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Abstract There has been a growing pressure of human
activities, especially road network, on natural habitats of
the world, which has led to habitat degradation and loss of
ecosystem services. To mitigate the impacts of human
activities, appropriate studies quantifying ecosystem ser-
vices and assessing ecological impacts of road network
are essential. The main goal of this study was modeling
habitat quality and habitat degradation of Chaharmahal

and Bakhtiari province in the southwestern part of Iran,
which is among themost important habitats for wild sheep
(Ovis orientalis) classified as vulnerable on the IUCNRed
List. In this study, we used the habitat quality module of
the InVEST software (Integrated Valuation of Environ-
mental Services and Tradeoffs), which was driven from
land use/cover data, information on anthropogenic threats,
and expert knowledge. We tested the reliability of the
habitat quality values by comparing them with the distri-
bution map of wild sheep obtained from the Department
of the Environment. Then, to have a more comprehensive
assessment of the roads’ effects on the natural habitats of
this province, considering ecosystem services model, the
Spatial Road Disturbance Index (SPROADI) was applied
as a landscape index. The results of this study revealed
that the east and north eastern parts of the study areawhich
were among themost suitable habitats for wild sheepwere
highly affected by road network. Overall, findings of our
study provided useful information on the spatially explicit
distribution of habitat quality and degradation which were
a valuable input for conservation planning and enhancing
ecosystem services.

Keywords Ecosystem services . InVEST . Habitat
quality . Ecological impacts . SPROADI . Road network

Introduction

There has been a growing pressure of human activities
on ecosystems and natural habitats, which has caused
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high rates of habitat degradation and loss of the benefits
such as air quality, climate regulation, and habitat ser-
vices (“ecosystem services”) that ecosystems provide
(Butchart et al. 2010; Terrado et al. 2016). These chang-
es have been so widespread that about 32.8% of the
global protected area networks are heavily influenced by
human activities (Jones et al. 2018). As stated by recent
assessments, up to 60% of the world’s ecosystem ser-
vices have been degraded (Maes et al. 2015; Lanzas
et al. 2019). To mitigate the impacts of human activities,
it has been necessary to quantify the current status of
ecosystem services. The four main categories of ecosys-
tem services are provisioning, supporting, regulating,
and cultural (Millennium Ecosystem Assessment
2005; Lanzas et al. 2019). The major problem is that
the benefits and values of nature are still largely invis-
ible to people and decision makers in business and
governments (Albert et al. 2016). These services should
be considered and also valued in ensuring the sustain-
able management of multi-functional landscapes which
support human well-being (Kienast et al. 2009). ES
mapping could make the nature’s benefits spatially ex-
plicit and visible to people and decision makers (Grêt-
Regamey et al. 2015; Hou et al. 2018).

Conservation efforts have used distribution model of
species to understand the relationship between the envi-
ronment and biodiversity (Elith and Leathwick 2009;
Kuemmerlen et al. 2014). Such models take into ac-
count the occurrences data of a species and relate them
with environmental characteristics including climate,
topography, distance to water resources, distance to
human settlements, and land use/cover and then predict
the areas where those suitable environmental character-
istics are available. In all cases, it is critically important
to select and use those environmental characteristics
which are relevant to the ecology of the species. In
recent years, focus has shifted towards determining
and including the threat distribution in these models
(Allan et al. 2013; Tulloch et al. 2015). GLOBIO
(Alkemade et al. 2009), which is based on the mean
species abundance (MSA) and (Tallis et al. 2014) on the
estimation of habitat quality, is considered the example
of such models. In contrast to GLOBIO, in which the
index of biodiversity is related to the baseline corre-
sponding to the similarity of the natural situation, In-
VEST requires an evaluation to indicate which habitat
type has the best natural conditions. The habitat quality
module of InVEST, as a new model, proceeds with data
on anthropogenic threats, land use/land cover, and

expert knowledge to attain reliable indicators about the
current biodiversity’s response to the threats, and unlike
other approaches in the field of biodiversity conserva-
tion, it does not require prior information on the occur-
rences data of a species (Leh et al. 2013; Baral et al.
2014; Terrado et al. 2016).

The main drivers of the decrease in the quality of the
habitats are climate change and land use change (Pecl
et al. 2017), which are intensified by other anthropogen-
ic threats including the contribution of infrastructure
and, more particularly, road network development
(Freudenberger et al. 2013; Nematollahi et al. 2017).
The effects of road network on wildlife population and
ecosystem services are cumulative and often irreversible
(Selva et al. 2011; Nematollahi et al. 2017). Roads have
caused death due to crash with vehicles (Bruschi et al.
2015; Ogletree et al. 2019), habitat degradation
(Sánchez-de-Jesús et al. 2016), and decrease in habitat
quality for wildlife population, and have made barrier
between the left habitat patches (Bruschi et al. 2015;
Esperandio et al. 2019) and also changes in ecosystem
services (Mitchell et al. 2015; Lanzas et al. 2019). To
better understand the ecological impacts of roads on
wildlife, habitats and ecosystem services at the scale of
landscape, different indices including DIVISION,
SPLIT, MESH (Mehdipour et al. 2019), Landscape
Ecological Risk Index (ERI) (Mo et al. 2017), and
Infrastructure Fragmentation Index (IFI) (Madadi et al.
2017) have been developed to quantify and assess the
impacts of roads.

To have an exhaustive assessment of road’s impacts,
other parameters related to disturbances of road network
should also be considered. The SPROADI, a recently
developed index, uses three sub-indices, including traf-
fic intensity (T), which measured the traffic load (per
space and time), vicinity impact (V), which quantified
the roads’ effects on neighboring habitats, and fragmen-
tation grade (F), which calculated the landscape frag-
mentation degree caused by roads, in calculating the
cumulative effects of roads on natural habitats
(Freudenberger et al. 2013; Nematollahi et al. 2017).

The main goal of this study was modeling and
assessing the habitat quality of wild sheep (Ovis
orientalis), in Chaharmahal and Bakhtiari province,
which is among the most important habitats for this
species in Iran. For this purpose, at first based on litera-
ture reviews and expert knowledge, the environmental
variables which reflected the suitable habitats for wild
sheepwere identified. Then, the habitat quality module of

  487 Page 2 of 17 Environ Monit Assess         (2020) 192:487 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



InVESTwas used as a newmethod. After that, since road
network in the study area is taken as one of the most
important risk factors for wild sheep and high density of
that (0.29 km/km2) has caused habitat fragmentation and
habitat loss, the ecological impacts of road network on
wild sheep’s habitats were assessed using the SPROADI.
To this end, the restoration/protection plans were identi-
fied and prioritized for reducing the impacts of road
network for those affected areas.

Materials and methods

Study area

Our study area was the Chaharmahal and Bakhtiari (Ch
& B) province which is located in the southwestern part
of Iran and the central part of the Zagros Mountain
Chains, with an approximate area of 16,332 km2 and
average altitude of 2153 m. The average annual temper-
ature is between 8.5° and 20° and the average annual
rainfall is 560 mm. The Ch & B province has various
climatic conditions ranging from hot and dry to cold and
wet. Based on the Forests, Ranges and Watershed
Organization (2004) and the management and planning
organization (2019), about 55.6% (908 thousand hect-
ares), 20.57% (336 thousands hectares), and 9.6%
(156,617 ha) areas of this province are rangelands,
forests, and agricultural lands, respectively, and about
14.23% of this province is human settlements, outcrops,
rivers, and wetlands (Soltani et al. 2010; Zare et al.
2011) (the Supplementary data). Ten percent of Iran’s
freshwater, as rivers and wetlands, flows in this prov-
ince, though it covers only 1% of Iran’s land area. Forty-
nine percent and 27% of this province include hills and
mountains, respectively, and the other 24% encom-
passes alluvial plains and plateaus (Jafari and Azizi
2015; Jafari et al. 2019). The high topographic diversity
including Alpine (Niveal: < 3000 m and Subniveal:
2400–3000 m) and Timberline (1900 m) and the
resulting climatic diversity have led to the emergence
of significant ecological slopes in the region and caused
a high diversity of ecosystems which have provided
suitable habitats for a high variety of plant and animal
species (Jafari 2014; Department of Environmental
Protection Agency of Chaharmahal and Bakhtiari
Province 2007) (the Supplementary data). This province
has been supporting 923 plant species, 62 mammal
species, 170 bird species, 35 reptile species, 5

amphibian species, and 22 fish species (Jafari and
Azizi 2015; Department of Environmental Protection
Agency of Chaharmahal and Bakhtiari Province
2007). This province consisted 1 national natural mon-
ument (Fritillaria imperialis), 1 wildlife refuge
(Shirestan), and 5 protected areas (Tang-e-Sayyad,
Sabzkouh, Helen, Sheyda, and Gheisari) which cover
12.5% of this province area (Department of
Environmental Protection Agency of Chaharmahal and
Bakhtiari Province 2007). Figure 1 shows the location
of the protected areas in the Ch & B province. However,
because of the high rates of land use change and the high
density of road network, these natural habitats are highly
vulnerable.

Input data

The main input data used in the InVEST habitat quality
module and SPROAD index are given in Table 1.

Method

The general research methodology of this study is de-
scribed in Fig. 2 as a flowchart.

Description of the habitat quality module of InVEST

In this part of the study, the habitat quality module of
InVEST was used to assess and map the habitat quality
and habitat degradation of the study area (Tallis et al.
2014; Sallustio et al. 2017). This module used HQ as a
representative for biodiversity associated with different
land use and land cover (LULC) classes (Tallis et al.
2014). As reported by Terrado et al. (2016), “this model
was based on the hypothesis that areas with higher
habitat quality supported higher richness of native spe-
cies, and that decrease of habitat extent and quality led
to a decline in species persistence.” This model calcu-
lates the quality of habitat for each LULC pixel. The
InVEST habitat quality module is estimated as a func-
tion of (a) the suitability of each land use/land cover type
for providing suitable habitat for biodiversity, (b) differ-
ent kinds of anthropogenic threats have negative effects
on the quality of the habitats, and (c) the sensitivity of
each LU/LC type to each threat (Terrado et al. 2016).

An input LU/LC map of the Ch & B was gathered
from the Regional Land Cover map (2012) and updated
using Landsat ETM+ and field visiting, and the land use
map was classified in 15 different main categories
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corresponding to the habitat types (Fig. 3). Five of these
LULC classes were considered main sources of degra-
dation which were categorized based on their features to
have a better understanding of its effects on the habitat
quality and biodiversity (i.e., roads, mine, agricultural
lands, dry farming lands, and settlements).

A relative value of habitat suitability (Hj) is between
0 and 1, where1 is assigned to each habitat type which
has maximum suitability for the target species. One of
the most important characteristics of this model is its
capacity to consider the sensitivity of each habitat type
to various threats including industrial sources,

Fig. 1 Location of the study area and protected areas

Table 1 Input data used for the InVEST habitat quality module and SPROAD Index

Model Required input Data used

InVEST Land use/ land cover map Regional vector land cover map produced by the department of natural resources and
updated using satellite images (ETM+ and OLI), rasterized.

Threat to habitats A list of identified threats to biodiversity. To each threat, a weight and distance decay
was assigned based on the outcomes of a survey involving 10 selected experts in the
field of biodiversity and environmental assessments.

Impact sources A raster map showing the spatial distribution of each of the 9 above-mentioned threats

Habitat types and sensitivity of each
habitat to each threat

Amatrix listing land cover types in the first column; for each land cover, a (0–1) score of
its suitability to be regarded as habitat (second column), and a (0–1) score of its
sensitivity to each of the 9 above-mentioned threats (3rd to 11th column) is given;
sensitivity levels were assigned through an expert-based approach.

Half-saturation constant Default value (i.e., 0.5).

SPROAD
Index

Road network map Topographic map with the scale of 1/50000 and Google Earth

Traffic data Institution of roads transportation of Chaharmahal and Bakhtiari province
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transportation infrastructures, and settlements. For this
purpose, each threat source is mapped as raster in which
the grid cell value (normalized between 0, as the lowest
threat, and 1, as the highest threat) reveals the threat
intensity within each cell. The threats’ impacts on the
habitats in each grid cell are mediated by the following
factors: (1) the distance between the sources of the threat
and the grid cell (Max.D is defined as the maximum
distance over which the threat affects the habitat suit-
ability; (2) the threat’s relative weight (the threat’s im-
portance compared with the others is defined as Wr);
and (3) the habitat types’ relative sensitivity to the
threats (Sjr) (Terrado et al. 2016).

In general, the threats’ impacts on the habitats are
reduced as distance from the degradation source grows,
so that the grid cells closer to the threat sources would
experience greater impacts. Wr, which is ranged be-
tween 0 and 1, indicates the relative destructiveness of
a degradation source to all kinds of habitats. In addition,
this model considers the relative sensitivity of each

habitat type to a threat (Sjr). It means that the more
sensitive a habitat type is to a threat, the more degraded
it is by the threat. In our study, Hj and the threat
parameters were initially determined from literature re-
view and expert knowledge (Terrado et al. 2016;
Sallustio et al. 2017). Ten experts with different ecolog-
ical backgrounds, ranging from experimental ecology
and ecological modeling to ecological impact assess-
ment, were asked to propose values for the parameters
of the model. In advance of expert scoring, the function-
ing of the InVEST habitat quality model, the parame-
ters, and the structure and meaning of the tables they
should fill in were described in details (the
Supplementary Data).

Spatial Road Disturbance Index development

To have an exhaustive assessment of roads’ impacts on
natural habitats of the study area, the recently developed
SPROAD Index was used. To calculate this landscape

Overlay

Degree of habitat quality and 

roads disturbances in each 

protected area

Identification & Prioritization 

of Protection/ restoration plans 

Ecological Impacts Assessments 

of Road Network

Traffic 

Intensity

Vicinity 
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Land use/ 

cover map
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Habitat Degradation 
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Fig. 2 General research methodology flowchart
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index including traffic intensity (T), vicinity impact (V),
and fragmentation grade (F), the layer of the traffic data
with the resolution of 1 km2 (UNEP 2001; Eigenbrod
et al. 2009; Makki et al. 2013; Nematollahi et al. 2017)
was used as the basic layer in producing these indices. In
this part, the formula developed by Freudenberger et al.
(2013) was used (Table 2) (Nematollahi et al. 2017).

Results and discussion

Habitat quality and habitat degradation

The spatial patterns of habitat quality and habitat degra-
dationmaps were different across the study area (Fig. 4).
HQ (habitat quality) values, which ranged between 0
and 1, were generally higher along the east and

northeastern parts of the study area, and then decreased
to the south and western parts (Fig. 4, up). The results
showed that 15% of this province consisted of the most
suitable habitats for Wild Sheep. In this regard, this
species is a resident of foothills where important envi-
ronmental characteristics, including vegetation cover
(Scariola orientalis and Astragalus spp.), slope (5–
20%), distance to settlements (8–13 km), availability
of water (spring and river), distance to roads (> 3 km),
and the possibility of escaping from predators like the
Persian leopard and gray wolves which positively influ-
enced the wild sheep presence, are found; the high
values of HQ were concentrated around these areas.
These results were in accordance with the ecology of
this species as cited in the relevant literature (Shackleton
and and the IUCN/SSC Caprinae Specialist Group
1997; Firouz 2005; Ziaei 2009; Maleki Najafabadi

Fig. 3 Land use map of the study
area
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et al. 2010; Makki et al. 2013; Keya et al. 2016; Jafari
et al. 2019).

In addition, the HQ values were decreased around the
major urban areas of Farokhshar, Lordegan, Shahrekord,
and Borujen. These areas had the highest human popu-
lation densities because historically, they were mainly
dedicated to the industrial and agricultural developments.
Indeed, these low values were due to the existence of
LULC classes with low HQ values, including industrial,
urban areas, intensive agricultural lands, and high density
of road network. We tested the reliability of the habitat
quality values by comparing them with presence data of
wild sheep obtained from the DOE.

HD (habitat degradation) values, which combined
the overall human threats in the study area, ranged from
0, with the lowest human disturbances, to 1.129, with
the highest cumulative effects of human disturbances
(Fig. 4, down). The high values of HD were concentrat-
ed around the major urban areas in the northeast and
central parts with high density of road network, and
industrial and residential areas. The InVEST habitat
quality module also considered the sensitivity of the
suitable habitats to threats and spatially explicit them
on the map. The moderate values of HD on the map
were concentrated around the areas which had high

suitability and quality for wild sheep, but closer to
threats. Therefore, those high suitable areas, for instance
the Tang-e-Sayyad National Park and the protected area,
which is surrounded by roads as a human threat, were
more sensitive to human disturbance; accordingly, it had
a moderate value in the HD map.

Testing InVEST assessment with species distribution
data

In this part of the study, we tested the reliability of the
habitat quality values by comparing its map with pres-
ence data of wild sheep obtained from the DOE (Fig. 5).
Based on the distribution map and the existing presence
data, the east and northeastern parts of the Ch & B
province, consisting the Sheyda Protected Area and
Tang-e-Sayyad National Park and Protected Area, were
among “the most suitable habitats” for wild sheep, be-
cause important environmental characteristics including
vegetation cover (Scariola orientalis and Astragalus
spp.), slope (5–20%), distance to settlements (8–
13 km), availability of water (river and spring), and
distance to roads (> 3 km), which provided both nutri-
tional and security needs and critically influenced the
wild sheep presence, were found in these areas,

Table 2 Formula which used for calculating each sub-indices and the SPROAD Index (Freudenberger et al. 2013; Nematollahi et al. 2017)

Sub-indices Formula Explanation

Traffic intensity (Tk)

Tk ¼ ∑
i¼1

nk

Rk;iTVk;i

Tk = Traffic intensity in grid k
Rk,I = road length
TVk,i = number of vehicles per hour (which provided by institution

of roads transportation)

Vicinity impact (Vk)

Vk ¼ 1
nk
: ∑
v¼1

nk

Tk;v

Vk = vicinity impact on grid k
Tk,v = traffic intensity in an adjacent (v) grid cell
v = {1, 2, 3,…, nk{
nk = number of surrounding cells of grid cell k

Fragmentation grade (F)
Fk ¼ Ak

∑nk
j¼1A j;k :A

compl
j;k

Fk = fragmentation grade of a grid cell k
j = {1, 2, 3,, nk}, number of polygons
nk = number of polygons without roads belonging to a grid cell k
Ak = area size of a grid cell k (m2)
Aj,k = area size of the fraction of a polygon j lying within a grid cell k (m2)

Acompl
j:k j = area size of the complete polygon j that Aj,k is part of (m

2)

SPROADIk ¼ ∑
n

1
wi:Ik:norm

SPROADIk Spatial Road Disturbance Index of a grid cell k

n number of sub-indices (in this case: 3)

wi = {wT, wV, wF} where w stands for the assigned weight for each of the sub-indices. In this study, we assigned equal weights to each, i.e.,
wi = 0.33
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Fig. 4 Distribution of (a) habitat quality (up) and (b) habitat degradation (down) maps of wild sheep at Chaharmahal and Bakhtiari
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especially the Tang-e-Sayyad National Park and
Protected Area, and Sheyda Protected Area
(Shackleton and and the IUCN/SSC Caprinae Specialist
Group 1997; Firouz 2005; Ziaei 2009; Maleki
Najafabadi et al. 2010; Makki et al. 2013; Keya et al.
2016; Jafari et al. 2019; Malakoutikhah et al. 2020). The
study conducted by Jafari et al. (2019), confirmed that
the Tang-e-Sayyad National Park and Protected Area
was among the most suitable habitat for wild sheep due
to its large hillside (approximately, 65% of the area),
availability of water (rivers and 42 springs), distance to
settlement (8–13 km), and high number of guard camps.
Additionally, 85% of this area is covered by Scariola
orientalis and Astragalus spp., which are among the
most suitable vegetation types for wild sheep. Besides,
based on the annual consensus of the DOE, approxi-
mately 4000 to 5000 wild sheep are found in the Tang-
e-Sayyad National Park and Protected Area which
confirmed the high quality and suitability of this
area for this species (Department of Environmental
protection of Caharmahal and Bakhtiari 2018). But
the Helen and Sabzkouh Protected Areas which are

mountainous and steppe were among the “low to
moderate suitable habitats”, for wild sheep in the
Ch & B province.

Results of the SPROAD Index

The total amount of road length and road density across the
Ch & B province was about 4800 km and 0.29 km/km2,
respectively, which meant that the road density was higher
in this province, compared with other adjacent provinces
including Lorestan (0.2), Isfahan (0.1), and Khuzestan
(0.06), and to the whole country (0.13) (Ministry of
Roads and Urban Development of Islamic Republic of
Iran 2018). In regard to the high quality of this province
for a variety of animal and plant species including wild
sheep, this amount of road density was inconsequent. The
mean numbers of vehicles per time (hr) for some main
roads of the study area are shown in Table 3 (Department
of Manitanance and Transportation of Ch & B 2019).

Figure 6 shows all raster maps of traffic intensity,
vicinity impact, fragmentation grade, and the SPROAD
Index. The amounts of traffic intensity and vicinity

Fig. 5 Overlaying habitat quality map and presence points of wild sheep in the Ch & B province

Environ Monit Assess         (2020) 192:487 Page 9 of 17   487 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



impact were high in the northeast, southwest, and cen-
tral parts, where the Shahrekord-Dimeh and Naghan-
Dehdez main roads with high traffic load are located
(Fig. 6 (1) and (2)). The east and northeastern parts
suffered high level of habitat fragmentation caused by
the high road’s density (Fig. 6 (3)).

Figure 6 (4) shows that the SPROADI value, which
focused only on the negative impacts of the road net-
work, ranged from 0 to 54.48, and revealed that about
28% of the Ch & B province was affected by road
network. The high degree of road disturbances was
found at the vicinity of the Shalamzar-Naghan,
Burujen-Buldaji, and Gandoman-Gosheki main roads
in the northeast and central parts, where suitable habitats
for wild sheep were also recorded. This amount of road
disturbances in these areas was because of high traffic
load and high degree of habitat fragmentation. The high
level of road’s density (0.29 km/km2) resulted in habitat
fragmentation, barrier effects, and more accessibility to
key conservation and suitable habitats including the
Tang-e-Sayyad National Park and Protected Area,
Sheyda Protected Area, and Helen and Sabzkouh
Protected Areas which increased their vulnerability. Be-
sides, approximately 20 animal-vehicle accidents per
year are reported in these roads, which confirmed the
negative impacts of road network in this province
(Department of Environmental protection of
Caharmahal and Bakhtiari 2018).

Combining the linear and area-covering indices
to realize a combined habitat assessment

Based on the results of the HD map obtained from the
InVEST habitat quality module, which modeled the
overall threats in the study area (Fig. 4, up), and the
SPROAD Index, which combined three aspects of road

networks’ impacts on the study area (Fig. 6 (4)), there
was a significant positive spatial correlation between
these two maps showing that there was a high value of
disturbances in the northeast and central parts of the
study area. In other words, the road’s density was higher
in the northeast and central parts of the Ch & B prov-
ince, which has been resulted in higher rates of urbani-
zation and industrial developments and consequently
caused a high ratio of human disturbances. Accordingly,
compared with other threats, road network was the main
risk element in the study area, which negatively affected
the wild sheep habitats at a landscape scale.

In this part of the study, to assess the ecological
impacts of road network on suitable habitats for wild
sheep, the habitat quality map of wild sheep across the
study area, obtained from the InVEST habitat quality
module, and the map of the SPROAD Index were over-
laid (Fig. 7). Dolgener et al. (2014) showed that, con-
sidering the ecological impacts of road network, the use
of the SPROAD Index was an important factor for
modeling and assessing the quality of fire-bellied toad
Bombina bombina’s habitats in Germany. Figure 7 in-
dicated that though 15% of the study area was consid-
ered as the most suitable habitats for wild sheep, about
28% of the study area, including suitable habitats for
wild sheep in some parts, was negatively affected by
road network. After overlaying this map with the
protected areas’ network map, Table 4, which shows
the percentage of habitat quality and road disturbances
for each protected area, was obtained. The results of this
part, revealed that the Tang-e-Sayyad National Park and
Protected Area, and the Sheyda Protected Area which
were among the most important and suitable habitats for
wild sheep and located in the east and northern parts,
respectively, were highly affected by roads
(Shahrekord-Borujen) surrounding these protected
areas. Besides, the Helen and Sabzkouh Protected Areas
which are located in the central parts experienced the
highest degree of roads disturbances (Fig. 7and
Table 4). This level of disturbances was caused by the
Naghan-Dehdez and Lordegan-Sarkhun main roads that
surrounded and crossed these protected areas. Road
network could negatively affect this species and its
habitats by increasing the rate of animal-vehicle colli-
sion and the edge effects (Forman et al. 2003; Grilo et al.
2010; Bruschi et al. 2015; De Montis et al. 2018;
Ogletree et al. 2019), reducing the amount and quality
of habitats (Forman et al. 2003; Grilo et al. 2010;
Sánchez-de-Jesús et al. 2016), and also increasing noise,

Table 3 The average number of vehicles per hours in the main
roads

The name of road section Number of vehicles per hour

Shahrekurd-Chelgerd 501

Naghan-Dehdez 320

Jankan 294

Ganduman-Borujen 294

Soreshjan-Farsan 244

Borujen-Buldaji 123

Chelehgah-Lordegan 121
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Fig. 6 (1) Traffic intensity (T), (2) vicinity impact (V), (3) frag-
mentation grade (F), and (4) the combination of the three sub-
indices into the SPROADI; high values in light yellow represent

high road disturbance, low values in dark purple represent low
road disturbance along the different sub-indices or the overall
SPROADI outcome
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air, and light pollution (Dean et al. 2019). Besides, roads
have caused habitat fragmentation which itself is result-
ed in a decrease in the landscape connectivity and in-
crease of wildlife population isolation; consequently, a
loss of genetic diversity will be brought about
(Ascensão et al. 2016; De Montis et al. 2018;

Esperandio et al. 2019). In addition, road network has
facilitated human access to important habitats of wildlife
and increased the human-caused mortality and land use
change (Proctor et al. 2020).

Based on the overlaying maps of the SPROAD Index
and HQ (Fig. 7), and the percentage of habitat quality
and road disturbances for each protected area (Table 4),
Table 5, which was obtained from expert knowledge
and literature reviews (Clarke et al. 2010; Brands 2016;
Palmer et al. 2016), shows the consequences for some
possible protection/restoration plans and their priority
(low, moderate, and high) for each protected area and
highlighted how the two methods were complemented.
Protection and restoration plans included all possible
actions, in terms of restoration, construction, and con-
servation taken to minimize negative impacts of road
network, either by controlling the impacts’ sources or
the exposure to ecological receptors. The aim of these

Fig. 7 Overlaying the maps of
HQ and the SPROAD Index

Table 4 The percentage of habitat quality and SPROADI for each
protected area

Protected area SPROADI % Habitat quality (HQ) %

Low High Low Medium High

Tang-e-Sayyad 12.24 10.21 5 7 85.83

Sheyda 12.85 12 37.3 15 17

Sabzkouh 9.21 7.69 23.68 23.95

Helen 16.5 14.5 4 15.62
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plans was identifying options which safeguard biodiver-
sity and ecosystem services (Rajvanshi et al. 2007; Van
der Grift et al. 2013; Magintan 2013).

Some of these plans were described as follows:

– Restoration of springs and watering places, replace-
ment of rangeland and forests removed by road con-
struction, and restoration of historic migratory corri-
dors that improve the migration and gene flow be-
tween isolated populations were some of the possible
plans which could restore the protected areas. Based
on this table, the Tang-e-Sayyad National Park and
Protected Area, and Sheyda Protected Area needed
high-priority and moderate-priority restoration plans,
respectively, in terms of historic migratory corridors.
The reason was that, on one hand, these two areas
were considered as the most suitable habitats for wild
sheep; on the other hand, both of them were highly
affected by the roads that surrounded these two areas
which limited the migration of this species. There is a

high number of this species in these areas while their
home range is restricted by road network that
heightens concerns on conservation of these species.
The reason is that the carrying capacity, which is
affected by socioeconomic development and vegeta-
tion succession, limits the viability of this species’
population (Van der Grift et al. 2013). So, to avoid
this problem, it is necessary to restore and make their
historical migratory corridors safe to guide target
species across these corridors and try to increase gene
flow and expand their home range.

– Designation and construction of crossing structures
including wire fencing (Clevenger and Huijser 2011;
Van der Grift et al. 2013;Magintan 2013; Jarvis et al.
2019) and wildlife overpass (Iuell et al. 2003;
Forman et al. 2003; Clevenger and Walto 2005;
Van der Grift et al. 2013; Gülci and Akay 2015;
Magintan 2013) were among the most effective tech-
niques which minimized the barrier effects of roads
and facilitated species mobility through the

Table 5 The consequences for protection/restoration planning

Plans Protected areas

Tang-e-Sayyad
National Park and
Protected Area

Sheyda
Protected
Area

Helen
Protected
Area

Sabzkouh
Protected
Area

L M H L M H L M H L M H

Restoration of Springs and watering places ■ ■ ■ ■
Historic migratory corridors ■ ■ ■ ■

Lands changed to dry farming and orchards ■ ■ ■ ■

Rangeland and forests removed by the road construction ■ ■ ■ ■

Viaduct bridge ■ ■

Wire fencing (height > 1 m) ■ ■ ■ ■
Wildlife overpass ■ ■

Guard’s camp and stations ■ ■ ■ ■

Conservation of Overgrazing and illegal poaching ■ ■ ■ ■

Cutting trees and shrubs and convert to charcoal ■ ■ ■ ■

The speed of service vehicles along project roads ■ ■ ■ ■
Motorized access management ■ ■ ■ ■

Include wildlife awareness information in regular safety
and environmental inductions.

■ ■ ■ ■

Existing infrastructure for access and minimize
construction of new roads

■ ■ ■ ■

The passage of gas, oil, electricity, water pipelines
and roads from the area

■ ■ ■ ■

Traditional rangeland management techniques ■ ■ ■ ■

Low (L), medium (M), and high (H) priority for restoration/conservation actions
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fragmented landscape. Fences are designed to pre-
vent the access of animals to roads with the purpose
of reducing the number of species-vehicle accidents
on the roads. These fences should be placed where
there is a high risk of wildlife accidents. The con-
struction of overpasses has two main objectives: (a)
connecting isolated habitats andwildlife populations,
and (b) ensuring the safety of species mobility and
reducing accidents on roads. Only native plant spe-
cies to the local area should be used on the overpass
because they should reflect the habitats situated on
either side of the infrastructure. A standard width of
40 to 59 m was recommended by Iuell et al. (2003).
Although the Helen and Sabzkouh Protected Areas
were among the “low to moderate suitable habitats”
for wild sheep, these two areas have been supporting
a variety of animal and plant species. These two
protected areas were highly affected by road net-
work. Therefore, to mitigate the impacts of roads
on these areas, conservation implication is necessary.
One of the useful tools for reducing the barrier effects
of roads on natural habitats of wildlife, in this case,
was “Overpass Wildlife,” which connected the hab-
itats and wildlife populations in terms of reducing the
fragmentation effects of roads which crossed these
protected areas. The combination of wildlife over-
passes and fences was more recommended to im-
prove connectivity for animals and reduce the num-
ber of animal-vehicle accidents (Huijser et al. 2008).

– In terms of conservation, some effective actions,
including conserving the protected areas from
overgrazing, illegal poaching, cutting trees, shrubs,
and also, controlling the motorized access, were
recommended in the table. These actions would be
useful in areas where roads occurred in the most
suitable habitats, within and near the identified link-
age areas between the isolated habitats and popula-
tions (Proctor et al. 2020). In addition, placing the
warning signs of wild sheep near the area where
species often cross the roadways and also in zones
where the collisions often occur is effective (Iuell
et al. 2003; Magintan 2013).

Conclusion

The present study focused on the habitat quality model-
ing of wild sheep, which is classified as vulnerable

species on the IUCN Red List, as an indicator of eco-
system services. Then, the ecological impacts of anthro-
pogenic threats especially road network on their habitats
in the Ch & B province, which has been among the most
suitable habitats for wild sheep, were assessed. For this
purpose, the habitat quality of wild sheep in the study
area was modeled using the habitat quality module of
the InVEST. Then, considering the habitat services
model, the SPROADI, was applied for assessing the
ecological impacts of road network. There has been a
lack of studies on the importance of ecosystem service
modeling in assessing the ecological impacts of road
network. Therefore, this study exemplifies the advan-
tages of using the InVEST habitat quality module to-
gether with the SPROAD Index for assessing ecological
impacts of transportation infrastructures on natural hab-
itats. Our results revealed that in addition to habitat
fragmentation, the road network could have negative
impacts on natural habitats by reducing the original area
of the habitat and decreasing the quality of the remain-
ing habitats. Overall, findings of our study provided
valuable information on the spatially explicit distribu-
tion of habitat quality, habitat degradation, and spatial
road disturbance, which complemented each other by
providing useful maps and data. These maps and data
showed the degree of habitat quality on one hand, and
the degree of habitat degradation caused by road net-
work, on the other hand. These inputs and data were
useful for conservation planning, restoration planning,
and enhancing ecosystem services. Moreover, further
detailed studies are needed to be carried out on the
Tang-e-Sayyad National Park and Protected Area, and
Sheyda Protected Area which were among the most
suitable habitats for wild sheep but experienced signif-
icant impacts of road network development.
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