various landform types. There are
10 classes: Drainages (Deeply Incised Streams, Shallow Valleys Upland Drainages), V-shaped Valleys, Plains small,
Open slopes, Upper slopes, Ridges (Local Ridges, Midslope Ridges) and Mountain tops (or High Ridges)

Sampling design and data analysis: We selected 1046
sample locations at random all over the study area maintaining
a minimum distance of 500 m between sample points. Random
sampling technique is often used to eliminate spatial
dependency (Wagner and Fortin, 2005). Initial analysis was
made on correlations between LULC types and individual
topographic habitat variables.

Analyses for all topographic habitat characteristics with
all LULC classes: Firstly the relations between single
topographic habitat characteristics and LULC level 1 classes
were investigated, secondly more-dimensional relationships
were focused on by using LULC level 2 data (Table 1). The
analysis was performed using GIS summarizing and filtering
tools. All statistical analyses were conducted using SPSS
software.

Analysis of correlation between vegetation and landform
variables: THC and LULC variables were uniformly scaled to
calculate the statistical correlations between the response and
predictor. The only appropriate method to analyze correlations
is the contingency table for non-metric factor data, because the
LULC data is on the nominal scale. Due to this, the
topographic habitat characteristics were transferred into
nominal data. Therefore, classes were used instead of raw
values (Table 2). Presence/absence of all LULC types was
considered for each sample points.
Because of nonparametric tests’ distribution, normal
distribution of the population was not tested from which the
data are drawn. After variables were classified, the statistical
significance of the relationships between each THC and the
abundance of LULC types was determined using χ2
(Chi square) contingency tables (Steel and Torrie, 1980).
For analysis, χ2 contingency tables were built up for every
one of the LULC classes as shown in Table 1 and every
one of the THC, as shown in Table 2 to test the null hypothesis
of no connection between LULC types and terrain
attribute.
www.ansinet.com

RESULTS
Climatic factors such as temperature and rainfall are the
direct factors of a physiological influence on species but they
are not topographic variables (Austin and Smith, 1990).
Although the use of direct factors is preferable for predicting
biodiversity (Coblentz and Riitters, 2004), this kind of data
may not be available, particularly for large regions. Because of
this, in this study, the spatial differences of LULC based on
topographic parameters which were readily measured were
explored . DEM derived from measures of slope, aspect, TWI,
solar insolation, rugosity, slope position and landforms were
used to represent the climatic elements which are potentially
important for LULC and also vegetation distribution. The
distributions of topographic characteristics are presented in
Fig. 2, respectively.
Forest lands are the major land cover type, covering
56.6% of the study area; this was followed by crop cultivation
areas (20.3%) and semi natural areas (10.6%; Table 1). Most
(42.8%) of the total forest land are covered by mixed forest
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Fig. 2: Distributions of topographic habitat characteristics in the Kapidag Peninsula
coniferous forest in the study area, because it has been so
widely planted throughout the Mediterranean region.
Artificial surfaces and open spaces have little coverage.

land (Table 3). Oriental beech (Fagus sylvatica) and
Oak (Quercus sp.) forests are the most common deciduous
forest lands. Stone pine (Pinuspinea) are the most abundant
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Pinus pinaste
Pinus nigra
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Other mixed forest
Quercus spp., with F. orient and P. nigra
F. orientalis with T. tomentosa
F. orientalis with C. sativa
Quercus spp., with C. sativa
Non natural forest
Mix. semi-natural areas
Shrub and herb vegetation
Permanent crops
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Artificial water bodies
Discontinuous urban fabric
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Fig. 3: Associations between types of LULC and topographic characteristics
First of all elevation and LULC-level 2 types will be
discussed, because the elevation determines the distribution of
vegetation and is a typical characteristic of mountain regions.
The natural distribution of forests is sensitive to elevation
because of the physiological requirement of plant species. In
the peninsula, elevation ranged from 0-805.8 m. The
altitudinal ranges were categorized into five classes. The
elevation category of <100 m is the most dominant (36.3%),
followed by the altitudinal ranges of 100-250 m (30%). Only
about 13.8 and 14.0% of the areas are at the altitudinal range
of 250-350 and 350-550 m, respectively. The altitude higher
from 550 m has the lowest cover (5.9%). The overall Pearson
Chi-square revealed a significant association between LULC
and elevation, p<0.001. Therefore, it can be deduced that the
distribution of LULC is strongly correlated with elevation.
However, in detailed thematic scale (LULC level 2),
relationship is slightly more complex (Table 4). We can say
that the distribution of LULC types is related to elevation and

Chi-square test has been performed to test the homogeneity of
intraclass correlations of landcover classes and significant
difference was found between LULC in both classification
levels (p<0.0001).
To demonstrate whether the spatial distribution of LULC
types is associated with topographic characteristics, a
contingency table was built up and χ2 test was performed.
Chi-square was used to test the null hypothesis that the
disturbance of LULC in both classification levels on landscape
differ significantly from one another with respect to how well
they are linked We reject the null hypothesis of no association
and conclude that there is a relationship between LULC in
level 1 and THC (p<0.001). Again the relation between THC
and each LULC at the level 2 was assessed using cross
classification technique and Pearson’s Chi-squared test.
Figure 3 shows the deviations in frequencies observed with
regard to those estimated during the χ2 test and makes it
possible to reveal specific associations between types of
LULC and THC.
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Table 3: Frequency distribution of a LULC variables
Class level 1
Percentage
Deciduous forest

9.6

Coniferous forest

4.1

Mixed forest

42.8

Non natural forest
Semi natural areas

8.0
10.6

Agricultural areas

20.3

Artificial surface

3.6

Open spaces
Total

0.9
100.0

Class level 2
Fagus orientalis
Castanea sativa
Quercus spp.
Pinus brutia
Pinus pinaste
Pinus nigra
Quercus spp., mixed with Fagus orientalis and Pinus nigra
Fagus orientalis mixed with Castanea sativa
Fagus orientalis mixed with Tilia tomentosa
Quercus spp., mixed with Castanea sativa
Other mixed deciduous forest
Non natural forest
Shrub and herbaceous vegetation
Mixed semi-natural areas
Permanent crops
Crop cultivation
Discontinuous urban fabric
Artificial waterbodies
Open spaces with little or no vegetation

Table 4: Summary of the Pearson’s Chi-square test for categorical variables
Class level 1
Class level 2
χ2
DEM
Slope
Deciduous forest
Castanea sativa
Chi
182.163
15.239
P
0.000*
0.002*
Fagus orientalis
Chi
32.952
6.674
P
0.000*
0.083
Quercus spp.
Chi
78.765
35.103
P
0.000*
0.000*
Coniferous forest
Pinus brutia
Chi
8.589
5.799
P
0.072
0.122
Pinus pinaste
Chi
28.522
10.502
P
0.000*
0.015**
Pinus nigra
Chi
7.770
1.152
P
0.100
0.765
Mixed forest
Quercus spp., with
Chi
14.461
10.722
F. orient and P. nigra
P
0.006*
0.013**
F. orientalis with
Chi
37.979
7.914
C. sativa
P
0.000*
0.048**
F. orientalis with
Chi
10.564
16.853
Tilia tomentosa
P
0.032**
0.001*
Quercus spp., with
Chi
40.958
20.713
C. sativa
P
0.000*
0.000*
Others
Chi
46.057
30.587
P
0.000*
0.000*
Non natural forest
Non natural forest
Chi
61.593
23.403
P
0.000*
0.000*
Semi natural areas
Shrub and her. veg.
Chi
32.044
14.427
P
0.000*
0.002*
Mix. semi-natural
Chi
26.219
7.366
P
0.000*
0.061
Agricultural areas
Permanent crops
Chi
21.592
0.173
P
0.000*
0.982
Crop cultivation
Chi
171.200
142.937
P
0.000*
0.000*
Artificial surface
Urban fabric
Chi
100.546
132.740
P
0.000*
0.000*
Art. waterbodies
Chi
3.563
7.494
P
0.468
0.058
Open spaces
Open spaces
Chi
9.735
4.516
P
0.044**
0.211
*Significant level of 0.05, **Significant level of 0.01

Aspect
35.293
0.000*
5.496
0.139
1.126
0.771
2.523
0.471
7.806
0.050**
6.247
0.100
4.876
0.181
15.922
0.001*
4.131
0.248
9.927
0.019**
18.287
0.000*
8.430
0.038**
3.537
0.316
0.822
0.844
4.030
0.258
8.636
0.035**
49.303
0.000*
4.721
0.193
7.195
0.066

most of these relationships are statistically significant
(Table 4). This shows that elevation is controlled the
presence/absence of almost all LULC classes at level 2.
However, predictor variable “elevation” was not significantly
associated with coniferous forest Pinus brutia and Pinus nigra
and artificial water bodies at a significant level of 0.05. The
upper altitudes of the peninsula (>550 m) supports the
www.ansinet.com

TWI
SOL-January
14.368
31.468
0.002*
0.000*
1.755
11.775
0.625
0.008*
22.645
13.454
0.000*
0.004*
8.130
3.387
0.043**
0.336
2.888
8.586
0.409
0.035**
4.322
8.417
0.229
0.038**
18.350
3.537
0.000*
0.316
9.500
25.881
0.023**
0.000*
27.357
5.703
0.000*
0.127
16.707
12.744
0.001*
0.005*
43.144
31.547
0.000*
0.000*
17.629
18.596
0.001*
0.000*
2.999
8.866
0.392
0.031**
3.406
2.037
0.333
0.565
1.040
2.472
0.792
0.480
95.141
67.091
0.000*
0.000*
151.752
39.658
0.000*
0.000*
2.614
2.571
0.455
0.463
10.904
9.204
0.012**
0.027**

SOL-July
1.398
0.706
2.411
0.492
3.101
0.376
2.523
0.471
1.836
0.607
6.705
0.082
3.675
0.299
16.012
0.001*
21.171
0.000*
17.508
0.001*
47.253
0.000*
12.423
0.006*
13.152
0.004*
3.197
0.362
5.560
0.135
27.510
0.000*
45.303
0.000*
4.503
0.212
13.296
0.004*

Percentage
13.5
47.7
38.8
4.6
59.3
36.1
3.6
7.2
1.4
24.3
63.5
100.0
59.5
40.5
2.7
97.3
99.1
0.9
100.0

Rugosity
19.574
0.000*
5.945
0.051
30.971
0.000*
7.538
0.023**
5.041
0.080
10.999
0.004*
8.467
0.015**
5.565
0.062
12.642
0.002*
17.725
0.000*
34.100
0.000*
11.745
0.003*
5.891
0.053
1.093
0.579
0.560
0.756
116.576
0.000*
95.808
0.000*
3.412
0.182
0.932
0.628

Slope pos.
12.018
0.007*
13.341
0.004*
10.078
0.018**
1.152
0.765
8.308
0.040**
3.637
0.303
3.154
0.369
3.405
0.333
1.792
0.617
7.972
0.047**
30.789
0.000*
22.402
0.000*
10.440
0.015**
5.185
0.159
0.621
0.892
104.741
0.000*
181.711
0.000*
8.656
0.034**
6.477
0.091

Percentage
1.3
4.6
3.7
0.2
2.5
1.5
1.5
3.1
0.6
10.4
27.2
8.0
6.3
4.3
0.6
19.7
3.6
0.0
0.9
100.0

Landform
22.408
0.001*
14.723
0.023**
16.135
0.013**
14.764
0.022**
9.620
0.142
6.436
0.376
9.674
0.139
13.871
0.031**
4.062
0.668
21.990
0.001*
34.732
0.000*
32.739
0.000*
38.202
0.000*
17.430
0.008*
4.855
0.563
107.668
0.000*
188.489
0.000*
11.094
0.086
11.331
0.079

optimum distribution of Fagus orientalis, because this
altitudinal range is characterized by northerly winds all year
round and byan increase in cloudiness with altitude and annual
rainfall maximum. For example, as seen on Fig. 3, 52.4% of
Fagus orientalis prefer altitude higher than 550 m, compared
to 20% of Quercus spp. And 4.3 % of Castanea sativa prefer
this altitude. Fagus orientalis were almost twice as likely to
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prefer the highest altitude in the peninsula. A strong positive
change in proportional abundance of Fagus orientalis was
found with increasing elevation (Fig. 3). For the rest of the
LULC types, the proportional area they occupy decreases with
higher elevations. The proportion of anthropogenic land covers
becomes higher with declining elevations (Fig. 3).
Slope is another important predictor variable. In the area,
it ranges from 0- 45°. The slope category of range of 16-24° is
the most dominant (31.3%), followed by the slope lower than
8° (25.1%). About 24.5 and 19.2% of the areas are at the slope
range of 8-16 and >24°, respectively (Fig. 2). All LULC
categories exhibited more or less ball-shaped distributions
along the slope categories (Fig. 3). Slope was significantly
associated with deciduous forest Castanea sativa and Quercus
spp., coniferous forest Pinus pinaster, all type of mixed
forests, non natural forest and shrublands at a significant level
of 0.01 and with crop cultivation and urban fabrics at a
significant level of 0.05 (Table 4). A decrease in the relative
abundance of coniferous forest, shruplands and anthropogenic
land covers (Urban fabric, water bodies, crop cultivation) can
be observed with increased slope angle. Moreover, an increase
in the relative abundance of mixed forests can be observed
with increased slope angle, except for oriental beech trees
mixed with chestnut trees (Fig. 3). Steeper topographic
features are not suitable for crop production due to
inaccessibility and fragility of the land. Because of this, the
high proportion of crop cultivation and the low forest cover on
gentle slopes are apparently the results of anthropogenic
activities. Two groups of land cover classes, namely
agriculture and discontinuous urban fabric, were mainly found
at gentle slopes (<8°) while shrubland and forest lands had
their dominant existence at steeper slopes. But in the
peninsula, as it is also revealed by the results shown in Fig. 3,
there are steep slopes which are used for permanent crop due
to scarcity of land. Shortly, steeper slopes favor the survival of
forests.
The topographic variable aspect influences parameters
such as exposure to sunlight, drying winds and
evapo-transpiration. Therefore, aspect has implications to
physiological and ecological requirements of the species.
Several studies have been done to show the effect of aspect
on separation of plant communities (McNab et al., 1999;
Ozel, 1999; Zhang et al., 2006; Oner, 2010). In the study, an
aspect map of the peninsula was produced showing four
thematic categories (Table 2). Mesic aspect is the most
dominant (31.12%), followed by the most xeric (25.13%) and
xeric (24.54%) aspects. Most mesic aspects has the lowest
cover (19,21%). There is significant difference between LULC
level 1 in terms of which type of aspect they are on (p<0.001).
In detailed thematic scale (level 2), an association between
aspect and Castanea sativa, Fagus orientalis mixed with
Castanea sativa and urban fabric are found, p<0.001 and also
an association between aspect and Pinus pinaster, Quercus
species mixed with Castanea sativa, non natural forest and
crop cultivation are found, p<0.05 (Table 4). It can be
hypothesized that presence/absence of the Castanea sativa and
www.ansinet.com

Fagus orientalis forests are controlled by aspect, more than
another type of LULC. 42% of Fagus orientalis prefers most
mesic aspects and 48% of Castanea sativa and 42% of
Quercus spp. species mixed with Castanea sativa prefer mesic
aspects. The 40% of Pinus pinaster prefers xeric aspects.
Most of the deciduous forest follows the normal pattern in the
region, preferring mesic aspects. The agricultural land cover
class peaks in the most xeric aspects while the highest
occurrence of permanent crop is recorded in the xeric aspects.
The differences between mesic and xeric aspects could be
because of water availability which cannot be explained by
differential insolation. Mesic slopes have little sunlight and
tend to be cooler than the south, where sun is predominantly
shining. Species on the southern slopes are relatively more
adapted to evaporation, hot and dry conditions while species
on the north and northwest facing slopes need more water and
cooler conditions. This knowledge could be instrumental in
future efforts of species selection for plantation development
in the study area.
The TWI indicates locations where water flows
gravitationally down, ensuring higher surface wetness. The
TWI has been used to characterize biological processes such
as forest site quality, annual production and vegetation patterns
(Moore et al., 1993b; White and Running, 1994). TWI has
been useful for predicting the spatial distribution of species
richness (Zinko et al., 2005; Sorensen et al., 2006). In the
study, a TWI map of the peninsula was produced showing four
thematic categories (Table 2). Mesic aspect is the most
dominant (46.3%), followed by the xeric (34.6%) and most
xeric (13.4%). Most mesic surface has little coverage with
5,7% (Fig. 3). TWI control presence/absence of some LULC
classes but not all of them (Table 4). An association between
TWI and Castanea sativa, Quercus spp., Quercus spp. mixed
with Fagus orientalis and Pinus nigra, Fagus orientalis mixed
with Tiliato mentosa, Quercus spp. mixed with Castanea
sativa, other mixed forest, non natural forest, crop cultivation
was found at a significant level of 0.01; with Pinus brutia and
Fagus orientalis mixed with Castanea sativa at a significant
level of 0.05. Presence/absence of the most of the deciduous
forests was controlled by TWI.
Topography creates spatial variability of insolation which
in turn generates variation in microclimate conditions such as
temperature, humidity, snow cover and soil moisture. In
mountainous regions; altitudinal gradients in temperature are
also significant controls on LULC patterns (Hoersch et al.,
2002; Deng et al., 2007a). We calculated the solar insolation
for summer and winter by using DEM. Summer insolation is
controlled by the presence/absence of the LULC classes more
than winter insolation (Table 3). An association between
Castanea sativa, Fagus orientalis and Quercus spp. mixed
with Castanea sativa and Fagus orientalis mixed with
Castanea sativa and July insolation is statistically significant
at the level of 0.01. Conifer forest Pinus pinaster and Pinus
nigra and also shruplands area associated with July insolation
at the level of 0.05. More than these LULC types, July
insolation controlled the presence/absence of the Urbanfabric.
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When winter insolation was examined, only Fagus orientalis
mixed with Castanea sativa, Quercus spp. mixed with
Castanea sativa, non natural forest, shrupland, crop cultivation
and urban fabric had association. About 84% of the
discontinuous urban fabric prefers very high solar insolation
during the summer (Fig. 3) and 79% of it prefers high solar
insolation in winter times. This means that sunny aspects are
chosen for urbanization. It can be said that correlation between
presence or absence of most of the LULC and the winter
insolation is not perfect. Shortly, un-vegetated surfaces
increase and vegetated surfaces decrease with potential daily
short wave radiation (Fig. 3). It can be said that aspect is a
poor indicator of received radiation because of the complex
topography in the peninsula.
Rugosity, one of the topographic parameters of the
landscape, can be readily measured from digital terrain data
and in many settings they influence the distribution of
landcover and landcover diversity (Coblentz and Riitters,
2004; Coblentz and Keating, 2008; Istanbulluoglu et al.,
2008). In the study, landscape rugosity refers to the
unevenness of the earth’s surface due to topography. Rugosity
may be defined as the roughness of the physical structure of
the peninsula surface. According to Chrysoulakis et al. (2004),
rugosity affects transport of hydrometeorological fluxes
between land surface and the atmosphere, as well as below the
surface, i.e. infiltration and water movement. Because of this,
rugosity controls presence/absence of the non natural areas
like urban fabric, crop cultivation and non natural forest areas
(Table 4). Also, rugosity is associated with Quercus spp.
mixed with Castanea sativa, Pinus nigra, Quercus spp. and
Castanea sativa at of the level of 0.01 but with Pinus brutia
and Quercus spp. mixed with Fagus orientalis and Pinus nigra
at of the level of 0.05. It demonstrates that there is a strong
spatial correlation between areas of high topographic
roughness and Fagus orientalis mixed with Tiliato mentosa
(83%), Quercus spp. mixed with Castanea sativa and Pinus
nigra (63%), Quercus spp. (51%), Quercus spp. mixed with
Castanea sativa (47%) and Fagus orientalis mixed with
Castanea sativa (42%). The 68% of Pinus nigra and 100% of
the Pinus brutia prefer middle rugosity (Fig. 3). In the absence
of data on habitat types, rugosity could be a useful surrogate
for this habitats. Lower rugosity supports mainly crop
cultivation and discontinuous urban fabric. About 91% of the
discontinuous urban fabric and 71% of crop cultivation have
been shown to be related to low rugosity. We find that there is
a noticeable relationship between organization of some LULC
types in the peninsula and the topographic roughness.
Slope position was classified as canyon bottom, gentle
slope, steep slope and ridgeline. Steep slopes are the most
dominant (41.4%), followed by the ridgeline (21.9%), canyon
bottom (19.6%) and gentle slopes with 17.70% (Fig. 2).
Castanea sativa, Fagus orientalis and crop cultivation are
highly associated with slope position (p<0.001; Table 4). The
47 and 43% of Castanea sativa prefers respectively steep
slopes and canyon bottoms. The 57% of Fagus orientalis have
been shown on steep slopes and 47 and 43% of crop
cultivation have been shown on the steep slopes and gentle
www.ansinet.com

slope (Fig. 3). Relationship with Quercus spp., Pinus pinaster,
Quercus spp. mixed with Castanea sativa, shrub and her. veg.
and artificial water bodies was found at a significant level of
0.01.
Terrain attributes were yielded in eight landforms.
Figure 2 shows the spatial distribution of landforms. A
Chi-square test result indicates the association of spatial
distribution of LULC types and landforms (p<0,001).
Landforms are controlled by the presence/absence of almost
all of the LULC classes (Fig. 3). Predictor variable
“landform” was highly associated with Castanea sativa,
Quercus spp. mixed with Castanea sativa, other mixed forests,
non natural forests, all semi natural areas, crop cultivation,
urban fabrics (p<0.001, Table 4). Also, an association
between landforms and all type of deciduous forests, all
type of semi natural areas, crop cultivation, Pinus brutia,
Fagus orientalis mixed with Castanea sativa, Quercus spp.
mixed with Castanea sativa, other mixed forests, urban fabric
are found, p<0.05. For example, 60% of the urban fabrics are
on the plains; 68% of the crop cultivation are on the plains and
open slopes. The 65% of the Castanea sativa areas are on the
rivers and open slopes (Fig. 3). These trees grow where the
soil moisture is very high (Atalay, 1992).
DISCUSSION
This study highlights the relationship between the
topographic parameters and the spatial distribution of different
LULC types in the Kapidag Peninsula. Elevation, slope,
aspect, TWI, solar insolation, rugosity, slope position and
landform index, that quantify topographic shape and
protection, were used to represent the climatic elements and to
distinguish landforms and predict ecosystem distribution on
the Kapidag Peninsula. In this study, the hypothesis that
topographic parameters exert an important control on the
spatial LULC distribution was tested.
The spatial analyses of land cover in relation to
environmental variables indicated the overall situation of the
peninsula. A Chi-square test result demonstrates the
association of spatial distribution of LULC types and the
landform parameters (elevation, slope, aspect, radiation, etc.).
In a general perspective, the spatial distribution of LULC of
Kapidag Peninsula is affected by the THC. Different terrain
characteristics have different roles on LULC distribution. For
example, different landover classes concentrate on different
aspects.
When it is examined in detail, tree species’ abundance and
distribution patterns in the peninsula are correlated with terrain
characteristics and indirectly, climate and also potential soil
moisture gradients. All of the THC significantly predict
species abundance or composition. It depends on the
ecophysiological tolerance of tree species to drought
(Linton et al., 1998). Species (Pinus brutia, Pinus pinaster,
etc.) tolerant of drought dominate lower elevations while more
mesophytic species (Fagus orientalis, Castanea sativa, etc.)
dominate moist, high elevation sites. Studies on tree species
water relations in the peninsula could provide a mechanistic
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explanation for the observed abundance and distribution
patterns of vegetation in peninsula. This study also indicated
that forest ecosystem is found in the high altitude and steep
areas of the peninsula. Generally, agriculture is scarce on
gentle terrain while forest lands develop preferentially on high
and steep terrain. However, other influence factors have to be
kept in mind, especially the human factor. This factor cause
diverse spatial patterns, being somehow different from a
natural pattern. Although, there is no spatially explicit
information on the human dimension, THC derived from a
DEM are capable of explaining a great amount of the spatial
variability of LULC alliances within the study area, because
relationships between almost all LULC classes and THC are
found statistically significant at the level of 0.01. Major
anthropogenic activities (crop cultivation and urbanization) are
dominantly undertaken on the gentle slopes, low altitudes,
southern slopes, plains. Major ecosystem on this area has
changed by human activities and natural ecosystems are
turning into crop cultivation and other human activities.
The study of LULC distribution cannot be easily
explained by the results of this study, because of that there are
many added elements of complexity, changes in landuse
practices, site productivity and soil composition, etc.
Prediction of distribution based on site variables works well
for some LULC classes and is more difficult for others, in the
area. Local scale interactions affected some LULC
distributions more strongly than others. However, present
results compared to those of other studies, ultimately influence
which species are found at a specific site within the peninsula.
Oner (2010) studied forest composition in the same area,
comparing elevation, aspect, slope and landform with species
composition. The results of this study also found elevation to
be a significant predictor (Oner, 2010). Oner (2010) found that
Fagus orientalis and Castanea sativa are most concentrated on
northerly aspects. However, they state that Pinusbrutia Ten.
and shruplands are most concentrated on southerly aspects.
Also, Sonmez (2001) found similar results. Our study found
that basal area and density of Fagus orientalis was most
concentrated on most mesic, it means northeast aspects,
Pinus brutia Ten. And shruplands basal area and density
was most concentrated on Xeric-southwest aspects.
Also, Oner (2010) gives some information about
species’geomorphological choice. For example Oner (2010)
found that Fagus orientalis distribution was most concentrated
in steep cliff areas, similar to our findings. Like our study,
Oner (2010) and Sonmez (2001) also note that human impacts,
such as fire suppression and population growth, are affecting
forest composition and intense human pressure should be
considered. Like our study, some species followed clear
distribution patterns, such as Fagus orientalis and Castanea
sativa, while other species, such as Pinus brutia Ten.,
appeared to be randomly distributed with preposition certain
attributes. Similar with present study, Alemdag (1963) and
Atalay (1992), also indicate that Fagus orientalis are mostly
above 500 m where the fog and precipitation increase.
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The results also showed that GIS is effective in
monitoring the overall status and analyzing land cover patterns
as a function of environmental parameters such as elevation,
slope and aspect. On the other hand, different habitat
association test methods may produce different results. In this
study, results show that contingency tables are useful methods
to quantify the potential of topographic characteristics for the
indication of LULC distribution.
This study can be used as a basis of information for
further identification of different wildlife habitats, ecological
conditions and biodiversity conservation and management.
The land cover information existing in the peninsula helps to
develop the carrying capacity of the important species. Results
also show that the impact of topography on the spatial LULC
patterns must be analyzed, because of that topography has a
main control in most landscapes to understand the
heterogeneous spatial distribution of LULC. Detection of
different environmental parameters might also help to know,
plan and create a diversity of habitats available to plant species
and contribute to overall increase of the species diversity.
Therefore, conservation sites and management units in the
Kapidag Peninsula can be identified and mapped with the help
of GIS to set up development and management strategies in
relation to environmental parameters preferred by the
respective wildlife.
The nature of this study results in some limitations on the
accuracy of our data. While values for DEM reflect how shady
sites are due to topography, they do not reflect shade created
by the forest canopy. In addition, incident radiation values
derived from McCune and Keon (2002) equations reflect the
amount of radiation at a site without a canopy cover.
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