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Abstract

Roads are considered as a major environmental problem and one of the main causes of biodiversity loss and landscape
fragmentation. Recent evidence suggests that whilst roads generally lead to increasing landscape fragmentation; they
also affect the structure and functioning of landscapes through the pollution caused by the vehicles and the acceleration
of settlements around road networks. This paper explores the relationship between the presence of roads and landscape
fragmentation in the central districts of Izmir province, using landscape metrics at class and landscape level. CORINE
land cover (CLC2012) dataset together with Urban Atlas 2012 (UA2012) were used for the delineation of land cover
map with and without roads. The analyses were performed in FRAGSTATS 4.2 and ArcGIS 10.5.1. Results illustrated
an increasingly fragmented urban landscape with respect to increasing road existence. However, it is important to bear
in mind the possible limitations of some landscape metrics when evaluating fragmentation caused by roads. On the
other hand, the results of this study emphasise that the number of patches (NP), area-weighted mean patch area
(AREA_AM), edge density (ED) and effective mesh size (MESH) seem to be much more robust landscape metric when
measuring landscape fragmentation. The paper concludes with important implications and recommendations with a
view to informing landscape planning practices for creating opportunities around roads and road networks to support
biodiversity and enhance the lives of people. For example, as a practical manner, the creation of roadside vegetation and
vegetated verges can reduce the fragmentation effect of road networks and enhance landscape connectivity rather than
its fragmentation effect. The care and regular maintenance of these areas will also play an important role in improving
landscape quality and promoting biodiversity.
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Oz

Yollar, biiyiik bir ¢evre sorunu ve biyolojik cesitlilik kaybt ile peyzaj parcalanmasinin ana nedenlerinden biri olarak
kabul edilmektedir. Yapilan arastirmalar, yollarin genellikle artan peyzaj par¢alanmasina yol agtigini; ayrica araglarin
neden oldugu kirlilik ve yol aglari etrafindaki yerlesimlerin hizla artmast yoluyla peyzajlarin yapist ve isleyisini de
etkilediklerini ortaya koymaktadir. Bu ¢alisma, Izmir ili merkez ilgelerinde yollarin varligi ile peyzaj parcalanmasi
arasmdaki iligkiyi sinif ve peyzaj diizeyinde peyzaj metriklerini kullanarak incelemektedir. Caligmada, CORINE arazi
ortiisti haritast (CLC2012) ve Urban Atlas2012 (Kent Atlasi2012) (UA2012) ile birlikte kullanilarak, ¢alisma alanina
iliskin detayli yol verisinin icerildigi ve icerilmedigi arazi ortiisii haritalar kullamlmistir. Analizler FRAGSTATS 4.2 ve
AreGIS 10.5.1 yazilimlarinda gerceklestivilmistir. Sonucglar artan yol varligimn kent peyzajinda artan parcalanmaya
sebep oldugunu gostermektedir. Ancak, yollarin neden oldugu parcalanmanmn degerlendirilmesinde bazi peyzaj
metriklerinin etkinliklerinin olas: kisithiliklarinmi goz oniinde bulundurmak gerekmektedir. Diger yandan, bu ¢alismanin
sonuglari, peyzaj parcalanmaswmni degerlendirirken yama sayist (NP), alan agirlikli ortalama yama alani (AREA_AM),
kenar yogunlugu (ED) ve etkin ag boyutunun (MESH) peyzaj par¢alanmasina iliskin daha saghkl degerler sundugunu
vurgulamaktadir. Calisma, biyolojik c¢esitliligin desteklenmesi ve insanlarin yasam kalitesinin iyilestirilmesi
bakimindan yollar ve yol aglari ¢cevresinde firsatlar yaratmak icin peyzaj planlama uygulamalarina 151k tutabilecek bazi
onemli oOnerilerle sonlandirilmistir. Ornegin, pratik anlamda, yol aglart cevresinde yol kenari bitki ortiisii ve
bitkilendirilmis banketler, yol aglarinin par¢alanma etkisini azaltabilir ve peyzaj baglantililigimi arttirilabilir. Ayrica,
bu alanlarin korunmasi ve diizenli bakimi peyzaj kalitesinin arttirilmasinda ve biyolojik ¢esitliligin desteklenmesinde de
onemli rol oynayacaktir.

Anahtar kelimeler: Par¢alanma, Arazi ortiisii, Peyzaj metrikleri, Yollar, Mekansal yapt
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1. Introduction

Most of the significant threats to biological
diversity and natural landscapes, such as habitat
conversion, reduction in habitat size or the loss of
habitats are generally linked to over consumption
of natural resources and the transformation of
many parts of natural ecosystems into urban areas
(Sweeney et al., 2007; Hanski, 2011; Yang et al.,
2017). In and around the human modified
landscapes, roads are generally considered to be
one of the most important causes of landscape
fragmentation. However, it should not be
forgotten that roads are important components of
urban environments since they play a key role in
social and economic development, such as
supporting retail and tourism, increasing the
accessibility of remote areas (Riitters et al., 2004;
Zhang et al., 2015). In this sense, the development
of roads may cause both positive and negative
effects on people and nature (Yang et al., 2017).
Whilst roads generally lead to landscape
fragmentation, they also affect the structure and
functioning of landscapes through the pollution
caused by the vehicles and the acceleration of
recreation and settlement activities (Frair et al.,
2008). Zhang et al. (2015) argue that roads have
various potential direct and indirect impacts on
nature and wildlife. Thereupon, we can claim that
if the development of road networks is not
controlled, and excess the capacity of
environmental objectives and the nature, then this
would  result in increased landscape
fragmentation, the loss, degradation and
destruction of habitats (Forman et al., 2003; Grilo
et al., 2009; Jackson and Fahrig, 2011) as well as
increased the risk of species extinction (With,
2002). In addition to that some of the most
obvious adverse effects, noise, air and water
pollution caused by the vehicles pose an important
threat on the physical and mental health, and the
well-being of people (Banister, 2000; Plaut and
Shmueli, 2000; Laurance et al., 2009; Bennett,
2017).

On the other hand, even though roads and road
networks have widespread adverse effects on
nature, habitats and people, the recent evidence
shows that roads also form an extensive linear
network in urban environments. In this context,
Yang et al. (2017) states that, if sufficiently
vegetated, roadside  vegetation  alongside
pavements and roads can play a crucial role in
mitigate the adverse effects of road networks, e.g.
reducing noise, air and water pollution and
serving as green corridors in urban environments.
Through the development of an extensive green
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corridor alongside roads, roadside vegetation can
provide a sheltered, comfortable and healthy
walking experience in urban environments
(Fukahori and Kubota, 2003; Giles-Corti et al.,
2005). Moreover, if the present roadside
vegetation is enriched by the components of
natural vegetation cover, then they can form the
backbone of a wider network for both wildlife and
people.

Because of the dependency of people on
transportation for various reasons some of which
were mentioned earlier, it seems that the
development and expansion of roads in and
around urban environments will continue in the
near future (Coyner, 2008). Therefore, assessing
the potential effects of the fragmentation of roads
on landscapes and proposing guidelines for
conservation selection and planning strategies is
crucial for a rapid assessment of landscape status
in both the ecological and social sense (Zhang et

al.,, 2015). These can be achieved by the
identification and assessment of landscape
fragmentation. Broadly speaking, landscape

fragmentation or habitat connectivity can
generally be measured and evaluated both
structurally and functionally. Whilst the term
functional connectivity refers to the behaviour and
responses of dispersing organisms to the
landscape structure and requires empirical data on
species; structural connectivity relies to the spatial
relationships of land cover / habitat patches based
on land use / land cover data. In terms of
functional  connectivity —measurements,  the
empirical data is generally unavailable /
insufficient at larger scales. In addition to that, the
requirement for behavioural data and the labour-
intensive nature of functional connectivity
measurements make them applicable to only a
small region. On the other hand, structural
connectivity measurements generally focus on the
actual physical connections between land cover /
habitat patches and are usually derived from
physical characteristics of the landscape (\Watts et
al., 2008).

There are a wide range of methods and tools that
have been developed to quantify structural
connectivity. One of the most common structural
connectivity measures is landscape metrics. Even
though landscape metrics have been criticised by
researchers (Goodwin, 2003; Li and Wu, 2004),
they appear to have potential for understanding
the main characteristics of landscape connectivity.
They are also relatively easier to be measured and
can be applied to extensive areas compared to
functional connectivity measures (Uuemaa et al.,
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2009; Zhang et al., 2015). Recently, a variety of
simple and easily applicable software have been
developed to calculate landscape metrics and
FRAGSTATS is one of the most common ones. In
this study, FRAGSTATS 4.2 was used to measure
landscape fragmentation since it includes a variety
of landscape metrics at different hierarchical
levels and freely available on the web with its user
guide. Broadly speaking, landscape fragmentation
/ connectivity assessments are based on coarse
resolution land cover maps alone and did not
incorporate detailed road maps into the analyses.
In this sense, this study aims to analyse the
relationship between road density and landscape
fragmentation in the central districts of Izmir
province by addressing the following objectives
(1) to measure the fragmentation caused by roads
for different land cover types in the densely
populated districts of Izmir province, and (2) to
compare and contrast the current fragmentation
levels of the landscape and different land cover
types with roads and without roads.

2. Materials and Methods
2.1. Study Area and Datasets

Izmir province is located on the western Anatolia
region, at the coast of the Aegean Sea

(38.4237°N, 27.1428°E). It has an area of
12,015km2 with a population of 4,320,519 in
2018 (TUIK, 2018). In 2018, the population
growth rate was 0.95% with the population
density of 360person / km2. Situated in the
Mediterranean climate zone, 1zmir has hot and dry
summers and warm and rainy winters. Whilst the
hottest months in Izmir are July and August, the
coldest months are January and February (lzmir
MGM, 2019). In the province of Izmir,
agricultural lands occupy a large portion of the
whole city, and the dominant natural vegetation is
composed of Mediterranean coniferous forests
and shrub vegetation (Atalay, 1994). Even though
the Izmir province includes 30 districts, the case
study area was selected from the densely
populated urbanised districts of Izmir province
including Balgova, Bayrakli, Bornova, Buca,
Cigli, Gaziemir, Karabaglar, Karsiyaka, Konak
and Narlhdere (Figure 1). Izmir is the third most
populous city in Turkey with a dynamic economic
and social environment. So, the most significant
changes in the landscape is shaped by the increase
in population together with development of new
economic sectors which resulted in increasing
housing requirement and accordingly the
acceleration of new settlements and road
networks. In general, settlements have been
sprawled along the road networks.

0 225 45 9 13.5 18

Figure 1. Study Area
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In this study, | used data sources which are easy to
access and freely available from Copernicus Land
Monitoring Service for the year of 2012: vector
based CORINE Land Cover map-CLC2012 and
Urban Atlas map-UA2012 (Copernicus Land
Monitoring Services, 2018a and b). The CLC map
is a result of an inventory for Europe which was
initiated in 1985 by the European Union.
Originally, the CLC map of land cover in 44
classes with a minimum mapping area of 25ha and
a minimum width of 100m for linear land covers
(Copernicus Land Monitoring Services, 2018a).
CLC2012 of the study area was composed of 28
land cover classes. In order to simplify the land
cover data for analysis, these land cover classes
were aggregated into 12 broad land cover types:
Agricultural land; Beaches, dunes, sands; Broad-
leaved forests; Coniferous forests; Industrial,
commercial and transport units; Mine, dump and
construction sites; Mixed forests; Scrub and / or
herbaceous vegetation associations; Sparsely
vegetated areas; Urban fabric; Urban open and
green spaces; and Water and wetlands. On the
other hand, the creation of Urban Atlas data is
coordinated by the European Environment
Agency. The Urban Atlas map provides a
comparable LULC data for the Europe with a
minimum mapping area of 0.25 ha (Copernicus
Land Monitoring Services, 2018b). The roads and
road network was extracted from UA2012.

2.2. Landscape Metrics and the Relationship
between Roads and Landscape Fragmentation

In an attempt to quantify the spatial relationships
among landscape pattern a variety of landscape
metrics have been developed. Landscape metrics
generally focus on the characterisation of the
geometric and spatial properties of landscape
patterns and they can be computed in three levels,
namely patch, class and landscape. Patch level
metrics generally serve as the basis for the
calculation of class and landscape level metrics.
Whilst class level metrics are integrated over all
the patches of a given type and quantify the
amount and spatial configuration of each patch
type, landscape level metrics are integrated over
all patches / classes in the full extent of the
landscape. Class level metrics provide a means to
quantify the extent and fragmentation of each
patch type in the landscape, whereas the primary
interest of landscape level metrics is in the pattern
of the entire landscape mosaic (McGarigal et al.,
2002; Leitdo et al., 2012). As the basic landscape
pattern components, composition and
configuration have different types of metrics and
they measure different characteristics of
landscapes (McGarigal et al., 2002; McGarigal,
2014; Zhang et al., 2015). Composition metrics
describe the variety and abundance of the all patch
types without reference to their spatial character
in the landscape. On the other hand, configuration
metrics require spatial information for their
calculation and they refer to the spatial character,
arrangement, and position of patches.

Totally 12 landscape metrics were calculated in
FRAGSTSTS 4.2 including; 9 class level and 4
landscape level metrics (Table 1).

Table 1. Selected landscape metrics (Leitdo et al., 2012; McGarigal, 2014)

Metric Acronym and Range

Metric Description

Reason for Selection

Number of Patches NP > 1, without limit

Patch Density PD>0

Edge Density (m/ha) ED > 0, without limit

Area Weighted Mean
Patch Area (ha)

AREA AM > 0, without
limit

Total Class Area (ha) CA > 0, without limit

The number of patches of the given land
cover type (class and landscape level)

Number of patches per 100 hectares
(class and landscape level)
The sum of the lengths of all edge

The subdivision of
landscape as a simple
measure of
fragmentation

segments of the given land cover type,
divided by the total landscape area
(class and landscape level)

The area weighted mean size of the
given land cover type (class and
landscape level)

The sum of the areas of
all patches for the given
land cover type (class level)
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AREAisa
fundamental
characteristic of
landscape structure
PLAND and CA
represent the
proportional
abundance of each
land cover type as an
indication of
dominance in the
landscape
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Table 1. continued

Metric Acronym and Range

Metric Description Reason for Selection

Percentage of

Landscape (%) 0 <PLAND < 100

Area Weighted
Proximity Index

PROX_AM > 0, without
limit

Area Weighted
Euclidean Nearest
Neighbour Distance

(m)

ENN_AM > 0, without limit

cell size < MESH < total

Effective Mesh Size landscape area

The proportion of landscape occupied by
a particular land cover type (class level)

The degree of isolation and
fragmentation within a specified search
radius for the given land cover type
(class level)

Basic measures of

patch fragmentation
and isolation; in turn
spatial connectivity.

The shortest edge to edge distance
between the adjacent patches of the
same land cover type (class level)

Gives the probability of two points
chosen randomly in a region will be
connected (class level)

Selected landscape metrics include both the
composition and configuration metrics. These
landscape metrics were chosen because of their
ability to characterise the fragmentation / isolation
of a particular land cover type in the landscape
and they can provide a more in-depth analysis of

landscape pattern. Whilst the land cover map was
used as a proxy of the non-fragmented landscape
condition, landscape fragmentation caused by
roads was measured after superimposing the roads
on the land cover map (Figure 2).

Il Roads
CLC2012
B WaterWetland

7] UrbanGreenAreas

I UrbanFabric

[ Sparsely vegetated areas
[ Scrub and/or herbaceous vegetation associations
B Mixed forest 3
I MineDumpConstructionSite
I IndustrialCommercialTransport
I Coniferous forest

[ Broad-leaved forest

[1 Beaches, dunes, sands

[ Agriculture

Figure 2. Land cover map, road network map and land cover after superimposing the roads
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3. Research Findings and Discussion
3.1. Spatial Pattern of the Landscape

According to the results of FRAGSTATS analysis
at the landscape level for the land cover without
roads, the study area is composed of 427 patches
(AREA_AM=1973.95ha) with low PD (0.5) but
high ED (23.12). The pattern of each land cover
type was assessed on the basis of information
obtained from landscape metrics through a joint
interpretation of area-edge,
contagion/interspersion and aggregation metrics at
the class level (McGarigal et al., 2002). As the
dominant land cover types, Scrub and/or
herbaceous vegetation associations, Coniferous
forests and Agricultural lands cover 21.91%,
18.89% and 18.21% of the whole study area,
respectively. Among these three land cover types,
Scrub and/or herbaceous vegetation associations
has the highest NP (98). Whilst these three land
cover types reported very similar figures for PD
and ED, we can safely claim that Coniferous
forests represent the strongest structural
connectivity in the whole landscape based on their
AREA_AM, PROX_AM, ENN_AM and MESH
values. The common structural properties of
Mixed forests and Water and wetlands is having
similar spatial extent (3.52% and 3.90%,
respectively). However, whilst Water and
wetlands represent stronger structural connectivity
with smaller PD, ED, NP and larger AREA_AM,
PROX_AM, ENN_AM and MESH values, Mixed
forests represent a more scattered and isolated
pattern. Covering only 6.82% of the whole study
area with a small number of patches, Mixed
forests (3.52%), Sparsely vegetated areas (1.84%),
Beaches, dunes, sands (1.11%) and Broad-leaved
forests (0.35%) reported more isolated and
fragmented spatial pattern compared to the other
natural and semi-natural land cover types.
Occupying only 0.81% of the total study area,
urban open and green spaces have the second
lowest PROX_AM and MESH values. Together
with its small sized patches and relatively high
ED, these figures can be evaluated as an
indication of the high fragmentation and isolation.
Another important finding of the landscape
pattern analysis is that Urban fabric, Industrial,
commercial and transport units, and Mine, dump
and construction sites occupy almost one third of
the whole landscape in the study area (29.47%).
Among these there land cover types, Urban fabric
occupies 17.04% of the whole study area with the
largest AREA AM (3698.50ha) and relatively
small NP (31). With a very similar NP, PD and
ED values Industrial, commercial and transport
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units reported higher MESH value compared to
the patches of Urban fabric land cover type.
Taking into account these results together with
PROX_AM and ENN_AM for Urban fabric and
Industrial, commercial and transport units, it
seems that Urban fabric has relatively stronger
structural connectivity. Finally, in comparison
with the other artificial land cover types, Mine,
dump and construction sites occupy the smallest
land (1.71%) with a small number of scattered and
isolated patches in the whole study area.

3.2. Landscape Fragmentation Caused by Roads

As seen in Figure 2, roads are generally centred
on urban fabric of Bayrakli, Bornova, Buca,
Karabaglar, Karsiyaka, Konak districts along the
coastal area and spread into the natural and semi-
natural land cover types which are sparsely
populated. Whilst the land cover map without
roads was used as a proxy of the non-fragmented
landscape condition, landscape fragmentation
caused by roads was measured after
superimposing the roads on the land cover map
and by calculating and comparing the results of
the same class and landscape level metrics on this
map. The overall results of the spatial analysis at
class and landscape levels for the land cover
without roads and after superimposing roads are
given in Table 2 and 3. As expected
superimposing the road map on the land cover
map eliminated the total area of all land cover
types in the study area. The total landscape area is
decreased from 84856.67ha to 79710.23ha
indicating that roads cover 6.06% (5146.44ha) of
the whole study area. Here, it is important to note
that even though roads form a large part of
artificial surfaces in urban environments, because
they are extracted from other artificial land cover
types, the total area of those decreased, too.
However, since the scope of this paper is to
evaluate the landscape fragmentation of natural
and semi-natural land cover types which is
thought to be caused by roads, artificial surfaces
are excluded from the evaluations.

At the landscape level, the number of patches
reported a large increase (from 427 to 22801) with
a decrease in AREA AM of almost two third.
These substantial changes in the total number and
area of patches also imply the large extent of road
network distribution in the study area. In addition
to this, considering the larger values for PD and
ED, we can safely claim that the whole landscape
became much patchier and fragmented compared
to the previous landscape condition.
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Contrary to expectations, superimposing roads
over the land cover types in the study area
eliminated only 1.42% of the natural and semi-
natural land cover types (848.76ha). This might be
attributed to the fact that the amount of tracks
(which are not included in road network) is much
more than the sealed roads where there are large
patches of forests and other natural and semi-
natural land cover types present. But yet, for all
the natural and semi-natural land cover types, the
change in AREA_AM and MESH values
generally indicate that the incorporation of roads
into landscape has much more adverse effects on
landscape fragmentation.

Amongst all the natural and semi-natural land
cover types, the largest decrease is seen in the area
of Scrub and/or herbaceous  vegetation
associations (246.62ha). Also, superimposing
roads into the land cover map caused Scrub and/or
herbaceous vegetation associations to become
structurally more fragmented with a higher
number of small sized patches (NP from 98 to
685, AREA_AM from 1473.75ha to 628.64ha).
Coniferous forests have also experienced a
substantial increase in its NP (around 4.5 times)
with increasing PD and ED, and decreasing
AREA AM and MESH values. A similar change
is observed in the spatial pattern of Mixed forests,
Sparsely vegetated areas, Broad-leaved forests,
Water and wetlands and Beaches, dunes, sands.
Finally, the comparison of the results of landscape
metrics for Urban open and green spaces imply an
increased fragmentation in its pattern. However,
these areas are mainly centred on the built-up
areas in urban fabric and surrounded by roads to
provide accessibility for the public. These figures
may not accurately describe road caused
fragmentation in the landscape for Urban open
and green spaces. For each land cover type, both
ENN_AM and PROX_AM indicated that adding
much more road into the landscape would actually
reduce landscape fragmentation. So, it was
concluded that the behaviour of these metrics was
inconsistent as an indication of fragmentation in
the study area.

These findings broadly support the work of other
studies in this area linking the presence of roads
with  landscape fragmentation. Roads are
continuous and linear features which are
connected to each other in the form of networks
and spread over other land cover types in urban
environments (Riitters et al., 2004). In additon to
its direct influences, the presence of roads might
have a variety of indirect impacts on nature, such
as decreasing habitat quality (Riitters et al., 2004;
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Bennett, 2017). Also, generally spoken these
effects seem to become greater because of the fact
that roads encourage the development of new
houses and facilities around roads and vice versa
(Hawbaker et al., 2006; Ribeiro et al., 2016). As
expected, the hot spots of roads are mainly
concentrated around built-up areas, since these
areas have a long history in land use, urban and
transportation development and accordingly they
constitute the backbone of accessibility routes for
a variety of activity in urban environments, such
as supporting retail and tourism (Cai et al., 2013;
Riitters et al., 2004). Superimposing the road
maps on the land cover map resulted in an
increase in fragmentation on the whole landscape
and also on individual land cover types.
Moreover, this process reduced the total amount
of natural and semi-natural land cover types and
to some extent, and resulted in the dissection of
the natural and semi-natural land-cover types.
However, the substantial change found in the
results could also be a result of overlaying maps
with different resolutions (Riitters et al., 2004),
and so these results therefore need to be
interpreted with caution.

Methodologically, as with Riitters et al. (2004)
claimed, we can say that some landscape metrics
do not work very well to explain the level of
fragmentation caused by roads. For example,
according to decreasing ENN_AM and increasing
PROX_AM values after superimposing the road
maps on the land cover map, we can suggest that
the adding much more road into the landscape
would actually reduce landscape fragmentation in
the study area. This inconsistency may be due to
the creation of small patches when overlaying
maps with different resolutions. As argued by
Riitters et al. (2004), an acceptable landscape
metric as a measure of fragmentation should
behave in a logical direction and the changes in its
values should be consistent for different land
cover types at different locations. On the other
hand, number of patches (NP), area-weighted
mean patch area (AREA_AM), edge density (ED)
and effective mesh size (MESH) seem to be much
more robust landscape metric when measuring
landscape fragmentation.

Finally, even though roads and road networks
have detrimental effects on landscapes, nature,
biodiversity and people, there are ways of using
the roads and road networks as the backbone of an
extensive ecological corridor, to reverse its
adverse effects and maximise its potential for
biodiversity and people. It is important to note
that there are evidences that show roadside
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vegetation and vegetated verges have potential to
support a variety of species when sufficiently
vegetated and managed (Auestad et al., 2011,
O'Sullivan et al., 2017; Jakobsson et al., 2018).
Accordingly, by constituting an extensive linear
network of vegetated areas, roads and road
networks can support landscape connectivity
rather than its fragmentation effect. Finally, as
suggested by O'Sullivan et al. (2017), the
management of roadside vegetation alongside
road networks is crucial in providing connected
and functioning ecosystems in urban landscapes,
particularly where we lost existing green spaces
and have expanding road networks.

4. Conclusions

In this paper, the aim was to explore the
relationship between the presence of roads and
landscape fragmentation in the central districts of
Izmir province, using landscape metrics at class
and landscape level. the development and
presence of roads in urban environments is an
inevitable result of urban development, and for
sure the development and expansion of road
networks in and around urban environments will
continue in the near future (Coyner, 2008).
Therefore, from a planning point of view it is
important to find ways of how we can mitigate the
adverse effects of roads. As mentioned earlier,
one of the ways of doing this can be the use and
management of roadside vegetation and
sufficiently vegetated verges to enhance the
landscape and support biodiversity (Hambrey
Consulting, 2013; O'Sullivan et al., 2017). For
example, Lawton et al. (2010) suggest that habitat
creation can allow a more gradual transition
between the boundaries of existing habitats and
other land uses. In this case, 6.06% (5146.44ha) of
the study area is composed of road networks. This
means that if we create roadside vegetation and
sufficiently vegetated verges along road networks,
we can mitigate its adverse effects on nature and
biodiversity and enhance its potential for
biodiversity. In addition, roadside vegetation
together with paths and pavements can constitute
the backbone of functional accessibility routes for
people since they are generally accessible to the
public and provide linear connections in between
urban green and open spaces (Moseley et al.,
2013). Hence, we can safely claim that roads and
road networks can be used as a crucial component
in the landscape to create much more liveable
landscapes for wildlife and people. Finally, the
care and regular maintenance of these areas will
also play an important role in improving
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landscape quality and promoting biodiversity
(Kettunen et al., 2007).

It is a well-known fact that the expanding road
networks are a major contribution to the
fragmentation of landscapes. It is important to
measure the degree of fragmentation caused by
roads and road networks. The results of this study
are in agreement with the previous research which
suggests that roads lead increasing fragmentation
in the landscape (e.g. Riitters et al., 2004; Zhang
et al., 2015). When the roads are superimposed on
the land cover map, both the whole landscape and
different land cover types are dissected and
become more fragmented. This study has also
shown the importance of specific landscape
metrics in fragmentation analysis since the
behaviour of some landscape metrics gave
inconsistent interpretations in terms of the aim of
this study. For example, whilst NP, AREA_AM,
ED and MESH seem to be much more robust
landscape metrics to explain the level of
fragmentation caused by roads, ENN_AM and
PROX_AM do not work very well (Riitters et al.,
2004). Therefore, we should use and test a variety
of landscape metrics which are all known to be
highly suitable as indicators for monitoring
fragmentation and select the results of which can
provide a comprehensive description  of
fragmentation in our case study area.
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