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Abstract: Forest roads have many kinds of direct and indirect effects such as physical, ecological, and socio-economic effects in
landscape scale. In this study the relationship between forest road network and the structure of a multifunctionally planned forest
landscape, in the south of Turkey was examined. The aim of the study was to determine whether or not the correlation between road
network and landscape structure across a gradient of road density, categorical road/no road approach and landscape pattern data from
the managed forest landscapes existed. It was concerned with three type polygons that were forest functioning patches, compartments,
and stand patches and were associated with higher road density or existing of road network. To quantify the case, it was analyzed
whether the spatial structure of forest patches adjacent to roads differs from the spatial structure of forest patches away from roads.
GIS was used to integrate quantitative indices of landscape structure. There was little negatively significant relationship between road
density and patch area/size, patch perimeter, and shape index of patton index (PI) and no correlation with patch number and Fractal
Dimension (FD). The forest road network modified spatial pattern of patch shape through PI values. The road network increased the
number of patch and decreased mean patch size. The existence of road network was more effective than topography index appearing
of PI and FD in the roaded areas. It was indicated to potential reverse impacts of road network on spatial structure of forest
compartments in terms of shape index (FD). Highest proportions of harvestable forest areas fall into roaded areas. The results define
that road networks are effective on the spatial structure of forest landscape. The forest road network of study area has all probable
ecological impacts of forest roads mentioned in context.
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Introduction
Forest roads are the most important infrastructure foundation
of the forest landscape to fulfill forest management practices and to
supply all functions of forest resources. Undoubtedly, forest roads
play a key role in forested areas and rural development. They
facilitate movements of human population over the forest land, and
connect natural resources with societies and economies. Forest
roads have many kinds of direct and indirect effects such as physical
and ecological, landscape scale, and socio-economics effects. Effects
of roads in forested ecosystems in general have been well
summarized in literature (Forman and Alexander, 1998; Spellerberg,
1998; Lugo and Gucinski, 2000; Gucinski et al., 2001; Noss, 2002;
Saunders et al., 2002). In addition, roads generate many collateral
problems for the conservation of ecosystems (Trombulak and Frissell,
2000; Forman et al., 2003) and landscape integrity (Jaarsma and
Willems, 2002).
Depending on the traversed ecosystem, road impacts on
microclimate, vegetation and fauna can vary widely. For example,
forest roads create linear gaps that remove forest area, divide the
ecosystem and create structural edges where abiotic and biotic
conditions change more abruptly than in open bushland (Forman
and Alexander, 1998; Trombulak and Frissell, 2000). Roads may
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also exert more subtle influences on habitat, for example by facilitating
the spread of exotic vegetation (Gelbard and Belnap, 2003).
Roads facilitate the spread, frequency and intensity of
disturbances on the landscape, with important consequences for
organisms living there (Bennett, 1991; Miller et al., 1996). When the
slope stability, road surfaces, and drainage patterns change, roads
may increase soil erosion, sedimentation, and landslides (Norse et
al., 1986, Misir et al., 2007). Roads may influence fire regimes by
way of increased fire ignition (Franklin and Forman, 1987) as a
result of human activities that occur in the transportation corridor,
reduced fire size as a result of physical barriers to fire movement
(Covington and Moore, 1992) and increased accessibility for fire
suppression activities. Roads fragment the structure of entire forest
structure, creating high contrast edges (Franklin, 1993) accompanied
by changes in microclimate (Ranney et al., 1981; Chen et al., 1993)
and reductions in the amount of forest interior (Schonewald-Cox
and Buechner, 1992). Besides, roads allow access for resources of
forest, i.e. timber and other products. In forested areas, the forest
matrix dominates the landscape, but roads remove or disturb large
areas through indirect effects that accumulate and interact at higher
scales (Forman, 1998; Heilman et al., 2002; Riitters and Wickman,
2003).
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Within the conservation literature, forest roads have also
perceived negative influences on visual quality (Sheppard et al.,
2004) and wildlife (McLellan and Shackleton, 1988), and other
ecological effects (Riitters and Wickham, 2003). Forest roads in
managed forests have a greater impact on landscape structure and
have been highly associated with forest conservation issues such as
forest fragmentation (Reed et al., 1996; Miller et al., 1996; McGarigal
et al., 2001; Heilman et al., 2002; Wade et al., 2003). Forest roads
can exacerbate fragmentation effects by increasing forest patch
density, decreasing forest patch size, and increasing amounts of
forest edge (Reed et al., 1996; Tinker et al., 1998). This assumption
is the outcome of that forest roads divide forests into distinct forest
patches which are smaller and farther apart by creating uncrossable
barriers for some small species to move through forests (D’Eon,
2007). Dividing a continual forest into smaller fragments or polygons,
small mammals, reptiles, and other organisms are located in small
isolated fragments or patches with small populations (D’Eon and
Glenn, 2005).
As research and analysis techniques have become more
sophisticated, particularly with the advent of geographic information
systems (GIS), the study of effects of roads on ecology has evolved
into a unique discipline of road ecology (Forman et al., 2003). Road
effects are far more pervasive than originally believed and include
such disparate consequences as population and habitat fragmentation,
accelerated rates of soil erosion, and invasion of exotic plants along
roadways (Rowland et al., 2005).
It is possible to explain that roads as a source of human
caused disturbance, or as disturbance corridors (Forman and
Godron, 1986). In addition, roaded areas separate from a natural
condition (Noss, 2002). Therefore, it was suggested that road density
may be used as a landscape-level index for deviation from more
natural conditions or disturbance on the landscape and associated
effects of forest management activity (Williams and Marcot, 1991;
D’Eon et al., 2004). Similarly, non-roaded areas or those with low
road density might serve as environmental baselines against which
the impact of human activities can be measured (Miller et al., 1996).
In general, as road density increases, mean patch size decreases
and total edge increases. In some cases, patch shape complexity
either increases (McGarigal et al., 2001) or becomes more simplified
(Saunders et al., 2002) with the exact effect of roads depending on
their spatial pattern (Reed et al., 1996; Hawbaker and Radeloff,
2004).
The forest landscape can be dissected in forest stand/
vegetation types, forest compartments, and, functional patches within
multifunctional management concept, in Turkish forestry. These
patches represent a component of future mature forest patterns by
imposing a new pattern on the landscape and are therefore of
paramount importance to the issue of long-term landscape spatial
patterns in managed forests (Nelson and Finn, 1991). Therefore, if
road networks manage spatial configuration of the patches, i.e harvest
patches, future forest patterns and fragmentation effects within
considered areas would be directly related to road densities or road
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network. This is a critical consideration in the context of landscape
pattern and forest fragmentation effects (D’Eon, 2007).
In this study, the relationship between forest road network
and the structure of a multifunctionally planned forest landscape, in
the South of Turkey was examined. The aim of the study was to
determine the correlation between roads and landscape structure
across a gradient of road density. Using a gradient of road densities,
categorical road/no road approach and landscape pattern data from
the managed forest landscapes, it was proved useful in identifying
road impacts on landscape components (Krummel et al., 1987). It
was tested the hypothesis that road density or road network influenced
functional patch size and stand patch size, compartment size, shapes,
and other spatial indices mostly based on road networks. It was
concerned with the question of whether smaller and more complex
or irregular shaped polygons (belonging to functional or stand patches
and compartments) were associated with higher road density or
existing of road network. To quantify the case, it was analyzed
whether the spatial structure of forest patches adjacent to roads
differs from the spatial structure of forest patches away from roads. If
there is a difference, for example, it is understood that shapes of
forest patches are complex and irregular near roads and differed
from the others. These characteristics of forest stand, compartment,
and patch size and shape may be of particular importance to species
associated with forest interior or forest edge such as road effect
zone. In this concept, GIS was used to integrate quantitative indices
of landscape structure to examine the effects of forest road network
on forest landscape structure in the study area.
Materials and Methods
Study area: Melli Forest Planning Unit (MFPU) referred to as study
area is located in Southwestern Mediterranean Region of Turkey.
The study area occures in Bucak Forest District, where one of the part
of Isparta Regional Forest Directorate is located. The forest
management plan of MFPU was prepared according to multiple goal
forest management planning manner called as multifunctional forest
management plan. There was an approved forest road network plan.
In addition to this, forest harvesting operations had been continued in
MFPU. Therefore, MFPU was selected as study area (Fig. 1a,b).
The MFPU locates in between 4138627-4123067 m in
North latitudes, and 309111-289892 m in East longitudes, within
UTM Zone-36 N. The study area occupies overall 18964.9 ha and
amount of forest areas is 15734.2 ha. Detailed study area description
was given in Table 1 including area distribution data by functional
land use classification and permissible cuts (Anonymous, 2007a).
The total area is managed by three functions and five sub-functions
including separately management goals of forests that are economical,
ecological and social in the sustainable forest management concept.
However, terrain within mountainous forest area is generally steep
and broken with slope gradients of exceeding 32%. Elevations
extend from 130 to 1720 (m). The vegetation in the study area
comprises of brutian pine (Pinus brutia Ten.) as main tree species
(130-1200 m). In the upper regions (>1000 m), cedar (Cedrus
libani A. Rich.), fir (Abies cilicica Carr.), and juniper (Juniperus
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Fig. 1: Maps of Melli Forest Planning Unit. (a) Geographic location and forest stand type map (non-dissolved status) overlayed with road map, (b) Forest
functions map, (c) Forest compartments map overlayed with road map
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excelsa Bieb.) participate in vegetation structure (Anonymous,
2007b).
Approximately 80% of the study area is covered with
productive and degraded coniferous forest, whereas 20% portion
of the area is non-forest areas such that agriculture, housing, and
wetlands-stream areas. In MFPU, natural development stages of
forest stands range from; seedling and sapling stands (a<7.9 cm in
diameter at breast height) account for about 16%, while poletimber
stands (b = 8.0-l9.9 cm dbh) for 10%, thin sawtimber (c = 20.035.9 cm dbh) 57%, and sawtimber (d>36.0 cm dbh) 17% of total
area.
Data evaluation and analysis: Dataset were derived from
multifunctional forest management plan, forest road network plan,
standard topographic maps (scale 1:25000) and LANDSAT (1975
and 2002 yr data) satellite images, having 30 m spatial resolution.
The standard topographic maps were used by digitizing in order to
form digital elevation model (DEM) and to check whether or not
there is any forest, rural and public road segment is lacking in original
forest road network map. ArcInfo 9.2 GIS software (ESRI, 2007)
was used to digitize the maps, to save and manipulate the spatial
data. A GIS database was established for quantitative analysis of the
landscape structure of MFPU.
Digital vector road maps provided by National Forest
Administration with scale 1:25000 for each forest planning unit were
used in analysis of forest road network. It was improved digital
vector map layer by converting from computer aided dimension/
CAD-based format to ArcGIS environment. Attributes for each road
type (forest, rural, and public road) include length of segment, quality,
grade, etc. Road locations and lacking of road network were controlled
by means of topographic maps and forest stand type maps.
All road types except for skid trail located in the study area
was considered. Although cleared right-of-way of national forest
road types which was the “B-Type Secondary Forest Road”
characteristics (Demir, 2007) vary from rural or public roads in terms
of technical-geometrical standards, it was ignored the differences
and all roads (forest, rural, and public roads) and their effects had to
be accepted the same for relational analysis. Furthermore, the report
of multifunctional forest management plan arranged for planning period
between 1997-2007, and between 2007-2016, forest cover/stand
type maps, forest functions map and forest compartment map
(Anonymous, 2007b). Digital vector map of the road network was
overlayed on the other polygon maps to quantify relation between
landscape structure and roads. Then, it was calculated road density
and measured spatial metrics related to road network.
Roads divide entire forest landscape into pieces. One patch
polygon intersected by a road segment becomes two or more
polygons. The effects of roads on the forest’s polygon structure was
investigated by placing 20 m for forest compartments and stands and
500 m forest functions patches impacts along the roads on each
combined map. Determining a depth of road edge influence into a
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patch polygon bordered by a road segment separates the polygon
into two sections, an area of road impact that is adjacent road where
is called roaded area with at least one border part of a polygon and
the other one is an interior area that is roadless area. It was chosen
20 m and 500 m road impact zone because (1) road platform with a
forest or rural road is 20 m of which is 10 m on right side and 10 m left
(GDF, 2008), and (2) opening-up and accessibility ratio of forest by
a road is normally 250 m as double edged.
Quantification of landscape structure is the main element for
the determination of relation between forest road network and
landscape structure. The study area was defined as a landscape,
boundaries of which were based on drainage pattern that is natural
line drawn along heights or stream land and administrative border to
manage all forest resources. Forest management planning unit has
an individual drainage pattern and a forest landscape characteristics
(Baskent and Jordan, 1995). In this respect, the study area was
found as land units for studying the impacts of roads on forest
landscapes considered the experimental unit in a mensurable
experiment (D’Eon, 2007). The study area was described by
delineating into three distinct polygon classifications, which are (1)
forest function patch polygons, (2) forest compartment polygons,
and (3) forest stand and stand patch polygons. The entire forest
landscape was divided into fragments through functions,
compartments, and stand characteristics. In the quantification and
analysis process, each polygon type was separately evaluated to
calculate indices of landscape structure. GIS software was used in
quantification and analysis of the indices with vector-based data.
In order a landscape can be characterized, it was used the
landscape composition referring to variety and abundance of patch
types and configuration referring to the placement or spatial
characteristics of a patch within a landscape (Dunning et al., 1992;
McGarigal and Marks, 1995). Some quantitative indices were also
used to measure the landscape structure depending on the size and
shapes of function patches, forest compartment, and stand patches
with road network and road density across all forest landscape.
Landscape structure measurements fell into several
categories, which are area metrics (area of stand and function
patches, compartments, and landscape), shape metrics (shape indices
such as shape complexity indices), density-related metrics (number
of patches and mean patch area), edge metrics (perimeter of
polygons), and diversity metrics (Shannon’s and Simpson’s diversity
index) (McGarigal and Marks, 1995; Miller et al., 1996; Blanco
Jorge and Garcia, 1997; Gustafson, 1998;Trani and Giles, 1999;
Elkie et al., 1999; Ozcelik et al., 2008 ). However, it was calculated
some variables that are road density, opening-up ratio, and
topography index to analyze effects of road network on landscape
pattern. Descriptions of the indices mentioned above are shown in
Table 2.
The map of forest function patches was overlayed with road
map. Road density was calculated according to each functions patch.
Each function polygon was scattered into entire landscape by sub-
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function types. Therefore, five sub-functions class were formed to
facilitate the measuring and analysis processes (Dam lake polygon
in the landscape was excluded from analysis). Sub-functions land
were fragmented in the landscape, so neighbour polygons were
dissolved by GIS tools to obtain function patches that were contiguous
and similar characteristics polygons. Although roads were not
considered to constitute the function patch boundaries, all indices
belonging to function patches were calculated in respect to patch,
class, and landscape metrics (McGarigal and Marks, 1995) evaluated
by using the mean values table (Table 3).
To measure the impacts of roads on forest compartments,
roaded/non-roaded approach was used, as well. The compartments
were delineated into two class/groups as roaded (Group-I) and
unroaded (Group-II). Roaded compartments are adjacent to road
within 10 m buffering area. Not only proportion of a compartment
area located in buffer zone, but also whole compartment area was
used as roaded compartment. Roads may be used as compartment
boundaries or across the compartments and dissected into two or
more fragments (Fig. 1c). Unroaded or roadless compartments are
away from roads. Each group results were presented by mean
values (Table 3) and compared by each other “Independent
Samples t-test” was used to determine differences between two
groups. Within each group, “bivariate correlation analysis” was
realized to expose relation between class indices (SPSS, 2004).
Stand patches were described using pre-existing stand
boundaries in the vector-based forest stand type map by means of
ArcGIS tools. It was investigated how stand size and shape impacted
from road network across all forest stand types. Thus, dissolved
forest (stand) patch map was overlayed by road map. Roads were
not generally considered to form stand boundaries. However, two
same stand type taking part in both left and right side of a road
segment, sometimes, could be harvested or regenerated in different
time and silvicultural operations. It could be told that forest roads
fragment the forest stands two or more part. Therefore, roaded/nonroaded approach was also used to quantify how road network
influenced the spatial structure indices of forest stand patches. Two
classes were developed, which were roaded where stands or
patches adjacent to road within 10 m buffer zone and non-roaded
area was roadless area away from road effect zone. To compare
roaded and non-roaded patches “Independent Samples t-test” and
“Bivariate correlation” procedure were preferred in statistical
programme SPSS 13.0 (SPSS, 2004).
Results and Discussion
The total road length actively used in forest, rural, and public
transportation infrastructure was found as 213.25 km although forest
road network in this study area has been not completed, yet. The
proportion of completed section of planned forest road was 66.8% at
the beginning of 2008. Road density in entire forest landscape was
averaged at 11.24 m ha-1. Forest road ratio in total road length was
61.66 and 84% of which was dirt (unpaved) road characteristics.
The forest roads lied down through stream channel and valley,
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therefore, characteristic of the 50% of forest road was valley road
and the rest of which was ridge or hillside road.
One of the most important ecological impacts of forest road is
surface erosion and sediment production because roads speed up
water flows and sediment transport and increases peak discharges
and downstream flooding (Jones and Grant, 1996; Forman and
Alexander, 1998; Gucinski et al., 2001). The abundance of dirt road
in the forest landscape can cause or intensify the risk of surface
erosion and sediment production or other corresponding effects.
Because 57% of the total road length has over 10% road gradient
and average hillslope ratio is 36%, which dictates that the study area
locates at steep terrain. In addition, although Demir (2007) and
Gumus et al. (2008) suggested to hillside or ridge road building in
the multifunctionally planned forest units, the half of road length was
valley road in MFPU. For that reason, it is obvious that forest roads
have potential impacts on forest landscape ecology in this study
area, as well.
MFPU has been managed to multifunctional forest
management planning concept in the sustainability of forest resources
framework (GDF, 2008; Anonymous, 2007a). The entire MFPU
landscape has been delineated with three functions of MFPU that
are ecological (37% of total area), economical (46% of total area), and
social (17% of total area) and five sub-functions with eight management
goals (Table 1). The sub-function polygons scattered into landscape
was dissolved in order to be formed the function patches.
As shown in Table 3, it was obtained 359 function patches
for different five sub-functions. The road density ranged from 4.59 to
16.22 m ha-1 in the study area. The road density of forest production
patches referring to harvestable areas was calculated as 14.86 m
ha-1. Assuming 5 m road width (GDF, 2008) for all, road themselves
occupied 0.56% of the study landscape. It was approved that 1% of
a production forest land could be separated to built up forest road for
optimal forest road density in Road Communique-No:292 which
include guidelines for planning, construction, and maintenance of
forest roads (GDF, 2008). Therefore, this ratio showed that new
forest road construction could be built in this study area. Because,
opening-up ratio of production function patches was 47%, which
displayed weak opening-up ratio (Erdas, 1997; Eker and Acar, 2006)
with existing forest roads. Barely, new roads into forested landscape
often lead to economic development as well as deforestation and
habitat fragmentation (Forman and Alexander, 1998).
In the ecological sub-functions patches that were nature
conservation, erosion protection and hydrological polygons, road
density was lower than economical and social function patches. The
ecological effects of forest roads during construction and utilization
process (Lugo and Gucinski, 2000) was taken into consideration,
the road density ranging from 4 to 11 m ha-1 was suitable for these
patches. Furthermore, Bennett (1991) and Mech (1989) suggested
low road density, e.g. 6 m ha-1, for naturally functioning landscape.
Inherently, to reduce road impacts on the patches having ecological
priority, road density had low ratio. Ecological sensitive patches
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Table - 1: Distribution of area and permissible cutting in Melli forest planning unit (MFPU)
Area (ha)

Functions

Sub-functions

Management goals

Economical

Forest crop
production

Ecological

Nature
conservation
Erosion Prevention
Hydrological

Qualified wood production
Non-wood forest products
Seed stand
Gene protection forest
Protection areas
Soil conservation
Protection of water resources
Sub-total of forested areas

Social

Non-forest areas
Total

Permissible cutting (m3)

Productive

Degraded

Ten years

Annual

6422.4
223.5
99.3
779.8
232.1
415.3
15734.20
3230.7
18964.90

1842.6
218.6
17.6
15.1
5310.3
27.8
129.8

193674
3731
272
1773
3190
202640

19367.4
373.1
27.2
177.3
319.0
20264
20264

202640

Table - 2: Description of Indices used in landscape pattern analysis
Index name

Description

Road density (RD)

Dividing of road length (m) to area (ha). [RD= RL/A] RL= Road length, A= Area (Erdas, 1997).

Opening-up ratio (OpR)

Proportion of area within a 250 m buffer zone with proportion of total landscape area. [OpR (%)= (Abuf /At )*100]
where OpR is the factor relavent the proportion of area occupied in the 250 m buffer zone (Abuf ) to the proportion
of area occupied on the total area (At ). If the OpR = 80-100 %, opening-up ratio of road network or segment is
excellent (whole landscape area is accessible) (Eker and Acar, 2006) .

Area (A)

Refers to polygon area of a given function patch, compartments, stand patch or entire landscape (ha)

Perimeter (P)

Refers to perimeter of a given polygon (m or km)

Patch number (PN)

Equals the number of patches (polygons) corresponding class or group

Topography index (TI)

TIc= [(Σ Spc*Apc )/ Atc ]*100 where TIc is the index of topography of unit c, Spc is the slope of a p polygon of stand
in unit c, Apc is the area of a polygon of stand p in unit c, and Atc is the total area of unit c (Eker and Acar, 2006).
Higher values of TIc state more complex topography (Miller et al., 1996).

Min. size

Minimum patch, stand, and compartment size (ha)

Mean size

Average/mean patch, stand, and compartment size (ha)

Max. size

Maximum patch, stand and compartment size (ha)

Patton index (PI)

PI is the shape index and define polygon (stand, compartment or patch) shape complexity by comparing the
perimeter of a stand to perimeter of a circle of the same area (Patton, 1975) and uses this formula; PI= (P/ 2√πA)
where P is the perimeter of a polygon and A is the area. A value of 1.0 refers to perfect circle. It may increase
without limit. The index value increases from 1.0 with shape complexity (D’Eon, 2007). PI was calculated for
each polygon in one unit and the “area weighted average PI” for each unit.

Fractal dimension (FD)

FD is also a shape index. It was used to define the degree of shape complexity of a forest polygon such as stand
or compartment (Krummel et al., 1987; Mladenoff et al., 1993). The formula of FD is logP=1/2 (D)(logA) where
P is the polygon perimeter and A polygon area. The FD value ranges from 1.0 that indicates a straight line with
least complexity to maximum 2.0 that becomes plane filling with most complex shape. Fractal dimension index
is appealing because it reflects shape complexity across a range of spatial scales. While FD average value of
a function patch was presenting, “area weighted mean Fractal Dimension” ratio was used.

Shannon diversity index (SHDI)

SHDI= - Σ(Pi*logPi) SHDI >= 0, without limit. SHDI = 0 when the landscape contains only 1 patch (no
diversity). SHDI increases as the number of different patch types (patch richness, PR) increases or the
proportional distribution of area among patch types becomes more equitable, or both. SHDI equals minus the
sum, across all patch types, of the proportional abundance of each patch type multiplied by that proportion. SHDI
is a popular measure of diversity in community ecology, applied here to landscapes. Shannon’s index is
somewhat more sensitive to rare patch types than Simpson’s diversity index (Mcgarigal and Marks, 1995).

Simpson diversity index (SIDI)

SIDI=1 - Σ Pi2 where 0 £ SIDI < 1 SIDI = 0 when the landscape contains only 1 patch (no diversity). SIDI
approaches 1 as the number of different patch types (patch richness, PR) increases and the proportional
distribution of area among patch types become more equitable. SIDI equals 1 minus the sum, across all patch
types, of the proportional abundance of each patch type squared (Mcgarigal and Marks, 1995; Elkie et al., 1999).

Roaded area

Pach, stand, and compartment area located in adjacent to road through at least one edge of the polygon. This
value was determined by buffer zone drawn to left and right side of road as 10 and 250 m. If a border of a polygon
is located in buffer zone, whole polygon structure is included to evaluation process.

Unroaded area

Patch, stand and compartment area is away frok roads. That is roadless area or called interior area.
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needed a road density even if it was low because timber harvesting
had been occasionally managed to stabilize sustainability of water
acquisition. The presence of low road density for ecologically sensitive
areas may the best indicator of suitable ecological values.
However, there is the higher road density in social functioning
forest patches to access agricultural and housing areas. On the
other hand, with higher road density, human access and disturbance
effects in the remote areas of forests may increase (Mech, 1989).
Hydrological effects of road network on aquatic ecosystems and
other detrimental impacts of roads on flora and fauna habitats are
negatively impressed by high road density (Jones and Grant, 1996;
Forman and Alexander, 1998).
It was decided that road density had an overall index
averaging patterns and measuring road network structure over an
area. Therefore, the road density was correlated with patch indices
(mean values of which were given in Table 3). There was little
negative significant relationship between road density and patch
area/size, patch perimeter, and shape index (Patton Index) (p<0.01;
r = -0.207; r =-0.205 and r =-0.240, respectively). In addition, it was
found significant stronger inverse relationship between road density
and topography index (p<0.01; r = -0.736). The reason of the
negative correlation between road density and topography index
depends on the ecological functioning patches located in steep terrain
with high slope, the other in moderate terrain with low slope, the
forest roads become dense in the low slope ground, and the majority
of forest road has valley road characteristics.
However, there was no correlation between road density
and patch number and FD, on the contrary to Krummel et al. (1987)
and Mladenoff et al. (1993). The PI had a inevitable stronger
significant correlation with patch area and patch perimeter (p<0.01;
r =0.809 and r =0.854), and weak significant correlation with
topography index (p<0.01; r =0.150). PI had more powerful
relationship with road density than topography index. Unexpectedly,
FD had no correlation with any patch indices, as similarly. According
to Table 3, when shape index (PI and FD) of function patches was
evaluated, the higher values indicated more complex and irregular
patch shapes. In addition, there were differences in mean patch size
for sub-function polygons with the highest and the lowest road
densities, but the trend in these differences was not consistent. Nature
conservation patches with the lowest road density had larger patch
size (73.86 ha) than non-forest patches with the highest road density
(16.82 ha) and mean patch size in entire landscape (52.82 ha), but
for the production functioning patches this trend was reversed. When
road density was used as naturalness index, the underlying
hypothesis was that disturbance could propagate anywhere along
the roads (Miller et al., 1996).
At the end of spatial analysis, production patches existed in
higher proportion (50.56%) in the road buffer (250 m right and left
side) and 20.6 and 28.84% for ecological and social functioning
patches. The proportion of area occupied by function patches differed
from the composition of the landscape. This consequence displayed
that forest road had been mainly built up for harvest operations.
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Likewise, D’Eon (2007) found that road density was highly correlated
with harvesting quantity, but not with spatial patch indices. It is result
of road planning to access all available resources in a forest area
independent of short-term harvest patch indices. As well, in the study
area, multifunctional forest management planning began by planning
road networks tends to be constructed for optimal opening-up ratio
or maximum accessibility to forest resources. Thus, forest road network
was independent of function patches’ spatial structure in planning phase.
To test whether or not the road network affected landscape
structure and fragmented of the functions patches, forest functions
map intersected by forest road network map. That is, polygons of
forest sub-function patches were divided into small polygons. As
shown in Table 4, road network increased the number of patch
average by 81% (from 19 to 97 %) and decreased mean patch size
ranged from 64 to 8 %. Reed et al. (1996) stated that these measures
could be used as indicator to delineate that roads caused a degree
of fragmentation.
Furthermore, area weighted mean shape index values
ranged from 0 to 16% for PI and 0.001 to 3.1% for FD. The slight
changes on the shape indices indicated a trend towards simple
and regularly shaped patch boundaries. This finding was a result
of positive relationships between PI index value and patch area
and perimeter. As the patch area and perimeter decreased, PI
index value decreased as well, which referred to more rough and
simply shaped patch boundaries (Krummel et al., 1987). Therefore,
it was obvious that dividing of forest land into patches by roads
changed the patch shape index (PI) and affected landscape
structure.
Due to the fact that entire function patches were divided into
two or more similar small patches or polygons by road network,
Shannon and Simpson’s Diversity Indices were used to determine
whether or not there was diversity changing on function’s polygon
numbers. There was a little differences (0.04 %) between two groups,
which was not accepted an important differences. The diversity of
polygons belonging to patches didn’t change.
The landscape structure metrics demonstrated an evident
pattern of fragmentation of landscape by roads. These impacts were
illustrated by the increase in patch numbers, which happened as
roads dissected large patches of forest functions into smaller
fragments. A greater patch number corresponded with decrease in
mean patch size/area. The decreasing of mean patch area indicated
increase edge effects of roads. This indication was a significant
reduction in the amount of interior forest habitat such as native of
micro or macro flora and fauna (Mladenoff et al., 1993; Reed et al.,
1996; Saunders et al., 2002). The diversity indices were found
insignificant with road network impacts in this study area. However,
it was put forward that forest road network changed spatial pattern of
patch shape through Patton Index values.
To encourage hypothesis of the study and support the results,
it relationship between forest network and spatial structure of forest
compartments was investigated. The entire forest landscape was
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Minimum
patch size (ha)

198.27
73.86
8.39
68.23
16.82
52.82

0.607
0.723
0.71
2.80
0.36
-

3.948
3.832
1.835
4.249
3.274

1.796
1.770
1.595
1.722
1.716
1.751

47
20
26
48
76
42

33.49
43.58
61.65
41.75
18.04
34.96

Ratio of portion in
roaded area (%)

Mean patch
size (ha)

2673.24
1169.169
29.96
355.77
878.20
-

Area weighted mean
topography index (%)

Maximum
patch size (ha)

44
84
31
8
192
359

Opening-up ratio (%)
(within 250 m buffer)

Patch number

8723.77
6204.39
260.23
545.83
3230.70
18964.90

Area weighted mean
fractal dimension

Patch area (ha)

14.86
4.59
4.77
10.86
16.22
11.24

Production
Nature conservation
Erosion protection
Hydrological
Non-forest areas
General

Area weighted mean
Patton Index Value

Road density
(m ha-1)

Sub-functions
(Management goals)

Table - 3: Landscape index values of sub-functions patches

50.56
15.75
0.86
3.99
28.84

Table - 4: The comparison table for divided and undivided functions patches by forest roads

71.79
55.40
7.64
51.43
10.14
-

2.560
3.406
1.835
3.419
2.193

1.767
1.764
1.594
1.715
1.663

Simpson diversity index

128
123
37
18
343
649

Shannon diversity index

Area weighted mean
fractal dimension

0.638

Area weighted mean
shape index (Patton)

0.533

Mean patch size (ha)

1.796
1.770
1.595
1.722
1.716

Patch number

3.948
3.832
1.835
4.249
3.274

Simpson diversity index

198.27
73.86
8.39
68.23
16.82

II (Divided patches by road)
Shannon diversity index

Area weighted mean
fractal dimension

44
84
31
8
192
359

Area weighted mean
shape index (Patton)

Production
Nature conservation
Erosion protection
Hydrological
Non-forest areas
General

Mean patch size (ha)

Sub-functions
(Management goals)

Patch number

I (Undivided patches)

0.537

0.642

Mean compartment
size (ha)

Maximum compartment
size (ha)

Minimum compartment
size (ha)

Area weighted mean
shape index

Area weighted mean
fractal dimension

Topography index
(Slope gradient) (%)

7.3
5.1

Total compartment
perimeter (km)

219
73
292

Total compartment
size (ha)

Average stand number
per compartment

Roaded area
Roadless area
Total

Compartment number

Compartments and their
spatial characteristics

Table - 5: Forest compartments and their spatial characteristics

14414.26
4550.64
18964.90

906.057
278.770
1184.828

65.82
62.31

205.86
89.627

29.48
35.87

1.473
1.368

1.243
1.236

32.92
39.21

Table - 6: Spatial characteristics of dissolved stand patches
Characteristics

Patch
number

Minimum
patch size
(ha)

Mean patch
size (ha)

Maximum
patch size
(ha)

Area weighted
mean shape
index value

Area weighted
mean fractal
dimension

Patch
density
(100 ha)

Roaded area

421

0.45

21.38

713.53

2.643

1.677

2.22

Roadless area

833

0.36

11.96

567.26

2.086

1.661

4.39
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Table - 7: Spatial characteristics of non-dissolved stand polygons
Characteristics

Stand
number

Minimum
stand size
(ha)

Mean stand
size
(ha)

Maximum
stand size
(ha)

Area weighted
mean shape
index value

Area weighted
mean fractal
dimension

Stand
density
(100 ha)

Roaded area

688

0.17

13.08

196.39

1.962

1.642

3.628

Roadless area

1159

0.33

8.60

85.67

1.695

1.629

6.112

Table - 8: Analysis of MFPU by land cover and land use classification
Forest land cover

Land use

Agricultural
lands

Residential
lands

Wetlands

Open and
rocky lands

Degraded forest

b (Polytimber)

Roaded area

Number of patch
Area (ha)

42
918.26

24
725.80

104
1916.05

44
313.36

122
2396.77

53
2076.14

15
152.97

1
196.39

16
304.42

Roadless area

Number of patch
Area (ha)

39
392.78

21
96.17

239
2773.77

122
1038.87

254
5165.05

124
353.19

1
3.98

-

33
139.27

Characteristics

divided into 292 forest compartments, polygon boundaries of which
was drawn up by natural border of terrain such as stream and ridge
and artificial border such as forest roads and fire safety strips (Fig.
1c). To measure whether or not road network affected spatial structure
of forest compartments, both forest compartment and forest road
network map were merged. The compartments were classified into
two groups, which were roaded and unroaded compartments and
then compared with each other. If road segment had been a border
of a compartment or reached out through a compartment, these
compartments were referred to as roaded area, which were under
the influence of road edge and were adjacent to road. The unroaded
compartments were the area that remained after removing the area
of road edge influence, which was defined by buffering 10 m with a
depth-of-edge influence distance from road line (abstracted with
mean values in Table 5).
The results regarding the differences between roaded and
roadless compartments displayed that there was no statistically
significant differences between compartment size, perimeter, and
shape index (PI) of both group, by means of independent t-test.
However, it was found a significant differences among topography
index values (p<0.01) and FD values (p<0.05). The reason of the
difference on topography indices was based on that the right-of-way
belonging to forest roads had low hillslope and the road density
increased in production forest and non-forest functioning area with
low hillslope.
In addition to comparison of inter-groups, each group roaded
and non-roaded compartments were evaluated by oneself through
bivariate correlation analysis. It was found non significant relationship
between topography indices, PI and FD values by roaded
compartments. On the other hand, there was little negative significant

d (Sawtimber)

a (Seedling
and sapling)

c (Thin Sawtimber)

Stand development stages

relationship between topography index and PI (p < 0.01; r =-0.369),
and also with FD values (p<0.01; r =-0.357) by non-roaded
compartments. Moreover, shape indices both PI and FD existed in
higher proportion of the roaded area than on the non-roaded area.
While the topography index with area and perimeter of a compartment
were a considerable factor on revealing of PI and FD values in the
non-roaded areas, but not in the roaded areas. That is, the existence
of road network was more effective than topography index appearing
of PI and FD in the roaded areas. This evidence and statistical
differences among two groups indicated potential reverse impacts of
road network on spatial structure of forest compartments in terms of
shape index (FD).
The proportion of the compartment adjacent to roads was
found as 75%. The forest roads passed through and dissected 98
compartments into two or more sub-compartments. In the other
compartments within buffering roaded area, roads lied down along
compartment boundaries or as parallel. It was observed that the
road length surrounding compartment boundaries was 82.51 km,
that is 37% of total length was used as compartment border. The
perimeter of all compartments was calculated at 1184.828 km, 7% of
which was constituted by roads. When the road map was intersected
by forest compartments map, the road line divided compartment
polygons, then, the new polygons number of sub-compartments
reached from 292 to 390. Thus, it was deduced that roads would be
edge effect zone, which could be effective on ecosystem. Because,
the road effect zone is the area that has significant ecological
impacts extending outward from a road. The zone is asymmetric
with convoluted boundaries and unequal effect distance due to
slope, wind, and habitat suitability on opposite sides of a road
(Forman, 1995).
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On the contrary, there was no physically concrete boundary
separating compartments except for stream and ridge. Therefore,
the edge-effect zone couldn’t be appeared. The boundaries of a
forest compartments were constituted by topographical conditions
and forest operations were managed in compartments based, so it
was inevitable that the edge effects of road network could be occurred
and caused to forest fragmentation, in course of time. Forest roads
constitute open area within forest structure because of their edgerelated effects. The edge effect zone along roads has potential harmful
microclimatic and biological changes by increasing of evaporation
and temperature, decreasing of soil moisture in intact forest landscape
(Chen et al., 1993; Forman and Alexander, 1998; Noss, 2002).
Road edge has tendency to continue distinguished impacts for a
long time such that soil erosion (Bilby et al., 1989), noise (Reijnen et
al., 1996), disturbance by human activity (Saunders and Hobbs,
1991), and population changes (Forman and Alexander, 1998). All
factors depending on road network create deleterious habitat
circumstances on the landscape (Reed et al., 1996).
However, the number of stand within roaded compartments
was more than non-road compartments. The forest harvesting
operations were conducted by structure of stand within a boundary.
Therefore, it was possible that a compartment was partly harvested
in different times and different location of the same compartment. This
result clarified that there could be a different forest canopy and different
stratified structure for animal species. D’Eon (2007) implied that
harvesting of patch area are the important to the issue of fragmentation
such as patch size and spacing.
The entire forest landscape had been divided into small
stands. The physically adjacent stands having the same
characteristics were dissolved and obtained stand patches. To
determine whether a correlation between spatial size and structure
was, roaded and non-roaded stand patches (Table 6) were classified
by principles mentioned above. The number of stand patches, total
areas, and patch density of roaded areas was lower than non-road
areas, whereas PI, FD, minimum, mean, and maximum patches size
was higher.
When the independent sample t-test was applied to inspect
the differences, it was observed that there was a significant difference
(p<0.01) between patch size, PI and FD values by roaded and
non-road stand patches. For the roaded and roadless areas, PI
and FD values were higher and shape of stand boundaries was the
complex and irregular shaped. However, in roaded stand patches,
PI and FD were higher than non-roaded patches. To be sure of the
results, the same tests were repeated for the non-dissolved forest
stands. There was a significant difference (p<0.01) between patch
size, PI and FD values by roaded and non-road stand polygons as
well (Table 7). These results showed that stand or patch size and
shape indices values were higher in roaded areas, which affected
composing of complex and irregular shaped polygons. When the
accepted roads to be stand boundaries it was shown a large increase
in the number of small stands with simpler shapes, which tend to
fragment the landscape.
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Williams and Marcot (1991) also found that mean patch sizes
differed when comparing stands in roaded areas vs. non-roaded
areas. They reflected that roadless areas were thought to represent
baseline or more natural areas (Miller et al., 1996). On the other
hand, in dissolved stand patches, using a classification by land use/
forest land cover 9 scales were developed (Table 8).
Approximately 70% of the roaded area was covered with
productive and degraded forest, whereas 23% portion of the area
was agriculture, and the rest of the roaded area was non-forest
areas such that housing, and wetlands-stream areas. In roaded
stand areas, natural development stages of forest stands range
from; 14.6% for seedling and sapling stands, 12% for poletimber
stands, 30.5% for thin sawtimber and 4.9% for sawtimber. The 95%
of the non-roaded areas was covered by forest areas and the rest
of the area was covered by other land use types. Approximately
54.5% of forest cover land was also degraded.
About 70% for “a”, 88.3% for “b”, 40.85% for “c”, and 23.6
for “d” class, located in roaded areas. In addition, only 31.7% of the
degraded areas taken part in roaded areas. Seedling-sapling (a)
and poletimber (b) stand development stages constituted sufficiently
higher proportion of the buffering roaded area than in the forest
landscape. Furthermore, 85% of the agricultural areas existed in
roaded areas. This is reason of the highest road density in social
functioning patches. Although forest roads reveal a small fraction of
the landscape in terms of area, their impacts extends far beyond
their immediate boundaries. In this study area, large proportion of
forest area lies down along road edge. Therefore, it is obvious that
vegetated area (70% of total area) with forest tree species opens to
the impacts of road network.
The forest road networks have human-caused effects on
the landscape structure. For example, complex patch shapes have
attributed to human disturbance. Ripple et al. (1991) found that
extensive timber harvest areas were associated with more irregular
patches. In the MFPU area, highest proportions of harvestable forest
areas fall into roaded or adjacent to roaded areas. However, the
functioning patches having higher road density, compartments and
stand patches in roaded areas have higher complex and irregular
shaped polygons. The results define that road networks are effective
on the spatial structure of forest landscape. The forest road network
of study area has all probable ecological impacts of forest roads
mentioned in context. However, quantifying the divergence from
naturalness in roaded areas needs an understanding of the factors
controlling the structure of unroaded landscapes, especially in terrain
of great topographic relief (Miller et al., 1996).
At the landscape level, primary ecological effects of a road
network are the disruption of landscape process and loss of
biodiversity. Interrupting horizontal natural process, such as
groundwater flow, streamflow, fire spread, foraging, and dispersal,
alters the landscape spatial pattern (Forman and Alexander, 1998).
As well, the road network dissects the entire land, leading to habitat
fragmentation and shrinkage. It may create distinctive spatial patterns
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on the landscape structure, such as converting convoluted to
rectilinear shapes and composing more total edge (Reed et al.,
1996).
On the basis of results, it is possible to conclude that high
forest road density and existing road network can ecologically
affect the spatial structure of forest functioning patches,
compartments, and also forest stands, in the long run. When
taken into consideration that it has been completed, yet, only
66% proportion of total forest road length need for Turkish Forests
(21.2 million ha) it is suggested that, for the new roads, the forest
road should be planned so as to functioning forest patches, lied
down along boundary of a compartment instead of intersecting
through a compartment. The assessment criteria should be
developed in order to be used in planning and construction to
minimize ecological impacts of roads.
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