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Abstract

Fragmentation of forest habitats is an environmental challenge that is often caused
by unsuitable forest management applications and socioeconomic reasons. Habitat
fragmentation is considered as one of the most important causes of biodiversity loss.
Establishing tree corridors using silvicultural approaches has shown to be beneficial
for ecosystem restoration efforts. Various fragmentation and corridor analyses sup-
ported by remote sensing, geographic information systems and mapping of habitats
in the field are now frequently used to determine the fragmentation status of forests
and to create the most suitable corridors. In this study, the fragmentation status of all
forest habitats within the boundaries of Cankiri State Forest Enterprise (CSFE) located
in the north-central region of Turkey was determined, and opportunities to improve
connections between fragmented forest clusters with the corridor approach were
explored. We used the Graphical User Interface for the Description of Image Objects
and their Shapes (GUIDOS) Version 3.0 for fragmentation analysis and corridor for-
mation tests, structural assessment, network, and component-connection analyses.
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We found that forest area increased by +23% within the last 30 years, but habitat
fragmentation was identified in nearly all forest textures. One of the reasons were
afforestation activities, that did not consider the principles of landscape ecology. If
the recommendations proposed here are implemented, will help ensure long-term
sustainable management in light of landscape ecology principles for forests with dif-
ferent fragmentation conditions, not just in the study area but also in different regi-
ons of Turkey with similar environmental conditions.

Zusammenfassung

Die Fragmentierung von Lebensrdaumen in Waldern ist eine 6kologische Heraus-
forderung, die oft durch ungeeignete Waldbewirtschaftung und sozio6konomische
Griinde verursacht wird. Fragmentierung von Lebensrdaumen gilt als eine der Haupt-
ursachen fiir den Riickgang der biologischen Vielfalt. Schaffung von Baumkorridoren
mittels geeigneter waldbaulicher Techniken kann bei der Renaturierung von Okosys-
temen helfen. Verschiedenste Fragmentierungs- und Korridoranalysen, unterstiitzt
durch Fernerkundung, Geoinformationssysteme und Feldkartierung von Lebens-
raumen, werden hdufig eingesetzt, um den Fragmentierungsstatus von Waldern zu
quantifizieren und die am besten geeigneten Korridore zu schaffen. In dieser Studie
wurde der Fragmentierungsstatus aller Waldlebensrdaume innerhalb der Grenzen
des Cankiri State Forest Enterprise (CSFE) im nordlichen Zentrum der Tirkei ermittelt
und Mdoglichkeiten zur Starkung der Konnektivitat fragmentierter Waldgebiete ge-
testet. Wir verwendeten das Graphical User Interface for the Description of Image
Objects and their Shapes (GUIDOS) Version 3.0 fur die Fragmentierungsanalyse, die
Korridorbildungstests sowie die Strukturbewertung, Netzwerk- und Komponenten-
verbindungsanalysen. Die Waldflache hat in den letzten 30 Jahren um etwa +23 %
zugenommen, dennoch wurde in fast allen Waldstrukturen eine Fragmentierung der
Lebensraume festgestellt. Einer der Hauptgriinde dafiir waren eine fehlerhafte Auf-
forstung, bei der die Grundsatze der Landschaftsokologie nicht beachtet wurden.
Eine Umsetzung der hier vorgeschlagenen Empfehlungen kann helfen, eine lang-
fristige, nachhaltige Bewirtschaftung unter Berlicksichtigung der Grundsatze der
Landschaftsokologie fir Walder mit unterschiedlichen Fragmentierungsbedingun-
gen sicherzustellen, nicht nur im Untersuchungsgebiet, sondern auch in verschiede-
nen Regionen der Tirkei mit ahnlichen Umweltbedingungen.

1 Introduction

Habitat fragmentation can be defined as transforming the original habitat into a dif-
ferent habitat matrix comprising small isolated patches (Wilcove et al., 1986). Many
studies proposed that habitat fragmentation is one of the important leading causes
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of biodiversity loss (Bascompte et al., 2002; Fahrig, 2002; Hanski, 2005). This is linked
to the misconception that partial fragmentation involves separation and living area/
habitat loss (Fahrig, 2003). Several studies about habitat fragmentation to date focus-
sed on the ecological outcomes faced by organisms living in patches/land fragments
emerging linked to the change in many land use forms (MacArthur and Wilson, 1967;
Collingham and Huntley, 2013).

The fragmentation of forest ecosystems is often caused by inadequate forest manage-
ment techniques and some socioeconomic issues (Sharma and Roy, 2007; Riitters et
al., 2002). Fragmentation often occurs due to urbanization, agriculture, deforestation
for timber, land clearing, or natural causes like topographical and/or climatic condi-
tions (snow and ice), fire, insects (Coops et al., 2006), or invasion of non-forest plant
species (Forman and Collinge, 1995; Babbar et al., 2020). This causes a reduction in
the forest area and the quality of the habitat (Carranza et al., 2015; Sahana et al., 2015;
Batar et al., 2017). According to Wulder et al., 2009, the fragmentation of forests may
cause irreversible destruction of biotic life due to genetic bottlenecks and abiotic ele-
ments within these ecosystems in the long term (Fischer and Lindenmayer, 2007). So,
the deforestation of forests due to fragmentation is accepted as one of the primary
causes of reduced terrestrial biodiversity (Long et al., 2010; Mengist et al., 2022).

Studying forest habitat fragmentation with a comprehensive approach - including
its structure, function, and evolution - is a crucial part of the forest landscape ma-
nagement approaches and applications (Kerr and Ostrovsky, 2003; Linke et al., 2006;
Rose et al., 2014). It represents the most visible dynamic aspect of forest stand evolu-
tion (Long et al., 2010), that is a basic element of forest landscape change patterns at
stand level in space and time (Innes and Koch, 1998; Healey et al., 2018) and that can
be modeled using integrated techniques of remote sensing and geographic informa-
tion systems at different scales, from local to regional (Newton et al., 2009; Healey et
al., 2018).

Forest fragmentation can be studied using a combination of comprehensive forest
change analyses and time series of forest cover maps (Mengist et al., 2022). In order
to carry out fragmentation and corridor analysis, raw data such as satellite images or
aerial photographs (Harper et al., 2007) to be taken from two or more different time
series belonging to the study area, as well as processed data such as stand maps,
habitat maps, land use maps can be used as a baseline (Gergel, 2006). However, geo-
statistical techniques and software tools enabled the generation of large volumes of
new data from satellite imagery archives (Olariu et al., 2022). The structural pattern
of a landscape comprises three elements of matrix, patch, and corridor. Matrix is bro-
ad areas formed by similar ecosystems or vegetation types. Corridors are defined as
narrow lands. Patches are land surfaces that are non-linear and have different appea-
rances than surrounding land (Weiers et al., 2004). Patches may display differences
in terms of location, size, shape, type, and boundary features; and their structures
are very important in terms of the continuity of function and quality offered to eco-
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systems (Theobald et al., 2011). Forest clusters linked by corridors have preserved
genetic diversity, and in this way, the survival capacity and sustainability of species
increases. Providing connections between forest clusters, or strengthening existing
connections has shown to be effective in ecology and land use management (Areen-
dran et al., 2020). The size and shape of forest fragments, the interior area contained
within their boundaries, and available corridor systems are assessment criteria used
for the status of forest habitats (Richard, 2011).

Biological corridors, which are developed as an alternative solution to the fragmen-
tation problem, strengthen the interaction between forest fragments (Forman and
Godron, 1986; Sharma and Roy, 2007). Biological corridors are forest clusters that en-
sure the integrity between forest fragments, and they have a significant potential to
contribute to ecological and economic sustainability in forest ecosystems (Myroniuk
et al., 2020). Studying the fragmentation patterns will provide the foundation know-
ledge for management strategies. When creating or strengthening corridors, affores-
tation processes should begin after considering the topography, hydrological and
soil characteristics, and the current threats to the area. It is important to thoroughly
consider these factors to better support the policy and decision-making processes in
forest management (Myroniuk et al., 2020; Mengist et al., 2022).

In this study, we attempt to guide forest managers by highlighting that fragmenta-
tion and corridor analyses can be used as tools in the management of forest fragmen-
tation problems. Within the scope of this research, the fragmentation status, causes,
and priorities of forest habitats in the study area were identified, and solution pro-
posals were developed about creating integrated forest textures with the corridor/
connectivity approach.

2 Materials and methods
2.1 Study area

The study area in this research comprised Cankiri State Forest Enterprise (CSFE) loca-
ted from 40° 30" and 41° 00’ north latitude and 32° 30" and 34° 00’ east longitude in
north-central Turkey (Figure 1). A continental inland climate is found throughout the
study area. Winters are harsh and cold and summers are hot and dry. Precipitation
happens as snow in winter, with an annual precipitation sum of between 397-410
millimeters. The temperature range between +42 °C and -25 °C. In the study area,
there are five types of large soil groups: alluvial, colluvial, chestnut-colored, brown fo-
rest, and non-calcareous brown forest soils. The soils in the region composed of many
bare mountains and plateaus are under the threat of severe erosion. In consequence
the study area cannot be cultivated as pasture.
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The habitat fragmentation status of the forest habitats within the boundaries of this
study area was determined to test the connectivity between fragmented forest clus-
ters using the corridor approach.
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Figure 1: Location map of the study area.

Abbildung 1: Lage des Untersuchungsgebiets.

The study area, with a total size of 458,877 hectares, generally contains forests co-
vering 76,206.9 hectares. The dominant vegetation of the study area is composed of
forest trees such as larch, yellow pine, juniper, spruce, and fir, and fruit-bearing trees
such as pear and dogwood. Conifer species occur in typically zoned belts with Pinus
nigra found between 1100-1400 m, Pinus sylvestris between 1300-1700 m and Abies
nordmanniana subsp. equi-trojani is located between 1500-1900 m above sea level.
43,256.8 hectares are productive forests and 32,950.1 hectares are forests with degra-
ded quality. The forests experienced habitat degradation at varying degree in recent
years linked to demands for different land uses by humans including road expansion,
establishing agricultural areas, creation of settlement areas, development of mining
sites, and dam construction. This situation carries a risk of disrupting the long-term
sustainable use of forest assets (Sharma and Roy, 2007). It can cause quantitative and
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qualitative disruption of habitat quality to be experienced within wildlife manage-
ment (Srivastava and Tyagi, 2016). For example, in a wildlife survey covering the years
2016-2017 specific to the study area done by Cankiri Branch Office of Nature Conser-
vation and National Parks, 16 large mammal species were found to live in this area. It
was also observed that 12 of them were directly exposed to death or injury cases as a
result of traffic accidents during 2015-19 years on highways, which is an indicator of
habitat fragmentation in the region (Gliven, 2019).

2.2 Data

In the first stage, the basic topographic maps including information like slope, aspect,
and elevation of the study area were prepared with the ArcGIS 10.5 program. Then,
the Coordination of Information on the Environment (CORINE) land cover data was
used with the aim of identifying the temporal variation in forest assets and other land
use in the study area by comparing data from 1990, 2000, 2006, and 2018. According
to CORINE and European Environment Agency (EEA), land cover/use classification,
and land cover/use data were produced with the visual interpretation method sup-
ported by a computer on the satellite images. According to EEA criteria and classifica-
tion units (44 classes), variations in land cover/use observed on satellite images were
identified with the aid of remote sensing and geographical information systems (GIS).

With the aim of investigating the current forest assets and revealing other habitat
types in the study area, the current stand map for 2018 belonging to CSFE was used
to prepare a European Union Nature Information System (EUNIS) habitat map. EUNIS
defines habitat types in Europe and is a system to classify these habitats (EEA, 2021).
The classification area is very large and is a habitat classification type accepted at a
regional scale encompassing all land units and seas in Europe.

2.3 Methods

First of all, in order to determine the approximately 30-year areal change in both fo-
rest cover and all other habitat types, the areal data from CORINE and EUNIS for the
years 1990 and 2018 were examined in terms of percentage change (Eq. 1).

Change between 1990 and 2018 = (Area 2018 - Area 1990)/ Area 1990

Then, for specific fragmentation analyses and corridor creation tests specific to forest
habitats, structural assessment, network, and component-connection analyses were
applied using the Graphical User Interface for the Description of image Objects and
their Shapes (GUIDOS-Version 3.0) software program based on the ArcGIS program.
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This program was developed by the European Commission Joint Research Centre,
Institute for Environment and Sustainability.

GuidosToolbox actually contains a wide variety of generic raster image processing
routines which include free software. These tools are based on geometric principles
and can thus be applied at any scale and to any kind of raster data (Soille and Vogt,
2009; Vogt and Riitters, 2017). With the aid of this program, fragmentation analysis
was performed for the study area in the first stage. The foreground area density (FAD)
was analyzed on 5 separate observation scales in 6 classes for forest fragmentation
in the GUIDOS software. These fragmentation classes were intact, interior, dominant,
transitional, patchy, and rare. The rare class includes rare patches between fragmen-
ted forests, while the patch class involves scattered forest patches without clustering.
The transitional class represents forest patches undergoing habitat change, while the
dominant class involves the most frequently encountered forest patches in fragmen-
ted habitats. The interior class includes areas with a core of a certain size showing
central features, while intact areas are forests with no change as a result of fragmen-
tation (Giilgin, 2020).

GuidosToolbox includes morphological spatial pattern analysis (MSPA) which is a cus-
tomized sequence for analyzing the connectivity of the image components. MSPA is
based on mathematical morphology concepts and defines a single land cover map
of the spatial relationships between land classes forming centers and connections
(Soille and Vogt, 2009). To identify the center (core area) and connections (corridors)
for MSPA, a range of image processing programs are used. Each forest pixel area in
the input data only represents one geometric class (Vogt and Riitters, 2017).

In order to perform more advanced analyses using graphic-theory applications,
MSPA analysis results are converted to network analyses. The components in network
analyses comprise core and corridor areas. With this analysis, only a few components
are present in the area. Area sizes for the core and corridors comprising these com-
ponents were determined.

Then, component sensitivity analysis (connectivity importance) was used to calculate
the ranked importance (sensitivity) of connectivity for each core and corridor area lo-
cated in the study area. The connectivity importance was calculated with the related
equations in the GUIDOS program (Saura and Rubio, 2010).

The map of the target area in the GUIDOS program was uploaded as 8-bit geotiff
(raster). This map had 2 data classes foreground and background. Foreground data
included forest areas, while background data included regions outside of the forest
area. The forest polygons on these maps were converted to 30x30 resolution raster
data with ArcMap and then assigned values of 2 bytes for the foreground data class
and 1 byte for the background data class.



Seite 128 Okan Urker, Alkan Gunli, Murat Ataol

Program parameters comprised 4 basic variables.

Variable 1 - Foreground Data Connectivity: For foreground data (forest area), connec-
tions were assumed based on diagonal or lateral faces in 3x3 adjacent pixels. In
this way, the areas between two fragments were classified as corridors instead of
areas with a high threat of destruction.

Variable 2 — Margin width: This is used to determine the widths of areas that are not
core areas. The margin width is determined by the pixel size of the map and the
selected pixel numbers. In the program, the margin width was chosen as 4 pixels;
in other words, 20 m.

Variable 3 — Transition areas: Transition areas are regions where interior or exterior
margins intersect with corridors and where interior corridors intersect with core
areas. This variable along with margin and interior margins represents closed
boundaries.

Variable 4 - Intext: This variable ensures the differentiation of interior and exterior sha-
pes.

After producing spatial data, more specific fragmentation analyses and corridor for-
mation tests were begun unambiguously for forest habitats. To begin with, current
fragmentation definitions are only descriptive, and as a result, quantifying the de-
gree or changes in fragmentation for a given image is impossible (Vogt and Ritters,
2017). To quantify fragmentation, the foreground area density (FAD) approach was
used from the fragmentation analyses in GUIDOS. FAD is calculated by measuring
foreground density (P2) over five observation scales using a moving window analysis
and foreground masking with square neighborhood areas of length 7, 13, 27, 81, and
243 pixels (Riitters et al., 2002, 2012a, 2012b).

Following the fragmentation analyses, Corridor-Connectivity Analyses of MSPA have
been performed: MSPA statistics window displays basic statistics for seven funda-
mental MSPA foreground, missing, background, opening classes, etc. The left column
of the table displays the percentage that equals the number of class pixels per foreg-
round area and per data area. The frequency equals the number of unique objects
of the given class and, where applicable, the area equals the number of background
pixels covered as shown in the right column.
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Table 1: Area by land cover types from CORINE land cover from years 1990, 2000, 2006 and 2018 and the
percent changes in area between 1990 and 2018.

Tabelle 1: Flache der Bodenbedeckung aus CORINE Landbedeckung fir die Jahre 1990, 2000, 2006
und 2018 sowie die prozentuelle Anderung der Fliche zwischen 1990 und 2018.

Area Change in
Code Description 1990 A“z::)"““ zooAsri;a) A”(‘t‘l:)‘"s % bethrean
(ha) 1990-2018
111 Continuous urban fabric 43 43 117 117 +171
112 Discontinuous urban fabric 2750 2750 2752 3044 +11
121 Industrial or commercial units 305 451 425 750 + 146
Road and rail networks and
128 associated land 70 0 0 30 -57
133 Construction sites 0 0 51 26 +26
141 Green urban areas 0 0 34 34 +34
211 Non-irrigated arable land 107691 108471 103659 110799 +3
212 Permanently irrigated land 31996 31970 32094 26865 -16
213 Rice fields 6760 6810 6799 7138 +6
221 Vineyards 280 280 0 0 -100
222 Fruit trees and berry plantations 48 48 186 186 +287
231 Pastures 7542 6585 7538 5365 -29
242 Complex cultivation patterns 22053 22080 19423 18988 -14
Land principally occupied by
243 agriculture with significant areas of 61942 61740 57948 55645
natural vegetation -10
311 Broad-leaved forest 1070 738 489 518 -52
312 Coniferous forest 18952 19898 21988 22277 +18
313 Mixed forest 1655 2003 949 838 -49
321 Natural grasslands 92136 92364 101958 104446 +13
324 Transitional woodland-shrub 19913 18950 21145 27529 +38
331 Beaches dunes sands 1815 1803 1527 1400 -23
332 Bare rocks 20983 20983 19019 9226 -56
333 Sparsely vegetated arcas 61902 61902 62084 64474 +4
411 Inland marshes 1111 1111 841 840 -24
Bl Water courses 992 977 963 853 -14
512 Water bodies 216 268 236 839 +289
TOTAL 462225 462225 462225 462225 0
3 Results

With the aim of testing temporal change of the forestry assets and other land use
features in the study area, CORINE satellite images were used with distribution maps
prepared for land cover classes for the years 1990, 2000, 2006, and the most up-to-
date data from 2018. Then the variations in land cover classes were tested for the
periods 1990-2000, 2000-2006, and 2006-2018 with the aim of periodically observing
changes to the land use structure during this time (Table 1).

Finally, all these changes observed in land cover from 1990-2018 were summarized
and investigated in depth specific to the existence of forests (Figure 2, Table 2).
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Table 2: Comparison of 1990-2018 forest area based on CORINE land cover.

Okan Urker, Alkan Gunli, Murat Ataol

Tabelle 2: Vergleich der Waldflachen 1990-2018 auf der Grundlage der CORINE Landbedeckung.

Change in % between 1990

Code Area 1990 (ha) Area 2018 (ha) and 2018
311 (Broadleaf forests) 1070 518 52

312 (Coniferous forests) 18952 22277 +18

313 (Mixed forests) 1655 838 49

3‘[201 . )(Transmonal 19913 27529 s
AL 41590 51162 e
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Figure 2: Changes of forest area in the study area based on CORINE land cover for 1990 (a) and 2018 (b).

Figure 2: Verédnderung der Waldfldiche im Untersuchungsgebiet unter Verwendung von CORINE
Landbedeckungskarten fiir 1990 (a) und 2018 (b).
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As CORINE data only contains 44 classes for classification units using a variety of cri-
teria based on pure remote sensing, relatively rough data could be obtained about
habitat structures (Urker and Ozen, 2020). For this reason, the current stand maps
(CSFE, 2021) for 2018 produced during forest management planning based on data
measured in the field were used as a digital substrate, and habitat characteristics
were assessed in more detail under the EUNIS classification system (EEA, 2021). EU-
NIS habitat types were extracted at the second level based on the 2004 revision of the
EUNIS habitat classification (Table 3, Figure 3).

To separately assess the current status of forest texture among all habitat types, spa-
tial data, and habitat patch numbers were compared with each other for all habitat
types in the study area (Table 3).
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Table 3: 2018 EUNIS Habitat Types.

Tabelle 3: 2018 EUNIS-Lebensraumtypen.

Number of habitat
EUNIS Codes of Habitat Types Area (ha) patches
C1 - Surface standing waters 684 64
C2 - Surface running waters 688 31
E1.2E - Irano-Anatolian steppes 112642 868
E2.6 - Agriculturally-improved, re-seeded and heavily fertilized grassland,
including sports fields and grass lawns 0681 289
F9.31 - [Nerium oleander], [ Vitex agnus-castus] and [Tamarix] galleries 4520 336
G1.37 - Irano-Anatolian mixed riverine forests 1455 42
G1.7A2 - Irano-Anatolian steppe [Quercus] woods 25615 341
G1.Al - [Quercus] - [Fraxinus] - [Carpinus betulus] woodland on eutrophic 6 1
and mesotrophic soils
G1.A72 - Sub-Euxinian mixed [Quercus] - [Carpinus betulus] forests 132 2
G1.D2 - [Juglans] groves 1 1
G3.17 - Balkano-Pontic [Abies] forests 2369 30
G3 4E - Ponto-Caucasian [Pinus sylvestris] forests 5337 159
G3 4F - European [Pinus sylvestris] reforestation 193 3
G3.5 - [Pinus nigra] woodland 32813 408
(G3.57 - [Pinus nigra] reforestation 3235 99
G3.75 - [Pinus brutia] forests 83 6
G3.9C - [Cedrus] woodland 1074 79
G4.4 - Mixed [Pinus sylvestris] - [Betula] woodland 242 27
G4.7 - Mixed [Pinus sylvestris] - acidophilous [Quercus] woodland 128 1
G4.71 - Subcontinental nemoral [Pinus] - [Quercus] forests 9698 277
G4.8 - Mixed non-riverine deciduous and coniferous woodland 630 27
H5.37 - Boulder fields 246 5
H5.52 - Sparsely vegetated burnt areas 305 7
I1.1 - Intensive unmixed crops 179903 1269
J1.2 - Residential buildings of villages and urban peripheries 8996 319
J2.2 - Rural public buildings 7 2
J3.2 - Active opencast mineral extraction sites, including quarries 322 40
J4 - Transport networks and other constructed hard-surfaced areas 3 1
J4.7 - Constructed parts of cemeteries 210 59
TOTAL 462225 4793
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Figure 3: EUNIS habitat map for the study area in 2018.

Figure 3: EUNIS-Lebensraumkarte fiir das Untersuchungsgebiet im Jahr 2018.
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According to FAD analyses, there were no intact forest patches; forest areas with a
core area of a certain size comprised 15.5%, which was very consistent with MSPA
values; habitat transition was observed in 15.88% of the area; and scattered forest
patches covered 3.81% of the total area (Table 4, Figure 4).

Before beginning MSPA analysis, simplified pattern analysis (SPA) was performed. Of
the 458,877-hectares study area, 69,562 hectares comprised core areas (15.5%), 9268
hectares were exterior margins (2%), 1180 hectares were areas with high destruction
threat and 218 hectares (0.05%) were corridors (Table 5).

According to upper spatial class analysis comprising component, core area, and cor-
ridor classes, the study area was identified to contain 1511 forest components (Table
6). The degree of significance was created for a total of 1511 components according
to corridor and core areas.

According to Table 6, 0.10% of the foreground area is made up of islet pixels, while
0.02% of the area (= Foreground + Background) is made up of islet pixels, there are
also 107 islets (regardless of their own size).

Similarly, all statistics for class perforation reveal that the image contains 314 perfora-
tions in total, and entire perforation pixels together makeup 2.17% of the foreground
area or 0.39% of the data area (foreground area + background area).
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Table 4: Fragmentation classes for forest in the study area.

Tabelle 4: Fragmentierungsklassen fir den Wald im Untersuchungsgebiet.

Foreground area

density (FAD): | 1

FragmClass\ObsScale: | (7pix) | 2 (13pix) | 3 (27pix) | 4 (81pix) | 5 (243pix) | Summary
0.0021

Rare: FAD <10% 68 0.012466 | 0.127374 | 0.848583 | 2.39182 0.001301
1.4817

Patchy: 10sFAD<40% | 7 2.99703 | 6.02073 14.6635 | 30.5022 3.81851

Transitional: 6.5925

40<FAD<60% 6 9.54472 14.5733 23.333 31.4493 15.8862

Dominant: 19.346

60<FAD<90% 1 28.8573 38.4128 48.3906 34,7041 64.7892

Interior: 11.857

90<FAD<100% 7 19.8802 | 25.5826 | 11.859 0.95265 15.5047
60.719

Intact: FAD=100% 6 38.7082 15.2832 0.905278 | 0 0
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Figure 4: Fragmentation map (above) for forest in the study area and summary graph (below) of
fragmentation classes.

Figure 4:Fragmentierungskarte (oben) fiir den Wald im Untersuchungsgebiet und zusammenfassende
Grafik (unten) der Fragmentierungsklassen.
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Table 5: Table of Simplified Pattern Analysis (SPA) for the study area.
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Tabelle 5: Tabelle der vereinfachten Musteranalyse (SPA) fiir das Untersuchungsgebiet.

Total Areas with high threat of
Core area External edge Corridor present

area destruction

ha % ha % ha % ha % ha

458877 | 15.1591821 | 69562 | 2.01971334 | 9268 | 0.04750728 | 218 0.25714952 1180

Table 6: Summary of Morphological Spatial Pattern Analysis (MSPA).
Tabelle 6: Zusammenfassung der morphologischen Raummusteranalyse (MSPA).
Foreground (FG) / data [%] # / Background (BG) area

CORE(s) -fn 0

CORE(m) 83.68/15.14 910

CORE(]) -/ 0

ISLET 0.10/0.02 107

PERFOR 2.17/0.39 314

EDGE 11.71/2.12 628

LOOP 0.19/0.03 415

BRIDGE 0.27/0.05 500

BRANCH 1.88/0.34 6403

Background --/81.91 1511/417620

Missing 3931 2/3304238

Opening 94.14 Integrity 1413/57384

CoreOpen --/0.69 639/35388

BorderOpen -/ 0.43 774/21996
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4 Discussion

4.1 Assessments of the analyses of fragmentation and connectivity on forest
habitats

According to Table-3 and Figure-3, 6 different main habitat types including 44 sub-
habitat types were determined. When the general CORINE data are investigated,
areas belonging to the urban ecosystem like continuous and temporary settlement
areas, and industrial-commercial units increased in stages from 1990 to the present.
Though spatial variation in agricultural areas displayed variations through the years,
in a cumulative sense no serious change was notable (Bascompte et al., 2002). When
shores-beaches-dunes (on the shores of rivers), swamps, water routes, and water
masses are assessed, though a yellow undulating variation was observed through the
years, no serious spatial variation trend was experienced specific to aqueous habitats
linked to rivers in the region when assessed cumulatively. Though pasture areas are
reduced, when natural meadows, coniferous forests, broad-leaf forests, transitional
woodland areas, and mixed woodland are considered, an increase in all forestry as-
sets is notable. However, specific to sub-units, a low rate of broad-leaf woodland was
converted to agricultural areas.

To compare the forest assets and use in the past with the present day, to investigate
the impact of anthropogenic constraints on habitat fragmentation, and to measure
the impact and effectiveness of forest villages on habitat fragmentation, CORINE sa-
tellite images from 1990-2018 were used for detailed examination of the changes
in habitat types/land use structure. When the data are evaluated specific to forest
habitats, firstly, the 41590 hectares forest area in 1990 was identified to reach 51162
hectares with a 23% spatial increase cumulatively up to 2018. When the CORINE units
are assessed separately, nearly half of the broad-leaf woodland and mixed woodland
were destroyed, while transitional woodland increased by 17.5% and coniferous
woodland increased by 38.2%.

The most important causes of the stepped increase in forest assets over time in the
study area are agricultural land abandoned due to external migration converting to
forestry, and forest margins and forest openings becoming forestry as a result of affo-
restation-maintenance-rehabilitation work. The most basic cause for the relative in-
crease in coniferous woodland assets is that coniferous species have been dominant-
ly used in regular afforestation-maintenance-rehabilitation work completed over the
last 30 years.

When the CORINE data (extracting codes related to forestry) from 1990 to 2018 were
compared, the general forestry assets in the CSFE appear to have a clear net increase
of 23%. According to Table 2, during nearly 30 years, the presence of broad-leaved
and mixed forests was both reduced by nearly 50%, while the presence of transi-
tional woodland/shrub increased by 38% and coniferous forests increased by 18%.
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Contrary to the 23% net increase in woodland spatial area in the last 30 years, it is in-
teresting that nearly all forest textures were identified to have habitat fragmentation
(Biswas and Khan, 2013). One of the main reasons for this is mistaken afforestation
work not paying attention to landscape ecology principles (Fahrig, 2003; Collingham
and Huntley, 2013).

Considering Table 3, the general status is that 83017 hectares of the 462225-hectares
study area - in other words, nearly 20% - is covered with forest habitats with different
characteristics. When data are examined in terms of the number of habitat patches,
forest textures existed in 1839 of 4793 habitat patches and this encompasses nearly
40% of this area.

When both Table 4 and Figure 4 are investigated, margin effects were present at a
very high rate of 64.78% of the fragmented forest texture in the study area.

The overall area of the background contained by perforation pixels (core openings)
is 35388 pixels. All MSPA statistics were computed for foreground borders that were
closed. Forest integrity is a statistic that takes into consideration the total area of all
openings in a forest (= forest + openings). If there are no openings in the forest, its
integrity is 100%. According to Table 6, 5.86% of the integrated forest area has ope-
nings, implying that forest integrity is reduced to 94.14%.

The foreground region has 1413 apertures with a total count of 57,384 pixels. 639 of
the 1413 openings are core openings within the forest's core region, representing a
total area of 35,388 pixels (inside the perforations). Border vacancies account for the
remaining 774 openings had a total size of 21996 pixels at the outside forest bounda-
ry (edge). The following network options were available after MSPA analysis. In Saura
and Rubio (2010), the connection significance is computed using Equation 4. Accor-
dingly, the corridor connections, interaction areas, connection zones, and network
components specific to the study area are summarized on the map below (Figure 5).
According to this network analysis, there are 275 individual components in the net-
work. The equivalent connected (node/core) area (ECA; measured in area units, such
as hectares, or in the general instance, pixels) is 229,173 pixels. The degree of network
connectivity (DOC) is 29.69%.
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Figure 5: General corridor map of the study area according to MSPA analysis.

Figure 5: Allgemeine Korridorkarte des Untersuchungsgebiets geméaR der MSPA-Analyse.

As aresult of the disrupted fragmentation in the study area in general and the increa-
se in distance between forest patches, the ecological integrity, and communication
between forest patches are lost (Backhaus et al., 2002). As a result, both plant species
and wildlife are trapped in distant forest patches (Forman and Collinge, 1995). In a ge-
neral sense, this is one of the reasons why biodiversity is endangered in general and
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is a situation that planners should consider (Biirgi, 1999; Sharma and Roy, 2007). It is
necessary to connect separated areas with corridors to ensure the mutual transition
of species (Batar et al., 2017). The presence of many patches is due to afforestation
activities in these areas. For this reason, forest management chiefs linked to Cankiri
Forestry Management Directorate should ensure patches are joined during renewal
processes in forestry management plans, and as a result, forest integrity should be
ensured (Srivastava and Tyagi, 2016). Additionally, with the aim of ensuring linkages
and continuity of the patchy forest ecosystem, the forest ecosystem should be impro-
ved by uniting patchy areas (Saura and Rubio, 2010; Theobald et al., 2011; Srivastava
and Tyagi, 2016; Hu et al., 2020).

4.2 Contributions of the survey studies

During the field controls in the area, a 24-item survey was administered to headmen
in 25 different forest villages and the findings were assessed with descriptive analyses
in the SPSS program. When the headmen participating in the survey were reques-
ted to assess the temporal variation in forestry for their region, 32% stated that no
change had been experienced while 52% stated that there was an increase in fores-
try, contrary to a reduction. They indicated that the underlying causes for this were
the slow transformation to the woodland of agricultural areas following reduced hu-
man intervention after being abandoned and the afforestation-maintenance work
performed in forest openings and margins by forest management units.

When participants were questioned about the relative change compared to past ye-
ars in the use of relationships for forests in their area, 92% of headmen participating
in the survey stated that these relationships had reduced a lot. When questioned
about the reasons underlying this change, the most important cause was stated to
be external migration during the last 30-40 years (92%). Among these responses, it
is notable that no participant marked choices related to restrictions on the use of
the forest by the private sector (mining, energy, dam, etc. projects). When answers to
another question about the variation of wildlife in forestry in the area are examined,
though there was a choice for wildlife has much reduced, no headman marked this,
but most stated that wildlife had visibly increased (96%). When responding to this
question, headmen stated that wild boars had increased a lot, followed by roe deer
observed with the increase in forestry in recent years, while herbivore and carnivore
mammals began to be seen intensely linked to the construction of artificial ponds in
the region. When questioned about whether judicial-administrative cases involving
punitive procedures were experienced related to the forestry in the areas, 88% of
headmen participating in the survey stated that none of these cases were currently
known, while 12% stated that very few isolated cases were known at present. Most of
these cases occurred linked to illegal tree cutting or illegal grazing.
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5 Conclusions

In this study, the aim was to determine the fragmentation status of forest habitats
within CSFE boundaries located in the north-central region of Turkey and to create in-
frastructure to strengthen the connectivity between fragmented forest clusters with
the corridor approach (Batar et al., 2017).

With the integration of analysis results obtained as a result of the research with the
forestry management plans of CSFE, the potential to benefit from this data when
updating these plans is high (Saura and Rubio, 2010). In this situation, in addition to
direct short-term economic contributions to the forestry area, improvements will be
provided for habitat qualities of living organisms linked to the forest and wildlife ele-
ments in the region in the long term and it will be possible to ensure maximum be-
nefitin terms of ecosystem services (Collingham and Huntley, 2013; Batar et al., 2017).

Areas between forest patches located in the study area comprise open areas for agri-
culture, forest soil (FS), and pastures. From this aspect, these patches should be joi-
ned over time with afforestation studies to create ecological corridors and thus, some
areas will be allocated as ecological interaction zones (Srivastava and Tyagi, 2016). For
this reason, it is necessary to give priority to afforestation studies for this type of area.

If the afforestation studies that are recommended to be updated in the light of the
corridor approach developed by taking into account the fragmentation and connec-
tivity analyses obtained from this study, are implemented, it will be possible to ensu-
re long-term sustainable management in light of landscape ecology principles about
forest structures with different fragmentation conditions in different regions (Forman
and Collinge, 1995; Fahrig, 2003; Hanski, 2005; Yadav et al., 2020) not only in the study
area but in Turkey and the surrounding geography.
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