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Abstract
Maintaining linkages between remaining natural areas is increasingly important to ameliorate the
negative effects of habitat loss and fragmentation on wildlife populations. Identifying environmental
corridors is critical to biodiversity conservation and landscape planning. In recent decades, many
methods have been developed to increase ecological linkages and establish gene binding to prevent
mismanagement of protected areas. However, the multiplicity and complexity of methods can be a barrier
for conservation planners. Here, we combine a limited set of several methods to provide a connection
analysis framework that provides iterative, intuitive, and environmentally related connection estimates. In
this study, �rstly we investigated the habitat suitability of Armenian Wild sheep as a target species by
ecological niche factor analysis. Then, by using the theory of electrical circuits and analysis of the least
cost route of habitat communication between habitat spots was investigated. Based on �ow maps,
movement patterns and functional communication were identi�ed for the target species as well as
important communication areas in the study area. The results show that based on the circuit theory
approach, the �ow through the pixels (nodes) is equivalent to the probability of species movement.
Therefore, it can be interpreted that if the target species travel between the mentioned habitats, the
sections with high �ow intensity will be the most probable route for their passage. Identi�cation of
important communication areas in the region is another important result of �ow maps. The protection of
these important areas is very important.

Introduction
Today, the increase of the human population, especially the rapid growth of urbanization and the
transformation of land cover from natural to non-pristine level has been identi�ed as a global
phenomenon (He et al. 2014; Ziv and Davidowitz, 2019). Wildlife habitat degradation directly leads to
habitat fragmentation, which can be commonly observed in the suburbs of large cities (Newbold et al.
2015; Rodríguez-Rodríguez et al. 2019). In addition, habitat fragmentation, which reduces the level of the
central core of conservation and increases fragmentation, can seriously impede the movement of species
among habitat fragments. This factor leads to the loss of key biodiversity, area, and thus the limitation of
local populations to small habitats. The result is an increase in internalization, a decrease in genetic
diversity, an increase in demographic events, and thus an increased risk of extinction (Fletcher et al. 2018;
Haddad et al. 2017; Haila, 2007; Randes et al. 2010). Increasing the connectivity of fragmented lands is
one way to counter the effects of habitat segregation. The concept of communication routes and
corridors is a practical and direct action to respond to the effects of habitat separation. Such corridors
can connect fragments of disjointed habitats and effectively enhance species movement, which helps
prevent regional biodiversity loss and damage to environmental processes (Sousa Miranda, et al. 2021;
Correa Ayram et al. 2016; Rouget et al. 2006). In addition, environmental corridors can reduce the
negative impacts of human activities on natural ecosystems and further maintain the stability and
integrity of environmental processes (Ersoy et al. 2019; Pardini et al. 2005). Thus, environmental corridors
are not a line but a belt with a speci�c spatial range (Dong et al. 2020). Conservation biology theory
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states that the construction of bonding structures increases life between isolated habitat spots or at least
maintains levels of diffusion between spots. And therefore, it maintains gene �ow and population biology
(Gibson et al. 2004). Accordingly, the option of preserving corridors and arti�cial connections such as
overpasses and underpasses to compensate for the negative and harmful effects of roads on wildlife as
a suitable crossing should be given more importance (Wu et al. 2021). 

Corridors have often been proposed as a strategy to connect habitat fragments and mitigate negative
effects of fragmentation (Haddad et al., 2003; Sutcliffe and Thomas, 1996). Structural corridors (Baudry
and Merriam, 1988) are narrow landscape components which connect two or more habitat cores (Clerici
and Vogt, 2013) and enhance the “connectedness” of the landscape (Baudry and Merriam, 1988). The
structural corridor concept is based on the spatial con�guration of suitable habitats (physical continuity
of habitat) without considering species’ behavioral responses to the landscape   (Saura et al., 2011;
Tischendorf and Fahrig, 2000). Functional corridors, on the other hand, describe the paths that animals
would take between habitat patches whether these habitats are structurally connected to each other or
not (Burel and Baudry, 2003; Farina, 2006; Taylor et al., 2006). Therefore, structural connectedness is not
necessarily synonymous to functional connectivity (Tischendorf and Fahrig, 2000), and relying solely
upon the concept of structural corridors (connectedness) ignores the species' reaction to the landscape
structure and heterogeneous environments (connectivity) that affect the distribution of the species
(Taylor et al., 2006).

The low-cost method (Adriaensen et al., 2003) and electrical circuit theory (McRae and Beier, 2007) are
common methods for identifying areas of environmental corridors based on reproducible algorithms
(Correa Ayram et al., 2016). And can even be used for data on poor species. In addition, these two
methods offer different criteria for quantifying potential functional connectivity in selected environmental
corridors (Calabrese & Fagan, 2004; Correa Ayram et al., 2016). Theoretical approaches have a high
potential for practical protection (Zetterberg et al. 2010) and multi-scale communication analysis (Dilts et
al., 2016; Tambosi et al. 2014); or compare connection estimates for different landscape scenarios
(Clauzel et al. 2015; Mimet et al. 2016). The goal of many of these approaches is to improve the
environmental relationship in the design of the protection network and increase the reproducibility of
connection estimation while reducing subjectivity at all stages. However, the complexity of these
analytical approaches has made their application in the design of protection networks slow and
cumbersome (Kietzka et al. 2021; Bennett et al. 2006; Opdam et al. 2002; Rasco et al. 2016). In this study,
we follow an approach that combines a set of different models that are well established to provide a
relevant and intuitive environmental solution for corridor network design. Our goals are to provide a
framework that includes (1) the power to adequately select existing methods available to application
protection planners, (2) more targeted connection assessments, and (3) more environmentally relevant
and informative than other traditional methods be for protection planning.

Armenian Wild sheep is an indicator species and umbrella that can put many other species such as
carnivores, plant species, and other herbivores under its umbrella. On the other hand, the small and
endangered populations in the western and northwestern regions of Iran were selected as the target
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species in this study. On the other hand, due to the morphological and demographic characteristics of
this species, it is easier to observe and collect study data related to this study compared to other species.
Also, the study area in this study is protected areas in the three western and northwestern provinces of
Iran, which due to different development policies in each province, the habitats of this endangered
species have been severely destroyed and limited. And providing a suitable approach for gene
communication and linkage between these regions is strongly needed to provide practical and scienti�c
protection and ultimately provide a conservation solution in line with current development issues.
Therefore, the purpose of this study is to present a combined model of the electrical circuit theory method
and the least cost method to determine possible corridors in the western and northwestern regions of
Iran. In such a way as to provide an optimal solution for the practical protection of Armenian rams and,
by its nature, other vulnerable species, it can also cover the shortcomings in providing optimal methods
for determining environmental corridors in the research literature.

Study area

The study area (Fig 1) includes parts of three provinces of Kurdistan; Zanjan and West Azerbaijan. These
areas include the main habitats of Armenian rams and ewes in three provinces and consist of the
protected area of Abdul Razzaq and Bijar in Kurdistan province, Bayan wildlife refuge in West Azerbaijan
province and protected area, and Angoran wildlife sanctuary in Zanjan province. In the following �gure,
the studied habitats on the map it has been shown.

Wild sheep occur in arid and semiarid habitats in Iran, and is a vulnerable species according to the Red
List of the International Union for Conservation of Nature (IUCN) (Valdez, 2008). Wild sheep populations
have been extirpated in many areas throughout their geographical range due to hunting, habitat
destruction and competition with livestock (Valdez, 2008; Ziaei, 2008). There are currently protected areas
in Iran, where wild sheep can be seen (Bashari and Hemami, 2013), but those areas have been selected
on an ad-hoc basis (Momeni Dehaghi et al., 2013) without considering connectivity. Currently, migration
of wild sheep in central Iran is faced with threats such as hunting and road construction (Ziaei, 2008).
Here we compared the association between structural and functional corridors of wild sheep in the west
of Iran. To address this question, we �rst used habitat suitability modeling to determine high-quality
habitats, graph theory to model a proxy of functional corridors and image processing techniques to
delineate structural corridors of wild sheep. We then compared the modeled functional corridors and
structural corridors.

Method
In this study, habitat suitability assessment modeling to determine the habitats of ram and ewe species
was performed by ecological nest analysis method and then using the methods of electrical circuit theory
and the minimum cost method of potential emission network and possible corridors between habitats are
modeled. This approach involves identifying potential and actual habitats for the species in the study
area.
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Preparation of habitat suitability of Armenian rams and ewes in the study area using ecological niche
factor analysis method:

In this study, the method of ecological niche factor analysis and Bio mapper software was used to
prepare a habitat suitability model, and also Idrisi software was used to analyze the sensitivity and also
to construct information layers and enter them into Bio mapper software. The information layers required
for analysis in Bio mapper software can be classi�ed into two categories of information layers including
Work maps and Ecogeographical maps. These layers were �rst prepared and adjusted in Idrisi software
and then entered into Bio mapper software: Calculation of habitat suitability map is possible only based
on the presence data of the target species and, therefore, saves time and money in providing the required
information (McRae and Beier, 2007). The ecological niche factor analysis method is the central part of
Bio mapper software. This method, like principal component analysis 1, summarizes environmental
variables into a smaller number of non-correlated variables called factors, with the difference that factors
are ecologically signi�cant and can be considered as new variables are used in the habitat suitability
model (Walpole et al. 2012; McRae and Beier, 2007; Huntera et al. 2003).

Work map. This map includes a map of the present areas of the species understudy in the region and can
be a point map (species presence points) or a polygon (species range). The minimum number of species
presence points for this software depends on several factors such as the variability of the study area, the
degree of specialization of the species, and the degree of study accuracy. In this study, the random linear
transect sampling method was performed by direct observation or identi�cation of ram and ewe indices
(dung, footprint, resting place) and was prepared in vector form. This map is �rst in raster format and
then it became a Boolean map to be included in the ENFA analysis (Figure 2).

Eco geographical maps:

Contains information and independent habitat variables on which the presence or absence of the species
depends. Raster maps of biogeographic variables affect species presence and are used as independent
variables. Biogeographic variables are spatial factors of the study area and describe the quantitative
features of the area (Hirzel et al. 2007) preparing independent biogeographic variables maps for this
species is as follows:

1-     Preparing a list of effective biogeographical variables in the presence of the target species

Raster maps of digital elevation model (using 22-meter level line map), slope and direction (based on
digital elevation model), villages adjacent to the area, water resources including permanent and seasonal
springs and rivers, roads Machinery, environmental checkpoints, and land cover were provided.

2-     Restoring the maps in Idrisi software and paying attention to the same format of all maps.

Uniformity of maps means that their coordinate system is the same, latitude and longitude, layer type,
layer format, number of rows and columns, and any parameter that exists in the information table of the
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desired variable. For this purpose, one layer can be speci�ed as a template and the rest of the layers can
be prepared based on it. In this study, the DEM raster map of the region was selected as a model.

Data analysis:

The steps that are done in Bio mapper software are:

1- Calling biogeographic maps and species presence map

1-     Reducing layers: As mentioned, for maps to be biologically meaningful, they must be quanti�ed. For
this purpose, there are two methods of circular and direct analysis.

3. Because biogeographic maps as well as species presence maps should have a normal distribution,
therefore, their status should be checked, and then the Kolmogorov-Smirnov test should be performed to
ensure the normality of the data. If the data is not normal, normalization by the Box-Cox method, which
can be implemented in the Bio mapper, is recommended.

4. Mask the sum of the map of independent and dependent variables to ensure that they cover the same
area.

5- It is possible to compare the uniformity and usability of the maps from the Verify path. In this
operation, the homogeneity of the underlying cell values, etc., is checked. Heterogeneous layers are
identi�ed in this step.

6- Investigating the correlation between biogeographic maps through correlation matrix. At this stage,
correlated layers (correlation above 0.85 in this study) should be removed. Because this analysis requires
variables that are independent and non-correlated, in the ecological nest factor analysis, if two variables
are correlated, both will appear with a coe�cient in the model. It is up to the ecologist to decide whether
to keep both layers or remove one of them. Variables that do not explain a signi�cant amount of change
are removed from the �nal model.

7- Performing factor analysis of ecological niche.

8- Calculating the factors required to prepare a habitat suitability map.

9- Calculation of habitat suitability map.

Results
Implementation of ENFA Bio mapper

ENFA analysis is performed based on raster information layers in this software. Hence, the �rst step is to
enter the data into the software. Maps are classi�ed into two categories: maps of species presence points
and maps of independent environmental variables. For this step, the correlation matrix of EGV maps was
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calculated. The correlation between the variables was less than the critical rate for deleting one of the
variables. Therefore, all remaining variables were used for ENFA analysis.

Table 1. Investigation of the degree of correlation of independent environmental layers

Correlation matrix:

aspect dem land cover river road slop village

aspect 1 0.759 0.635 0.313 0.306- 0.597 0.371-

dem 0.759 1 0.831 0.399 0.39- 0.722 0.482-

Land cover 0.635 0.831 1 0.29 0.318- 0.659 0.506-

river 0.313 0.399 0.29 1 0.191- 0.28 0.163-

road 0.306- 0.39- 0.318- 0.191- 1 0.169- 0.467

slop 0.597 0.722 0.659 0.28 0.169- 1 0.3-

village 0.371- 0.482- 0.506- 0.163- 0.467 0.3- 1

After determining the degree of correlation, factor analysis of the ecological niche is performed. This
analysis is similar to principal component analysis. The two important outputs of factor analysis of
ecological nests are eigenvalues and score matrices, which contain the two main components of
marginality and specialization, and must be carefully examined to understand the current situation
ecologically.

Ecological Niche Factor Analysis (ENFA):

ENFA analysis forms the core of Bio mapper software. The ENFA analysis, similar to the Principal
Component Analysis, calculates factors that explain much of the impact of species-independent
environmental variables. Similar to principal component analysis, the calculated factors are not
correlated with each other but are ecologically signi�cant. The �rst column of the score matrix or
eigenvector always represents 100% of the marginalization factor and 10 to 70% of the specialization
factor, while the other columns, or in other words the number of independent environmental variables
minus one, only represent the factor of specialization. The rows show the share of independent variables
in each factor. In fact, in this matrix, the factors that explain su�cient information as well as the variables
that show the highest coe�cient (absolute value) will be very important in expressing the species
distribution. Factors with a value of almost zero can be eliminated (Tables 3).

Table 2- Score matrix
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Score matrix

1 2 3 4 5 6 7

aspect 0.816- 0.172- 0.077 0.227- 0.47 0.14 0.085

dem 0.935- 0.122- 0.051 0.052- 0.008 0.133- 0.297-

Land cover 0.873- 0.092- 0.18 0.11 0.091- 0.385- 0.169

river 0.468- 0.181- 0.851- 0.149 0.011- 0.011 0.029

road 0.507 0.716- 0.169 0.423 0.149 0.003- 0.03-

slop 0.773- 0.375- 0.178 0.044- 0.361- 0.309 0.047

village 0.628 0.551- 0.125- 0.504- 0.078- 0.16- 0.008

The �rst factor is marginalism and expresses the difference between the average habitat preference of a
species or species distribution and the average habitat conditions or general distribution. In other words,
this factor indicates the distance between the desired conditions of the target species and the prevailing
conditions in the habitat. The value of marginalization is often between zero and one. Values close to
zero indicate that the species tend to live in the mean conditions of the study area and there is no
difference between the mean of the existing habitat and the species habitat. Values close to one indicate
that the species lives in very special habitat. Marginality indicates the position of ecological niches in the
environment. The second factor of ecological nests is specialization, which indicates the extent of
ecological nests. Specialism is the ratio of variability or standard deviation of the general distribution to
the variability or deviation of the species distribution. In other words, this factor is a measure of the range
of environmental conditions that the species tolerates. In this case, values close to zero indicate that the
target species can survive in a wide range of environmental conditions. High values of this factor indicate
that the species is very specialized and lives in a narrow range of environmental conditions and,
therefore, has a small ecological nest. The tolerance factor is the opposite of specialization and its values
close to zero indicate the low tolerance of the species and its specialization. Conversely, On the contrary,
the high values, while expressing the high tolerance of the species, indicate that the species does not
need very special and special conditions in the habitat for life.

Marginality,specialization,tolerantly

664/0366/12489/0

Table 3. Table of scores and correlations between ecological niche factors analysis and independent
environmental variables.
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Score table

Ecogeographic
maps

Factor 1
(54%)

Factor 2
(15%)

Factor 3
(12%)

Factor 4
(7%)

Factor 5
(6%)

Factor 6
(4%)

Factor 7
(2%)

aspect-box -------- ** * ** ***** * *

dem-box --------- * * * 0 * ***

land-
box_cover

--------- * ** * * **** **

river-box ----- ** ********* * 0 0 0

road-box +++++ ******* ** **** * 0 0

slop-box -------- **** ** 0 **** *** 0

VILLAGE-
box_FIN

++++++ ****** * ***** * ** 0

The �rst column represents 100% marginalization. The numbers in parentheses indicate the percentage
of agent specialization. Signs (+) for the marginalization factor indicate that rams and ewes are present
in habitats with values higher than the average habitat conditions, and signs (-) are the opposite. The
number of symptoms indicates the degree of correlation. In the case of specialization, the sign (*)
indicates the presence of rams and ewes in a narrow range of conditions. The number of these
symptoms is a sign of a limited range of presence. The numbers zero indicate specialization as well as
very low correlation.

Habitat suitability map:

A habitat suitability map is a map whose value of each cell is equal to the percentage of the desirability
of that part of the habitat for the species. After performing ENFA analysis and obtaining the relevant
outputs, the habitat suitability map can be calculated. The �rst step in calculating the habitat utility map
is to calculate the Factor map. The results of this analysis are required to calculate the habitat utility
map. The important point in this analysis is to determine the number of ENFA maps included in the
Habitat suitability analysis. In Factor map analysis, the user determines how many ENFA maps are
generated during this analysis. Of course, the Biomapper itself suggests the number of ENFA maps based
on the Mc-Arthur broken wood criterion, but the user can determine this number himself based on the
cumulative amount of variance justi�ed by the factors.

Least cost path and circuit modeling approaches:

Two straightforward premises underlie the least cost path (LCP) to pass between two points involves
encounters with topographic, natural, and/or cultural features that impede movement the optimal path of
travel can be calculated by �nding the one that passes between points with the minimum accumulation
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of these impediments or ‘costs’ (Atkinson et al. 2005; Berry, 2004; Collischonn and Pilar, 2001; Douglas,
1994; Lee and Stucky, 1998; van Leusen, 2002). LCP modeling identi�es a single optimum solution for
individuals of a species group to travel across a landscape. In many ways, the fact that LCP modeling
produces one speci�ed travel route has made this approach attractive to researchers but this modeling is
not free from limitations.

LCP modeling assumes a traveler has complete knowledge of the landscape they are traversing (McRae
et al. 2008) and operates under the assumption that they will be both able and willing to select the lowest
single path cost based on this knowledge.  However, individuals can be isolated in landscapes, unaware
of potential matrix heterogeneity they will experience as they disperse across a landscape, making them
unable to select a single optimum route. Even when individuals have landscape knowledge, various
factors can lead to divergences from optimum path selection.   For instance, optimum paths can become
blocked or closed to dispersers. Moreover, individual travel preferences can change; across species
“individuals rarely use a single optimum route” and thus LCP “fails to incorporate variation in individual
behavior” (Pinto and Keitt, 2009).

Circuit modeling attempts to move away from the limits of LCP modeling’s re�ection of the movement
cost accrued by a single individual by using a concept of resistance distance that incorporates both the
minimum movement distance (or cost) and the availability of alternative pathways. Unlike least-cost path
modeling, as additional links are added, individuals do not necessarily travel shorter paths but have more
pathways available to them (McRae et al. 2008).

Three interconnected layers of theory underlie circuit modeling:  graph theory, network theory, and circuit
theory (and associated with this is random walk theory). In short, graph theory is the branch of
mathematics concerned with connections among discrete objects; network theory applies graph theory
with a focus on properties of real-world networks, their structural dynamics, and the relationship between
their structure and function; and circuit theory applies network theory to quantify connectivity in circuited
systems that respond positively to the presence of alternative pathways (Ray�eld et al. 2011). Random
walk theory facilitates circuit theory’s application to species movement in a landscape by assuming
random dispersal of species, the fates of random walkers on circuits can be predicted by resistance,
conductance, effective resistance, effective conductance, current, and voltage (see McRae et al. 2008;
Shah and McRae, 2008  for a more detailed description of measures).

Applying circuit theory to �nd optimal paths:

Circuit theory uses theory-based theory to model the communication of wildlife populations in the
appearance of heterogeneous lands. This software is the most common application that models the
movement and �ow of genes for plants and animals, as well as identi�es important areas for
conservation and connection between habitats. Circuit theory uses land use data to predict and identify
habitat relationships. Electrical circuits are networks consisting of nodes that are connected by electrical
components that conduct current. According to Ohm's law, when a voltage (V) is established between two
nodes, the total current �ow depends on the amount of voltage and the resistance of the resistors
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(Mertzanis et al. 2006). In this theory, electrical nodes are considered as habitat spots, current movement
as the movement of individuals, and resistors between nodes are considered as habitat paths or
corridors. Increasing the number of parallel resistors increases the current �owing through the nodes.
Increasing the number or extent of habitat spots connecting populations and habitats also increases the
likelihood of movement and communication between them. Landscape circuit theory considers the
surface as a conductive surface in which each pixel is converted into an electrical node and an electrical
circuit is formed by connecting adjacent nodes (Roever et al. 2013). The results of this theory are current
and voltage maps. The intensity of the electric current indicates the possibility of movement of people in
the landscape. In addition, by using the �ow map, it is possible to identify important corridors and
communication areas in the landscape. Voltage, which indicates the amount of electric current �ux
difference between two nodes in a circuit, can also be used to predict the probability of an individual
arriving from a point in the circuit to a speci�c destination, or in other words, to predict the success rate of
individuals. (Srisang et al. 2007). The superiority of this model over other common analytical models that
study habitat relationships is in identifying multiple pathways for species distribution (Minor and Urban,
2007). The advantage of this method is that if one or more of the diffusion and migration routes are lost
at some point, the importance of the other remaining predicted routes increases. More importantly, the
communication models resulting from this theory are very close to how the species move in the
landscape. The idea of using habitat suitability models to calculate resistance is that in the landscape,
pixels with desirable habitat characteristics, such as low human population density and the absence of
roads, have little resistance to species passage, while Pixels with poor habitat characteristics such as
agricultural land, high human population density, and roads show high resistance to species movement
(Minor and Urban, 2007). This means that there is an inverse relationship between resistance and habitat
suitability. Therefore, the relevant layer can be used to prepare the resistance layer (Hirzel et al. 2007).
The inverse resistance layer is the habitat utility layer. Where the value of the pixels is high, it means that
there are many obstacles to the movement of the species and the species is less inclined to move in
those directions.

Map of main nodes

Habitat maps show the resistance of each pixel of the land landscape to the conductivity of the �ow
conductor (SalmanMahiny and Kamyab, 2011). This map shows spots or polygons (usually the main
habitats) that indicate the degree of habitat connection they are modeled (Roever et al. 2013). Here, about
�fty major nodes are shown as high-habitat patches and as a map of the main nodes.

Since the electrical circuit program uses data in ASCII format, after preparing the layers in the Idrisi
environment, their format became the desired format.

Execution of electrical circuits program

By converting habitat raster pixels to nodes and connecting each of them to the nearest adjacent nodes,
the program forms networks and calculates the intensity of the �ow through the nodes (communication
or the possibility of propagation of individuals). Slowly the electrical current between the nodes is
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calculated based on the average resistance or the average amount of conductivity between the nodes.
Because the selected raster map of the habitats showed the resistance of the study area, the relationship
was calculated based on the mean resistance. Circuit theory uses one of the following four methods to
calculate the relationship between nodes.

1- Pairwise: In this method, the relationship between the two nodes (pixels) is calculated. In this method,
one node is optionally connected to the output (Ground) and the other node to a current source of one
ampere (Source), and the current passing through the two nodes is calculated and this process is
repeated between all pairs of nodes.

2-: One - to - all in this method, one node is connected to the current source of one ampere and the other
nodes are connected to the ground and the process is repeated for each node.

-: All-to-one in this model, one node is connected to the ground and the other nodes are connected to a
current source of one ampere. This method is a good alternative to the �rst method. Especially when the
goal is to map important communication areas between multiple habitats.

4-Advanced mode: In this method, the user has the option to specify any number of input (Source) and
output (Ground) for the electric current in the landscape (Roever et al. 2013). In this study, the third model
was used to calculate the electric current. Because it shows important areas for habitat communication
better than the other three models, it also runs faster and requires less memory.

Preparation of electric current map (corridors between two habitats)

Here, the One - to - all method is used to determine the optimal network model of corridors and the results
of the implementation of circuit theory in the form of a �ow intensity map for rams and ewes are shown
in Figure 8. In this model, the value of each pixel indicates the intensity of the current passing through
that pixel (node) or in other words the probability of the species moving from one habitat spot to other
spots. Warmer (brown) colors indicate higher �ow intensities than diffusers, which can be seen in
different parts of the study area. As we move towards lighter browns, the �ow rate decreases, and
consequently the probability of propagation decrease. In bold areas, the probability of species movement
is very high, but the small width of some areas makes communication very vulnerable.

Identifying the areas where the movement of the �ow, or in other words the movement of the species
through the narrow zone, is one of the most important results of the �ow maps for the target species.
These important communication areas, called pinch points, are the most sensitive and vulnerable parts of
the communication network because the elimination or reduction of habitats in these areas can disrupt or
cut off communication in the whole area.

Habitat corridor modeling

Least-cost modeling is a method used for measuring the effective distance, rather than the Euclidian
distance, between habitat patches. This method has been used in planning to assess the connectivity of
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existing or proposed reserves. GIS technology is an important tool for conducting least-cost analyses.
Typically, a resistance surface in raster format is the input to the least-cost modeling. This resistance
surface is derived from one or more spatially explicit variables such as animal-habitat relationships
distance to development or other avoided areas, topography, physical barriers such as fences, roads, or
streams. GIS habitat layers in polygon or grid format are weighted according to the expected resistance
encountered by an organism when moving across the surface and linear features are then merged with
the weighted resistance surface. Care must be taken when adding narrow features to the resistance
surface to ensure that the narrow features are completely connected. ‘Cracks’ in narrow linear features
may allow the least-cost path to incorrectly pass through an area with high resistance.

We used CorridorDesigner software in ArcGIS 10.2 to model habitat corridors. CorridorDesigner identi�es
least-cost corridors between termini (start–end locations). We identi�ed a terminus in each core area as
the set of all potential population patches within the core area.

Discussion And Conclusion
One of the main goals of this study was to analyze the overlap of structural and functional corridors of
wild sheep, a threatened species in semi-arid area in the west of Iran. To address this goal, we used
mathematical morphology and circuit theory to map structural and functional corridors of wild sheep
respectively. In accordance with Van Looy et al. (2014) our results revealed a mismatch between
structural and functional corridors, suggesting that Conservation planning cannot rely on structural
corridors alone. Protecting structural corridors may therefore have limited e�cacy in this region. The
exact proportion of animal movement occurring in structural corridors likely depends on the con�guration
of protected areas and structural corridors. Nevertheless, these results are in agreement with observations
from local communities and conservation o�cers.

We gained incomplete information from interviews with locals which was limited to few villages. In the
future, systematic interview with informed locals is recommended to gather more extensive data on
brown bear presence in the study area. Iranian protected areas are close to the VI category of the IUCN,
whereas wildlife refuges and national parks resemble the IV and II categories of the IUCN, respectively
(Lausche and Burhenne-Guilmin2011). Based on the modeled connectivity, connectivity currently occurs
among some habitat patches of the wild sheep in the study area. Without doubt, local education on
values of the wild sheep in the region could also be effective along with appropriate law enforcement to
reduce sheep–human con�icts and consequently enhance wild sheep conservation in both habitat
patches and areas of connectivity (Baruch-Mordo et al. 2011).

Maintaining and restoring communication in different parts of the country's landscape requires
communication models and indicators that are reliable and e�cient. One of these models is the
communication model which is based on the theory of electrical circuit and has been used to predict the
movement pattern in the landscape, identify important habitat spots and corridors to plan for protection
(McRae, 2006). In this study, this modeling approach was used to investigate habitat relationships and
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identify migration corridors for the vulnerable species of Armenian rams and ewes in the study area in
three provinces of Kurdistan, Zanjan, and Azerbaijan. Because according to the circuit theory approach,
the �ow through the pixels (nodes) is equivalent to the probability of species movement, it can be
interpreted that in the case of ram and ewe tra�c between the mentioned habitats, the sections with high
�ow intensity will be the most probable route for their passage. Identi�cation of important
communication areas in the region is another important result of �ow maps. The protection of these
important areas is very important.

Although accuracy assessment of our results is mainly based on conservation o�cers’ observations, we
solicited information from only the experienced ones in our study with a good knowledge of the study
area and species. Of course to obtain more robust results in future research, application of tracking
methods and gene �ow analysis are suggested. On the other hand, to produce landscape resistance
against the movement of wild sheep, we used inverse of habitat suitability as a common method.
Comparison of our results with resistance layers derived from land-cover, topography, and level of human
disturbance are also suggested for future studies.
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Figure 1

Geographical location of the study area
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Figure 2

Presence points of Armenian rams and ewes in the study area
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Figure 3

Habitat suitability in the study area
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Figure 4

Habitat spots that is highly desirable for rams and ewes
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Figure 5

Flow map between studied habitats
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Figure 6

Least cost corridor map between studied habitats


