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Rapid expansion of roads is among the strongest drivers of the loss and degradation of natural habitats. The goal of the present study is to quantify landscape fragmentation and degradation before and after the construction of the Isfahan-Shiraz highway in southern Iran. To this end, the ecological impacts of the highway on forests, rangelands, and protected areas were evaluated. Impacts of the construction of the highway were studied within a 1,000-m buffer around the road, which was then overlaid on maps of forests, rangelands, and protected areas. Class area, number of patches, largest patch index, edge density, landscape shape index, mean patch size, and patch cohesion index were used to gauge changes in the spatial configuration of the landscape; the ecological impacts of the highway were quantified using effective mesh size (MESH), division index, and splitting index. The results indicated that after the construction of the highway, 6,406.9 ha of forest habitat, 16,647.1 ha of rangeland habitat, and 912 of the Tang-e Bostanak Protected Area will be lost. The effective MESH metric showed that after the construction of the highway, the area of forest, rangeland habitats and protected area will decrease by 20,537, 49,149, and 71,822 ha, respectively. Our findings revealed drastic habitat loss and landscape fragmentation associated with construction of the highway, serving as references for conservation planning and development.
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INTRODUCTION

Over the last few decades, anthropogenic activities have substantially altered landscape structure, pattern and dynamics in response to spatial and temporal changes in land utilization (Singh et al., 2017; Kumar et al., 2018). Landscape fragmentation is to a large extent caused by infrastructural development, mining activities, reduction in forest cover, population growth, conversion of land due to agricultural expansion, etc. (Turner et al., 2003; Kumar et al., 2018; Cao et al., 2021; Feng et al., 2021). People in developing countries often depend almost entirely on natural resources to meet their basic needs (Zhao et al., 2006; Parsa et al., 2016). Therefore, sustainable land management is increasingly confronted with competition from utilization and overexploitation, which requires constant monitoring of land use and land cover changes over time (Shooshtari et al., 2012; Mansour et al., 2020; Mishra et al., 2020).

The rapid growth of the global human population coupled with accelerating economic development has led to increasing construction of road infrastructures, raising the alarm over possible impacts on the environment and habitats (Laurance et al., 2017; Ruiz and Guevara, 2020; Valerio et al., 2021). Roads are the most prevalent form of constructed features on Earth and can be found almost everywhere on the planet (Ibisch et al., 2016; Ascensão et al., 2021). Estimates predict that an additional 25 million km of roads will be constructed by 2050, almost entirely (90%) in developing countries (Dulac, 2013; Ascensão et al., 2021). Roads are essential to economic growth and improved quality of human life; however, these man-made features can also negatively impact wildlife by partitioning habitats and increasing wildlife mortality due to collisions with vehicles (Ali et al., 2015; Carter et al., 2020; Ascensão et al., 2021).

Roads contribute to loss of biodiversity, both directly, through habitat fragmentation and degradation (Meijer et al., 2018; Silva et al., 2020; Fullman et al., 2021), reduced movement and gene flow (Epps et al., 2005; Cushman et al., 2010; Dean et al., 2019), increased risk of wildlife vehicle collisions (Mohammadi and Kaboli, 2016; Mohammadi et al., 2018; Saint-Andrieux et al., 2020; Borowik et al., 2021) and increased disturbance (Leblond et al., 2013; Iglesias-Merchan et al., 2018), and indirectly, via providing access for poaching (Clevenger et al., 2002; Ordiz et al., 2017; Kaszta et al., 2019; Carter et al., 2020).

Landscape metrics quantitatively capture the composition and configuration of habitats in a landscape and often reflect the degree of fragmentation (McGarigal and Cushman, 2005; McGarigal et al., 2012). Landscape metrics offer insights into the different land cover and habitat types in a landscape and reveal landscape patterns and processes (Loraamm, 2011). These metrics are generally utilized to identify natural or anthropogenic changes at the level of patches, classes, or landscapes (McGarigal and Cushman, 2005).

The majority (76%) of available studies on the ecology of roads and their detrimental impacts on wildlife and natural environments have been primarily conducted in Europe and North America, and few were performed in Asian countries (Kaszta et al., 2019, 2020; Silva et al., 2020). Over the past three decades, the road network in Iran has developed rapidly (Mohammadi et al., 2018). The study of landscape fragmentation due to construction of roads has a long history in many countries, but research in this field has only recently begun in Iran (Mohammadi and Kaboli, 2016; Moqanaki and Cushman, 2017; Mohammadi et al., 2018, 2021a; Parchizadeh et al., 2018; Mehdipour et al., 2019). Unfortunately, the expansion of the road network in Iran, particularly within protected areas, has been rapid and mostly without regard for the basic principles of conservation (Mohammadi and Kaboli, 2016; Mohammadi et al., 2018). This fact has caused an increasing number of wildlife-vehicle collisions, jeopardizing the survival of several species. For instance, endangered species such as the Asiatic cheetah (Acinonyx jubatus venaticus), the Persian leopard (Panthera pardus saxicolor) and, the Persian onager (Equus hemionus onager) are seriously threatened by roads in Iran (Farhadinia et al., 2013; Moqanaki and Cushman, 2017; Mohammadi et al., 2018, 2021b). Moreover, an investigation in the Hyrcanian forests of Iran showed that the growth of some of the native species, such as Carex buxbaumii, C. hordeistichos, Galium triflorum, Geum urbanum, Hypericum androsaemum, Primula vulgaris, and Solanum kieseritzky was suppressed by the road construction, and hence, their percent cover was lowered significantly (Tarvirdizadeh et al., 2014).

To assess how ecological processes and biodiversity are affected, it is essential to collect information on landscape characteristics such as connectivity, habitat amount, potential fragmentation, and loss of habitat (Cushman, 2006). As a result, use of quantitative methods enhances current approaches to environmental assessment of the effects of landscape degradation (Karlson and Mörtberg, 2015; Kaszta et al., 2019, 2020).

The construction of the Isfahan-Shiraz highway (from central to southwestern Iran) began in early 2010s. The highway was originally due to open by 2019, but its opening was delayed and is now expected to be completed by the end of summer 2021. Along its total length of 225 km, the highway passes through natural habitats and protected areas, potentially exerting adverse effects on its surrounding environments. Therefore, evaluating the potential impacts of this road on landscapes and proposing guidelines for conservation and planning strategies is crucial for rapid assessment of landscape and mitigation of negative effects on both the ecological and sociological resources.

Here, we aim to analyze the relationship between the construction of the highway and landscape fragmentation in southern Iran by addressing the following objectives: (1) to measure the fragmentation caused by this highway for different land cover types, and (2) to compare and contrast the current fragmentation levels of the landscape and different land cover types in the absence and presence of the road.



MATERIALS AND METHODS


Study Area

The Isfahan-Shiraz highway connects Isfahan (capital of Isfahan province in central Iran) to Shiraz (capital of Fars province in southern Iran) and runs south for 323 km (Figure 1). Along its length of 210 km, the highway is joined with Samirom, Yasouj, and Takht-e Jamshid roadways through a series of connector roads (Figures 1–3). The width of the highway is 30 m. The highway is in close vicinity of the Tang-e Bostanak Protected Area, a sensitive area under protection by the Department of Environment of Iran, and 8 km of the highway passes through this protected area. The Tang-e Bostanak Protected Area was designated as a protected area under Enactment 194 of Iran’s High Council for the Environment on January 5th, 2000. The Protected Area covers 14,960 ha and is mostly covered by forest and montane vegetation. Its mean elevation ranges between 1,700 and 3,700 m above sea level. The region has an Irano-Turanian climate with dry summers and very cold winters with snowfall and freezing temperatures. Mean temperature in the region is 14–16°C, and mean annual precipitation is 479.42 mm. The area’s major mammal fauna includes brown bear (Ursus arctos), Persian leopard (Panthera pardus saxicolor), gray wolf (Canis lupus), red fox (Vulpes vulpes), golden jackal (Canis auerus), wild cat (Felis lybica), striped hyaena (Hyaena hyaena), European badger (Meles meles), and wild goat (Capra aegagrus; Darvishsefat, 2006).
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FIGURE 1. Geographical location of the Isfahan-Shiraz highway and protected areas in Iran (A) and Fars province (B).
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FIGURE 2. Sections of the highway passing through the Tang-e-Bostanak Protected Area.
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FIGURE 3. Location of forests, rangelands, protected areas, primary roads, and the Isfahan-Shiraz highway in Fars province.




Ecological Impacts of the Highway on Protected Areas, Forest and Rangeland Land Cover

We used the land cover map of Iran created by the Iranian Forests, Range and Watershed Management Organization. This map was based on the maximum likelihood classification of Landsat 8 satellite images at 30 m resolution mainly from 2018. We extracted forests and rangelands from the land cover map for further analysis. Also, the most recent shapefiles of Iran’s conservation network including national parks, protected areas, wildlife refuges, and no-hunting zones were used. In this study, landscape fragmentation and the ecological impacts of the highway on protected areas, forest cover, and rangeland cover were separately evaluated under conditions of presence and absence of the highway. The area affected by the Isfahan-Shiraz highway was identified as a 1,000-m buffer around the road (Forman and Alexander, 1998), which was then overlaid on maps of protected areas, rangeland and forest land covers in ArcGIS 10.4. Landscape metrics were calculated for the landscape under conditions of presence and absence of the highway in FRAGSTAT 3.3 (McGarigal and Cushman, 2002). The following seven metrics were used to evaluate structural changes: class area (CA), number of patches (NP), largest patch index (LPI), edge density (ED), landscape shape index (LSI), mean patch size (MPS), and patch cohesion (COHESION; Table 1). Landscape fragmentation and the ecological impacts of the highway were evaluated using effective mesh size (MESH), division index (DIVISION), and splitting index (SPLIT; Table 1).


TABLE 1. Metrics used for the analysis of fragmentation and degradation of protected areas, rangeland, and forest land covers.
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RESULTS


Degradation of Forest Habitats

The results showed that in the absence of the highway (natural conditions) the CA metric for forest is equal to 537,195.6 ha, which will decrease to 530,788.7 ha after the construction of the highway as 6,406.9 ha (1.19%) of forest habitat will be destroyed (Table 2). The number of forest habitat patches will increase from 34 to 35 following the completion of the highway (Table 2). LPI will fall from 15 to 10, meaning the construction of the highway will reduce the size of the largest forest patch by 30%. After construction of the highway, ED will increase to 1.38 m (from 1.36 m prior to construction), reflecting an increase in edge length in forest habitat patches (Table 2). LSI is 10.33 in the absence of the highway, but will reach 10.56 when the highway is built (Table 2).


TABLE 2. Assessing habitat degradation and fragmentation of the forest and range land cover before and after construction of the Isfahan-Shiraz highway.
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 In the absence of the highway, MPS is 15,799 ha, which will reduce to 15,165 ha after the construction of the highway (Table 2). The 634 ha (4.01%) decrease in MPS represents a significant decrease in the core area of patches and an increase in edge length, which lowers the ecological and conservation value of forest patches. COHESION (measured in percent) represents the continuity and physical connection between forest patches in the landscape. The results showed that under natural conditions, the cohesion of the forest landscape in our study area is 98%, which will decrease to 97% after the construction of the highway, indicating lowered cohesion of the forest landscape and hampered physical connection between forest patches (Table 2).



Fragmentation by the Highway in the Forest Landscape

The results showed that the effective MESH is 50,024 ha in the absence of the highway, and 29,487 ha in the presence of the highway (Table 2). The 20,537 ha decrease (41%) is a substantial reduction, indicating a large increase in fragmentation in the forest landscape as the highway has separated forest habitat patches by 40%. The SPLIT also rose from 40 under natural conditions to 68 after the construction of the highway (Table 2), representing a 70% increase in fragmentation. Although the DIVISION was high to begin with, the highway will further aggravate the conditions, elevating this metric to 0.98 (Table 2). This increase illustrates a decrease in the size of forest habitat patches, which in turn decreases the likelihood of wildlife being present in the patches.



Degradation of Rangeland Habitats

The results showed that CA of rangeland habitat is 934,643.7 ha under natural conditions, which will decline after the construction of the highway and reach 917,996.6 ha, representing a 16,647.1 ha (1.78%) loss in rangeland habitats (Table 2). The number of rangeland habitat patches will increase from 35 to 38 (Table 2). Moreover, LPI will decrease by 4 (from 34 to 30), indicating that the construction of the highway will shrink the largest patch by 4%, therefore increasing edge length (Table 2).

Edge density will increase from 1.77 to 1.85 m following the construction of the highway (Table 2), which indicates an increase in edge length in rangeland patches. In the absence of the highway, LSI is 10.99, while it increases to 11.55 in the presence of the highway, signifying increased disruption in rangeland patches (Table 2). MPS of rangeland patches is 26,704 ha under natural conditions, which will decrease by 2,546 ha after the construction of the highway and reach 24,157 (24.15%). This decrease will lead to a reduction in the core area of habitat patches and lower their conservation and ecological value. COHESION in the rangeland landscape was approximately 99% before the highway was built, but will decrease to 98% afterward (Table 2). This decline illustrates lowered cohesion of the rangeland landscape and reduced connectivity between patches (Table 2).



Fragmentation by the Highway in the Rangeland Landscape

In the absence of the highway, MESH is 245,577 ha, which will experience a dramatic decline and drop to 196,428 ha following the construction of the highway. This 49,149 ha decrease is a remarkable reduction, indicating a large increase in fragmentation in the rangeland landscape as the highway severs rangeland habitat (20% increase in MESH value). SPLIT is 8.2 before the construction of the highway, but will increase to 10.3 afterward (Table 2). The 25% increase in SPLIT also indicates a large increase in fragmentation compared to the conditions prior to the highway construction. The DIVISION metric was 0.87 before the construction of the highway, but will rise to 0.90 after the highway is constructed (Table 2), reflecting a decrease in the size of rangeland habitat patches.



Degradation of Protected Areas

The CA for the Tang-e Bostanak Protected Area is 14,960.02 ha before the construction of the highway, but roughly 912 (6.09%) ha of the protected area will be lost after the construction of the highway, bringing CA down to 14,048.89 ha (Table 3).


TABLE 3. Assessing habitat degradation and fragmentation of the Tang-e Bostanak Protected Area before and after construction of the Isfahan-Shiraz highway.
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 Largest patch index changes from 83.65 to 83.34 after construction of the highway, indicating a 0.41% reduction in the area of the Tang-e Bostanak Protected Area habitat patch, which will in turn increase edge length (Table 3). Total edge (TE) length was 8,976,570 m prior to the construction of the highway, increasing to 9,241,860 (2.3%) m afterward. The 265,290 m increase in TE reflects an increase in edge length in the Tang-e Bostanak Protected Area (Table 3).

Landscape shape index is 8.3 under natural conditions, but will increase to 8.5 after the highway is constructed (Table 3). This change represents increased disturbance in protected areas, deteriorating ecological conditions, and lowered conservation value. Under natural conditions, COHESION is 99.78%, which will decrease to 99.76% after the highway is constructed (Table 3). This reduction indicates decreased landscape continuity and integrity, and reduced physical connectivity between protected areas.



Fragmentation by the Highway in Protected Areas

Before the construction of the highway, MESH is 8,101,776 ha for protected areas; however, this metric will reduce to 8,029,954 ha after the highway is constructed. A 71,822 ha (1%) reduction in MESH shows the increased fragmentation and loss of protected areas as a result of the highway construction (Table 3). The SPLIT will increase from 1.16 under natural conditions to 1.17 after construction of the highway (Table 3). This small increase means that the highway has worsened fragmentation of protected areas compared to natural conditions. The DIVISION is 0.29 in the absence of the highway, but will increase to 0.30 afterward (Table 3), reflecting a decrease in the size of protected areas.




DISCUSSION

Based on our results, the detrimental effects of the construction of the highway will inevitably result in multi-faceted consequences for the environment and its components in the study area. Roads and highways pose barriers to movement of a broad range of animals (Forman et al., 2003; Shepard et al., 2008). In addition, they are associated with elevated mortality caused by vehicle collisions and by providing access to humans for hunting, poaching and other forms of disruption (e.g., Kaszta et al., 2019, 2020). The results of the spatial ecological effects of the highway on natural habitats showed that forest and rangeland habitat types are of highest biodiversity value in our study area and are most exposed to road effects. Our findings are consistent with the results of Freitas et al. (2010) who indicated that road network density had the strongest relationship with deforestation and forest fragmentation. Similarly, Laurance et al. (2009) found that roads can have an array of deleterious effects on tropical forests and their associated wildlife. Nagendra et al. (2003) also highlighted the role of roads in causing deforestation. Areas closer to roads located at lower elevations were predominantly covered by agricultural land and were more severely fragmented, while areas further away from roads located at higher elevations were dominated by forests and were less fragmented.

Fars province has experienced significant population growth and industrial development over the past few decades owing to its hospitable weather and strategic geographical location as the transit corridor of southern Iran (Ministry of Economic Affairs and Finance, 2018). Both provinces of Fars and Isfahan encompass areas with high-value wildlife habitats which have considerable potential as future protected areas. The study area, in particular, contains outstanding habitats and is home to important species of conservation value; at the same time, the landscape is extensively fragmented by linear infrastructures, forcing wild species to be hemmed in by roads.

The conflicts between road construction and environmental protection have motivated research on the subject, particularly in central Iran. For instance, Makki et al. (2013) used a habitat evaluation procedure to investigate the effects of the Isfahan Western Bypass Road and showed that the roads will severely affect the Ghamishloo Wildlife Refuge through fragmentation. Furthermore, Mehdipour et al. (2019) found that the construction of roads has led to subdivision in the Ghamishloo National Park and Wildlife Refuge, as indicated by an increase in SPLIT and DIVISION and a decrease in MESH and LPI. Research on the effects of roads on landscape characteristics (Jaeger et al., 2008; Zebardast et al., 2011; Zomeni and Vogiatzakis, 2014) similarly found that road-induced decrease in MESH and increase in SPLIT and DIVISION are indicative of increased fragmentation and pose a threat to species which require large areas to survive as smaller patches jeopardize their survival.

Overall, the results of the present study showed that construction of the Isfahan-Shiraz highway will lead to the degradation of forest and rangeland habitats, as well as the Tang-e Bostanak Protected Area. Our findings demonstrated that following the construction of the highway, destruction and fragmentation of ecosystems and, in turn, loss of biodiversity and wildlife habitat will likely increase. We found that the number of forest and rangeland patches will increase greatly after construction of the highway. According to the principles of landscape ecology, a larger NP in an ecosystem implies that the ecosystem is more fragmented (at a given extent of habitat; e.g., Wasserman et al., 2012). A large NP is indicative of splitting and loss of connectivity in a previously homogeneous landscape; therefore, an increase in the NP metric reveals fragmentation and loss of continuity in the habitat (McGarigal and Marks, 1995).

Based on our results, a considerable portion of the protected area will be affected by the construction of the highway. In many cases, the residual patches after highway construction would be too small to support animal species that require large habitat extents, particularly carnivores of this region (e.g., brown bear, Persian leopard, and striped hyena). These species are all associated with areas of low human footprint, and are negatively affected by roads. For instance, Mohammadi et al. (2021a) showed that most parts of the brown bear connectivity network are intersected by roads in Iran. They also found low overlap between protected areas and brown bear corridors/core habitats, suggesting that the existing network of protected areas may be inadequate for conservation of the species in Iran. In another research, Ahmadi et al. (2021) showed that the existing protected areas conserve only 32% of the suitable habitats for the Asiatic cheetah (Acinonyx Jubatus venaticus) and the Persian leopard in Iran. In addition, according to a study by Shahnaseri et al. (2019), nearly the entire core habitats and corridors identified for the golden jackal and the gray wolf in central Iran are impacted by roads.

Habitat suitability and landscape connectivity are among the main determinants of roadkill risk for wildlife species (Grilo et al., 2011; Kang et al., 2016; Fabrizio et al., 2019), such as the European badger (Fabrizio et al., 2019). Although considered a habitat generalist, several studies have highlighted the strong dependence of the European badger on forests (Huck et al., 2008; Fabrizio et al., 2019), making it highly vulnerable to forest loss and habitat fragmentation. Also, striped hyaenas in Iran are constantly threatened by road vehicle collisions (Tourani et al., 2014; Mohammadi et al., 2018), habitat destruction and land modification (Dadashi-Jourdehi et al., 2020). Road construction and habitat fragmentation coupled with water scarcity and the aridity of landscapes further reduce the suitable habitats for certain wildlife species in Iran, especially the wild goat.

Other research has also highlighted the role of roads in fragmentation of habitats and increasing vehicle-induced wildlife mortalities (Moqanaki and Cushman, 2017; Parchizadeh et al., 2018; Kaboodvandpour et al., 2021; Mohammadi et al., 2021b). The majority of conservation areas in Iran are surrounded by roads, making road collisions a serious threat for carnivores, especially in corridors. It is therefore vital to protect core habitats and corridors in order to sustain core populations of species and enable dispersal among populations in the face of various threats. In a fragmented landscape, the long-term persistence of species depends on demographic exchange and gene flow among subpopulations (Cushman et al., 2012; Reding et al., 2013). Thus, maintaining landscape connectivity has increasingly become a focus of conservation efforts, particularly for species with specific biological traits such as large body sizes, low densities, large home ranges, and slow growth rates (Di Minin et al., 2016). As a result, there is a need to identify spatial priorities for carnivore conservation while accounting for habitat connectivity.

Long-term species conservation depends on connectivity of populations in order to locally conserve populations and to secure their range shifts in response to future threats such as climate change (Ashrafzadeh et al., 2020; Khosravi et al., 2021) and land use change (Moqanaki and Cushman, 2017). Connectivity networks can help mitigate the negative effects of habitat loss and fragmentation (Cushman et al., 2014). Establishment of strictly protected areas is often politically challenging. Therefore, we strongly recommend the use of new less strictly protected areas, such as no-hunting zones, close to the Tang-e Bostanak Protected Area.

Mean patch size has decreased in forest and rangeland classes after construction of the highway. This reduction indicates a decrease in the core area of the patches and an increase in edge length, which will likely result in reduction of ecological and conservation value. Low MPS coupled with high NP reinforce that the landscape is fragmented and this fragmentation is increased by the highway. The patch cohesion index (COHESION) has similarly decreased in forest and rangeland land cover classes, which means the continuity and integrity of these land cover classes has suffered and the connectivity between patches has been adversely affected. The lowered cohesion can negatively affect the movement of wildlife, their range, and movement corridors, as well as impacting their reproductive and feeding behavior. The LPI index has also declined following the construction of the highway, which illustrates how this change in the landscape has shrunk larger patches, the final stage of habitat loss and fragmentation, which in turn has increased edge length in the forest and rangeland landscapes. Shrinkage of the landscape puts the habitat in a critical viability state (Cushman et al., 2010). This decrease in patch size, accompanied by the increase in edge habitats, jeopardizes the survival of wildlife due to a decrease in the size of core areas within patches.

Edge density also increased following the construction of the highway in forest and rangeland classes. An increase in this metric demonstrates a decrease in patch size, an increase in the raggedness of patches and an increase in DIVISION, in turn leading to the expansion of boundary habitats and greater fragmentation (Feng et al., 2021). The LSI has increased for both classes, a sign of increased disturbance in forest and rangeland patches, rugged patch shapes and alterations to their natural configuration, which increases landscape pattern fragmentation and lowers their conservation value.

Effective MESH has declined for forest and rangeland landscapes. The decrease in this metric reveals increased fragmentation; in other words, the highway will disconnect forest and rangeland habitat patches. In addition to the direct mortality risk through road-kill, the severance of connectivity between patches affects animals’ feeding and reproductive behavior by reducing the ability of species to survive. The SPLIT for forest and rangeland classes will also increase after the highway is built, meaning that fragmentation will increase in these habitats. Fragmentation of a habitat into smaller patches is evidence of increased edge length. This has significant implications for the habitat and its biodiversity, which leads to reduced access to resources by wildlife and indicator species.

The DIVISION will increase following construction of the highway, due to increased fragmentation and larger NP, meaning the size of forest patches will decrease and the survival of species is threatened. In a similar work by Barati et al. (2017) in Kolah Ghazi National Park in central Iran, MPS increased between 1993 and 2003, indicative of consolidation of small patches and an increase in the size of patches, both contributing to reduced fragmentation and improved landscape integrity.

Jahani (2019) used NP, ED, and effective MESH to quantify fragmentation in Lar National Park and Varjin Protected Area in Iran. Their results showed that unpaved roads, agricultural activities, and dams were, respectively, the most significant factors influencing fragmentation in the habitats of the leopard, wild goat, and wild sheep in the study area. In Varjin Protected Area, agriculture was the most important factor affecting wildlife habitats. In our study, effective MESH also decreased in the protected area (Tang-e Bostanak Protected Area) after construction of the highway. Increased numbers of barriers within a landscape decrease the value of this metric, equivalent to reduced cohesion (Jahani, 2019).



CONCLUSION

Our aim was to study the impacts of the road network on its surrounding environment and nearby protected areas at the landscape level in southern Iran. We evaluated road-induced fragmentation using a selection of landscape metrics. The findings highlighted that the construction of the Isfahan-Shiraz highway will cause substantial landscape fragmentation and dissection of the land within both the landscape at large and in the Tang-e Bostanak Protected Area. We suggest that indicator species which are harmed by the highway such as brown bear and Persian leopard be identified, and that their movement corridors be determined within the area affected by the highway based on monitoring and records of their presence. The remaining small patches should be protected owing to their ecological significance for connecting large patches. Furthermore, habitat corridors bisected by the highway can become hotspots of vehicle-wildlife collision in the future when construction of the highway is complete. As large-scale mitigation measures are less likely to address landscape-scale impacts of roads in Iran, it is necessary to employ practicable measures. Hence, at locations where ecological corridors used by indicator species overlap with the highway, passage structures (overpasses, underpasses, and water passage ways) should be built to reduce road mortality of wildlife (e.g., Cushman et al., 2014). In short, the findings of this study show that quantification of landscape patterns can help us understand the connections between human activities (such as road building) and changes in the landscape. The results strengthen the need to further explore the potential impacts of highway construction in or adjacent to sensitive habitats. These findings can also direct policy and planning toward sustainable development. Although our results were promising, further investigations employing a larger number of landscape metrics and other parameters such as configuration and patch isolation are required.
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