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Abstract 15 

Context. Recently, the land use changes in Northern provinces of Iran have led to great damages to ecological systems 16 

and services provided by these areas. These changes effect on interconnectedness of green patches and habitats which 17 

enables animal movement and gene transfer. 18 

Objectives. This study aimed to provide a model for planning to increase habitat quality and to improve the structure 19 

and function and conservation of biodiversity by applying the principles of landscape ecology, graph theory, and 20 

ecological network.  21 

Methods. This study was performed on Phasianus colchicus in the part of north of Iran, where is the main habitat of 22 

this species. For this purpose, after extracting the ecological network of the highest quality habitats and the most 23 

important cores, corridors were determined to increase their function and structure. Finally, the habitats changes and 24 

corridors were anticipated in the future. 25 

Results. The results show that the foothill regions of studied where link Hyrcanian forests, farmlands, and tea 26 

farmlands are among the highest priorities for pheasant habitat in this region. However, the small number of bridges 27 

as corridors connecting habitats in this ecological network, the large number of main components and the extremely 28 

high percentage of isolated patches indicates the high disintegration of these habitats and therefore the poor condition 29 

of the habitat of this species. 30 

Conclusions. The methodology of this study can be used in different scale to identify potential corridors and manage 31 

them by taking long-term view and considering the continuation of the past trend.  32 

Key words: ecological network, graph theory, habitat, corridor, Phasianus colchicus 33 

1. Introduction 34 

Biodiversity conservation, as a crucial ecosystem service, is strongly related to other ecosystem services (Wilson 35 

1988). It can directly influence the provision of many other ecosystem services which are sensitive to specific species 36 

communities (Alves and Rosa 2007; Isbell et al. 2013) and also indirectly affect some ecosystem services related to 37 

biological processes (Roe et al., 2019; Sanderfoot and Holloway 2017) by influencing inner ecosystem processes, 38 

such as mediating the activities of species as mediators (Mohallem et al. 2005). Biodiversity is affected by several 39 

factors such as invasive species, climate change, pollution, overexploitation, natural disease spread, nutrient salinity 40 

loads, and contamination, among which habitat changes are considered the greatest threats to biodiversity (Lee and 41 

Jeon 2020; Singh et al. 2021). 42 

 43 

Habitat quality refers to the ability of ecosystems to provide appropriate and suitable living conditions for the survival, 44 

reproduction, and population persistence to sustain a species (McKinney 2002; Sharp et al. 2016).,Therefore Habitat 45 

quality, as a proxy of biodiversity, can characterize regional biodiversity levels and overall  ecological  quality  based  46 



on  the  spatial  distance  between  habitat  and  threats to certain extent (Hall et al.  1997; Zhang et al. 2020; Wu et al. 47 

2021; Sharp et al. 2018; Terrado et al. 2016; Peng et al. 2018). With the increased need for scientific research and 48 

developing advanced technologies, some proxy indicators and models, which mainly depend on more available data 49 

(Bright 1993), such as remote-sensing images (Symes et al.  2018), have been developed in recent years (Carrete et 50 

al. 2019). Compared with some quantitative measurement based on species distribution data and direct records, these 51 

methods make measuring biodiversity more efficient and feasible (Hammerschlag & Gallagher 2017) since it can save 52 

time and energy for researchers (Bodeker et al. 2014). The habitat quality index (HQI), which demonstrates the 53 

potential of habitat to provide a sustainable living environment for organisms (Chapin and Diaz 2020), is one such 54 

indicator.  55 

 56 

1.1. Ecosystem services and InVEST 57 

The structure and function of an ecosystem products goods and services that are valuable and well known as ecosystem 58 

services (Heal et al. 2005). InVEST, which provides evaluation methods for more than twenty-five ecosystem services 59 

(Linders et al., 2019; Kilpatrick et al., 2017), is one of the most widely used software for evaluation and spatialization 60 

of ES (Singh et al. 2021), that can assess various ecosystem service, provide comprehensive analysis for planning 61 

ecological restoration, pay ecosystem services (PES), and assess developmental effects and space permit (Liu and 62 

Zhao 2018). Liu and Zhao (2018), Lüke and Hack (2018), Sadat et al (2019), Li et al (2020), Wang et al (2020), Shi 63 

et al (2020), Thellmann (2021) and Guo et al (2021) applied the InVEST model to simulate the ecosystem services.  64 

InVEST model of habitat quality index (Sharp et  al. 2018) with the most detailed routine for evaluation of biodiversity 65 

(Cotter et al. 2017), combines information on land use and land cover change (LUCC), accessibility to sources of 66 

threats, threats to biodiversity, the sensitivity of habitat to threats, and a half‐saturation constant to generate HQ maps. 67 

Therefore, it has been widely and successfully employed for the maintenance of biodiversity based on the relative 68 

reach and degradation of different habitat types, resources and environment management and land‐use planning (Sharp 69 

et al. 2018). Such as Lin  et al (2017), Haiping  et al (2018), Gong et al (2019), Jie et al (2019), Choudhary et al (2020), 70 

Kija et al (2020), Berta Aneseyee et al (2020), Lee and Jeon (2020), Song et al (2021), Yang (2021), Wu et al (2021).  71 

 72 

1.2. Ecological network and habitat quality 73 

Ecological connectivity is a structural characteristics of land landscape which is commonly defined as the degree in 74 

which the land landscape can facilitate the movement of animals among their habitats and become a vital factor for 75 

genetic survival of species (Liu et al. 2018). Essentially, a proper landscape design requires a biological network and 76 

system (Zhao et al. 2019). Ecological networks are often characterized as a collection of habitat cores linked by buffer 77 

zones, corridors, and stepping stones that enable animals to move among them (Bennett et al. 2006). Ecological 78 

network analysis is a technique for analyzing the interactions and linkages between ecosystem components through 79 

corridors and finding the ecosystem's underlying features. This method emphasizes the ecosystem's structural 80 

characteristics and functional interactions (Dos et al. 2020; Zhao et al. 2019). As a result, ecological networks are used 81 

and discussed with the goal of proper land use planning, and because the creation of these networks has the capability 82 

to connect and integrate fragmented habitats, it is a significant tool for conserving habitats and species, as well as 83 

improving the ecological structure and function (Yang et al. 2017; Opdam et al. 2006; Worboys et al. 2010). 84 

In recent years, the morphological spatial pattern analysis method, which focuses primarily on structural connection, 85 

has become more popular in environmental network analysis (An et al. 2020). This method is a way of processing. 86 

Vogt and Soille developed this image in 2009. Based on the four main operations of mathematical morphology, namely 87 

"corrosion," "expansion," "opening," and "closure," this approach can measure, detect, and discriminate the spatial 88 

pattern of raster pictures. MSPA is mostly used for structural link analysis, but it may also be used to separate 89 

landscapes from structures (Soille and Vogt 2009). As a result, this model is utilized to identify critical habitat plots 90 

and corridors that contribute to landscape connectivity at the pixel level (Ye et al. 2020). 91 

The utilization of land characteristics is one of the most prevalent approaches for surveying and measuring ecological 92 

cohesiveness. Landscape measures are valuable tools for describing spatial patterns and assessing the order of 93 

landscape components in time and space (Zhou and Li 2015; Frazier et al. 2019). The majority of ecological measures 94 

do not view the region within the spots as a continuous place, according to critics of researchers that use those. In 95 

other words, the higher the number of spots, the higher the degree of continuity evaluated by these measurements 96 

(Shafinejad et al. 2015). Despite the fact that graph theory has a long history of environmental protection, recent 97 

environmental researchers have discovered that it is a more effective way of measuring ecological continuity and 98 

evaluating functional connectivity and continuity, and that it can play a key role in the landscape. It can determine 99 

their contribution to the overall Landscape link and quantify it (Liu et al. 2018; Zhang et al. 2019; Baranyi et al., 2011; 100 



Pirnat et al. 2016). Zhang et al. (2019), Liu et al. (2018), Xiao et al. (2020), Cui et al. (2018), Ye et al. (2020), Dai et 101 

al. (2021), Foltête et al. (2014) and Shafinejad et al. (2015) proved the potential of graph theory to measure land image 102 

metrics for analyzing its continuity. 103 

1.3. Corridors and habitat quality 104 

The core of ecological corridors, which is connected organisms with landscape (Saura et al. 2011), provide some 105 

ecological services such as saving water, purifying pollutants, and reducing the heat island effect (Zang et al. 2002). 106 

Ecological corridors facilitate the migration of animals and plants between habitat patches, thus enhancing 107 

connectivity between isolated populations. It is suggested to use corridors to connect isolated habitat patches to 108 

mitigate the negative impact of habitat fragmentation (Ye et al. 2020).  In recent years, some researches has been 109 

conducted to determine the ecological network extract potential corridors in some habitats and to in them. Including 110 

Ye et al (2020), Xiao et al (2020),  Ye et al (2020), Guo et al (2018), Shi and Qin (2018),  Shi et al (2020), Wei et al 111 

(2018) 112 

Gilan Province, situated in northern Iran, is one of the country's fastest-growing provinces in terms of land usage 113 

(conversion of forest to agricultural land) (Nohegar et al. 2015). The distribution of certain terrestrial species has 114 

shifted in recent years as a consequence of land use change, urbanization, and land degradation (Ashoori 2009). 115 

Phasianus colchicus is one of the province's most threatened terrestrial birds, with its name designated as the least 116 

endangered species on the Red List of the International Union for Conservation of Nature. Pasture areas, tea farmlands, 117 

agricultural lands, orchards, and broadleaf woods with an area of at least 640 hectares are ideal habitat for pheasant 118 

species. Approximately 5 to 10% of this area, or 30 to 60 hectares, should be covered with grasslands and bushes 119 

(Ashoori et al. 2018; urban habitat basic 2021). This bird may lay eggs and build a nest among pastures and bushes. 120 

However, a tree cover density of 5 to 25% is preferred for such. Due to the fact that these woodlands are mostly 121 

covered with bushes. Because the pheasant's protective strategy against predators is to conceal, this species avoids 122 

canopy forests by more than 25% because it may be impossible for the species to hide owing to plant scarcity 123 

(Robertson 1997; Li et al. 2009). Furthermore, since it favors flying species to avoid being hunted in an emergency, 124 

decreased tree density may aid the bird's flight (Li et al 2009). Finally, typical pheasants need forests and agricultural 125 

fields because agricultural lands give food and forests provide habitat for species. 126 

Several research are done about demography and habitat selection by pheasants in the world. Male pheasants prevail 127 

in natural or manmade plant strips (wood borders, fences, hedges, and rows of trees) and in places characterized by 128 

significant habitat variety, according to research by Meriggi et al. (1996) and Nelli et al. (2012) in Italy. Pheasants 129 

also prefer smaller areas of habitat with more regular boundaries. Furthermore, according to Li et al. (2009), terrain, 130 

vegetation, and distance from water sources, and human presence are all critical factors in Phasianus colchicus 131 

foraging habitat selection in Huanglong. In Iran, Ashoori et al. (2018) identified locations in Gilan province with 132 

promise as a habitat for this bird based on physical, human, land cover, and climatic characteristics. Following a 133 

comprehensive assessment of this species' current habitat, the most important extraction, connection of land, habitats, 134 

and main and important corridors according to habitat type and distribution distance of Phasianus colchicus species is 135 

performed in the first step, and the future status of these habitats and corridors is predicted in the second step. The key 136 

issue here is that there isn't a thorough approach for studying this species. This implies that non-use of species, 137 

disregarding the resistance of various land uses, and failure to utilize a proper approach to assess the priority of habitats 138 

and ecological networks may be shown in many research. 139 

2. Material and method 140 

 141 

2.1. Study area 142 

The study area in this research is combining Lahijan Chaksar and Astaneh-Kuchesfahan watersheds in the east and 143 

capital of Gilan province, respectively (Fig. 1). Astana-Kochsfahan basin with an area of 1100 square kilometers is 144 

formed on the Caspian Cone and the Sefidrud River deltas. The surface boundaries of this basin are the Caspian Sea 145 

and the Sepidroud River deltas in the north, Hyrcanian forests in the south, Lahijan-Chakaksar watershed in the east 146 

and Fumanat plain in the west. The longitude of this basin fluctuates from 490 12' to 500 5' eastern latitude and 370 07' 147 

to 370 25' north length. This area involves sections of Astana, Rasht, Siahkal, Rudbar and Lahijan counties. Lahijan 148 

Chaksar watershed with an area of 30 square kilometers is located from 500 21' to 500 26' eastern latitude and 370 02' 149 

to 370 06' north length. The borders of this area from the north to Caspian Sea, to the east and west, to the dry rivers 150 

of Rud and Polroud, and from the south involve section of Hyrcanian forests. This area involves sections of Lahijan, 151 

Langarud, Amlash, Rudsar, Siahkal and few sections of Rudbar. 152 

2.2. Data analysis 153 

https://www.sid.ir/en/Journal/Searchpaper.Aspx?Writer=936149


This study is classified as an applied research, because of its nature and its contribution to improve the decision-154 

making atmosphere. In this study, INVEST and Conefore softwars, CA Markov models and MSPA method as well as 155 

different satellite images are applied to evaluate the Phasianus colchicus habitat quality and influence of future land 156 

cover changes on these habitat ecological network.  157 

2.2.1. Classification of satellite images 158 

Challenges ahead in satellite images classification ensure image super-quality, which is highly prevalent in certain 159 

locations such as the Northern provinces, develop an ideal technique to correct atmospheric and geometric images, 160 

and lastly process and categorize them in an optimal manner (Sadat al 2021). The research employed Google Earth 161 

Engine to categorize satellite images in order to overcome these issues. The system is a web-based platform that was 162 

initially introduced in 2008. For processing extremely big data sets, this system enables convenient access to high-163 

performance computer resources without the need for substantial software expertise (Xiong et al 2017). Users of Earth 164 

Engine may access and evaluate data included in operators' general and personal instructions. These operators are 165 

implemented in a massive parallel processing system that separates, distributes, and performs high-performance 166 

parsing automatically (Gorelick et al. 2017). This system's general data instruction is a collection of frequently used 167 

geographical databases that spans many petabytes. The majority of these recommendations are made up of ground-168 

based remote sensing images, including the full Landsat library as well as the whole archive of Sentinel-1 and Sentinel-169 

2 data (Fuentes et al., 2018; Shelestov et al. 2017). Climate projections, land cover data, and a variety of environmental, 170 

geophysical, and socioeconomic data sets are also included (Gorelick et al. 2017). The Google Earth Engine receives 171 

pre-processed images for quick and simple access (Kumar and Mutango 2018; Venter et al. 2020). 172 

Based on the mentioned cases for land cover classification in present research, from the total of Landsat 8 images in 173 

the period 01/01/2020 to 01/01/2021 and the total of Landsat 5 images in the period 01/01/2000 to 01/01/ 2001 and 174 

01/01/2010 to 01/01/2011, which had a cloud cover below 5%, were applied. Land cover was classified into eight 175 

categories using the products and instructions of the vegetation index 9 related to the four seasons in the mentioned 176 

time periods, urban lands, canopy cover to identify forest areas with trees above 30 meters, and finally educational 177 

data removed from the ground and entered into the system by the user. Forest, open space, rangeland, farmland, tea 178 

farmland, open space, water body, and built up area including were all used. 179 

2.2.2. Monitor and predict of land cover  180 

In this step, Markov chain analysis was used as a basis for mapping the future changes to analyze land cover changes 181 

from one period to another. This model is a random model where the state of one future system (t2) can be predicted 182 

according to its previous state (t1) and the potential for transmission. Markov model in homogenous mode is displayed 183 

to compute land use changes such as Eq. 1 184 

L (t+1) = Pij  L (t) 185 

                                        ∑        𝑃𝑖𝑗𝑚𝑗=1 = 1. i.j = (1.2……m)               (Eq. 1) 186 

(0 ≤ 𝑃𝑖𝑗 ≤ 1) 187 

T + 1, respectively, and Pij are matrix of probable transition in one case. In other words, the Markov chain is like Eq. 188 

2 It is created from the land use distribution at the beginning (Mt) and the end of a separated period of time Mt + 1) 189 

as well as from a transition matrix (MLc) that illustrates the changes that occurred in the intended time period.  190 

                                            Mle  Mt = Mt+1                               (Eq. 2) 191 

Outputs of this analysis include transition probability matrix (TPM), transitioned area matrix (TAM), and conditional 192 

probability images (CPI) (Salman Mahini and Kamyab, 2009). In this study, the automated cells model was used in 193 

combination with the Markov chain model for locating the changes. The automated cells-Markov model is a 194 

combination of automated cells, Markov chain and Multi Objective Land Allocation which is used to predict future 195 

changes in land cover and land use.  196 

The Markov chain does not add any information about the random spatial distribution within each land use category. 197 

There is no spatial component in the output of modeling, moreover, its failure to provide information about spatial 198 

distribution in the Probability Markov model, another issue arise which is the study of the homogeneous transition 199 

probability for the categories use in this model, whereas the probability of transition is not constant in each class . 200 



Therefore, cellular automation can be used as a supplement to this model, especially when different processes are 201 

analyzed at different spatial and temporal scales and this model is characterized by high flexibility and simulation 202 

potential(Peter et al. 2004; Deep and Saklani 2014; Arsanjani 2013). 203 

Using the automated cells-Markov model to predict the land cover map of 2040 requires initial examination of the 204 

model capability to predict changes in the region. For this purpose, land cover maps from 2000 to 2010 were analyzed 205 

in Software IDRISI Selva using Markov module. Thereby, the transition probability matrix of this 10-years period 206 

was calculated and used for predicting the changes in land cover in the studied area nine years later (2020). At this 207 

stage, the relative error of maps used in the analysis was also calculated as the kappa coefficient equal to 0.85. Then, 208 

the map of 2020 was used as a base map to simulate future changes. The land cover changes for 2040 were predicted 209 

using automated cells Model and the image of 2020. In This prediction, the relative error of maps used in the Markov 210 

analysis was 15%, the repetitions number of automated cells was considered 10 times and the adjacent filter with a 211 

5*5 window was used.   212 

 213 

2.2.3. Habitat quality assessment 214 

As noted above, The Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model of habitat quality 215 

(Sharp et al. 2018) was used for modeling the Phasianus colchicus habitat quality in 2020. In this model the quality of 216 

habitat in parcel x that is in LULC j be given by Qxj where, 217 

           (Eq. 3) 218 

Here, Qxj is the habitat quality of grid x in habitat type j, and habitat suitability Hj represents the degree of suitability 219 

as a habitat for different types of habitats. The value of habitat suitability ranges between 0 and 1. The larger the value, 220 

the higher the suitability is. Dxj refers to the degree of reduction in the quality of the habitat in grid x and habitat type 221 

j; k is a half-saturation constant, which is half of the maximum reduction degree, and z is a normalized constant. 222 

Habitat degradation needs to be calculated first, as shown in Equation (4): 223 

   (Eq. 4) 224 

Where Dxj is the habitat degradation or total threat level of LULC type j in a grid cell x; R is the number of threat 225 

factors; r presents the threat layer; y indicates all grid cells on a raster map of r; Yr indicates the set of grid cells on a 226 

raster map of r ; w r indicates the weight of each threat factor (value from 0 to 1); ry indicates the effect of threat r 227 

that originates in grid cell y ; irxy indicates the distance between habitat and the threat source and the impact of the 228 

threat across space; βχ is the factor that may mitigate the impact of threats on habitat through various protection 229 

policies S jr indicates the sensitivity of LULC type j to threat factor r , where values closer to 1 indicate greater 230 

sensitivity. 231 

The model uses seven types of input data include Current LULC map, Threat data, Sources of threats, Habitat types 232 

and sensitivity of habitat types to each threat. With reference to related research (Ashorri et al. 2018; Mirzaei et al. 233 

2015; Peng et al. 2021; Li et al. 2009; Chhetri et al. 2021) the threats to habitats, maximum impact distance, and 234 

weights for each factor were derived (Table 1). The main threats to the Jeju roe deer were urban land, farmland, and 235 

bare land, which can be termed human activity areas. The roads were designated as a separate threat category, 236 

especially because roads were the biggest threat due to accidents with vehicles. The averages of the values presented 237 

in existing references were used as the weights. 238 

 239 

Table 1 Threat factors and their maximum distance of influence, weight, and type of decay over space 240 

Threat Factors Maximum Distance of 

Influence (km) 

WEIGHT Type of Decay over 

Space 



Slope 0.1 0.05 Linear 

Dem 0.1 0.1 Linear 

Climate 0.3 0.1 exponential 

Path forest 0.05 0.35 exponential 

Canopy cover 0.1 0.4 exponential 

 241 

Also the sensitivity of habitats to threat factors were derived from previous studies (Schmitz and Clark 1999; Jiliang 242 

et al. 2006; Li et al. 2009; Ashorri et al. 2018; Karami et al. 2008; Leif 2005). The sensitivity of land use type to threats 243 

factors is shown in Table 2. 244 

 245 

Table 2 The sensitivity of land‐use type to habitat threat factors 246 

 247 

LULC HABITAT SLOPE DEM CLIMATE PATHFOREST CANOPY 

COVER 

Forest 0.4 0.1 0.5 0.4 0.5 0.8 

Open space 0 0 0 0 0 0 

Rangeland 0.6 0.3 0.5 0.6 0.5 0.3 

Farmland 0.6 0.3 0.5 0.6 0.7 0.1 

Tea farmland 0.8 0.3 0.1 0.1 0.1 0.1 

Garden 0.3 0.1 0.5 0.5 0.4 0.2 

Built up area 0 0 0 0 0 0 

 248 

2.2.4. Landscape Pattern Analysis Based on the MSPA Method 249 

The MSPA classification routine starts by identifying core areas, based on user-defined rules for defining connectivity 250 

and edge width. Different from the traditional method in which the nature reserves or forest parks were selected 251 

directly as the patches or corridors, MSPA is used to identify the important habitat patches and corridors which play 252 

an important role in landscape connectivity at the pixel level (Vogt 2018). After the classification of habitat quality 253 

map, the most important habitats are extracted to be the foreground, and others as the background, background, a 254 

series of image processing methods are used to divide the foreground into seven non-overlapping categories (Table 255 

3). 256 

 257 

Table 3 Definition of landscape type based on the morphological spatial pattern analysis (MSPA) 258 

Class Description 

Foreground Area under forest pixels 
Background Area under non-forest pixels 

Core Foreground pixels surrounded by foreground pixels are greater than the specified edge 
width distance from the background. The larger habitat patches in the foreground pixels 

can provide a larger habitat for the species and are the ecological source of the ecological 
network. 

Islet Foreground pixels that do not contain the core. Isolated, broken small patches that are not 
connected. 

Perforation Pixels that form the transition zone between foreground and background for interior 
regions of the foreground. The pixels forming the inner edge would be classified as 

perforations. 
Edge Pixels that form the transition zone between foreground and background for interior 

regions of the foreground. The pixels forming the outer edge would be classified as edge. 
Bridge Foreground pixels that connect two or more disjunct areas of the core. It 

represents the corridor connected by patches in the ecological network 
Loop Foreground pixels that connect the same core area. Loop is a shortcut for species migration 

in the same core area 



Branch Foreground pixels that extend from an area of the core, but do not connect to another area 
of the core. Only one end of it is connected to the edge, bridge, loop or perforation 

 259 

Unlike traditional methods that focus on the area or importance of a single patch without taking the integrated 260 

landscape connectivity into account, this method provides the four- or eight-neighbor rule since the connectivity 261 

analysis is conducted on a raster grid. It allows automatic classification based on geometric concepts at a pixel level 262 

(Guo et al., 2018).Then the core area, which is regarded as the most important area for landscape connectivity, under 263 

the eight-neighbor rule and the edge width as 30 meter (which can meet the needs of pheasants in the area) extracted 264 

for next step. Also according to the initial images, the cell size was considered 3030 meters, which can preserve the 265 

main elements of the landscape of the study area. 266 

 267 

2.2.5. Evaluation of Landscape Connectivity in the Study Area 268 

Graph theory may be used to determine the landscape's connectivity and the function of each point inside it. 269 

Conefor2.6 software was used to prepare the core communication network after constructing the ecological network 270 

and identifying the habitat cores. In this method, habitat core networks were built with a neighborhood link between 271 

them, which is what each of these connections is referred to as a connection. The joints were weighted and measured 272 

based on the distance between the core locations and the distance from the edge to edge of each spot relative to each 273 

other. The information was then loaded into the program as primary data in the form of two text files based on the 274 

features of each place, the distances between them, and the potential or impossibility of linking them.  275 

According to Leif's research on 95 male pheasants from 1997 to 2001, pheasants dispersed and moved an average of 276 

3.2±0.3 km. Therefore, in this study, the threshold of the connection distance of the core has been set at 3.2 km, which 277 

can guarantee the successful migration of this species (Lief 2005). 278 

Conefor is a graph theory-based software tool that helps experts understand the relevance of habitats and connections 279 

in maintaining or improving the landscape, as well as evaluating the impacts of habitat and land use change on 280 

patchwork. As a result, by identifying and prioritizing critical locations for ecological connectedness, it is seen as a 281 

tool to aid decision-making in environmental preservation and land use planning. Because of its innovative 282 

performance continuity measurements, this program outperforms competing software and indicators (Saura et al., 283 

2011). 284 

The metrics used to quantify the landscape connectivity are probability of Connectivity (PC) Equation (2)),, and the 285 

delta of PC (dPC, Equation (3)) which are based on a probabilistic connection model, and Integral Index of 286 

Connectivity (IIC) and Delta of Integral index of connectivity (dIIC), which are based on a binary connection model. 287 

These metrics, which can reflect well the degree of connection between core patches in the regional level were 288 

calculated based on a graph-theoretic approach by Conefor Sensinode 2.6 software (Cook 2002; Ye et al. 2020; Xiao 289 

et al. 2020; Saura and Pascual-Hortal 2007; Dai et al. 2021; Cui et al 2018). 290 

It's worth noting that the first two measures are used to investigate species movement, while the second two measures 291 

are used to investigate network structure (Qi et al. 2017; Bodin and Saura 2010). 292 

The landscape connectivity indices were calculated as follows: 293 

The probability of connectivity (PC) can not only quantitatively describe the landscape connectivity, but it can also 294 

identify patches with important connectivity. PC is calculated by the following formula (0 < PC < 1) (Eq. 5): 295 

 296 

                      𝑃𝐶 = ∑ ∑ 𝑃𝑖𝑗𝑎𝑖𝑎𝑗𝑛𝑗=1𝑛𝑖=1 𝐴𝐿2            (Eq. 5) 297 

Where n is the total number of habitat nodes in the landscape, ai and aj are the area of nodes i and j, AL is the total 298 

landscape area, and pij is the maximal probability of the potential paths between patches i and j (Shi et al., 2020). 299 

The delta of PC (dPC) can calculate the contribution of each patch to the overall connectivity of the ecological network. 300 

It can identify patches that are crucial to PC. dPC is calculated according to the following formula (Eq. 6): 301 

 302 𝑑𝑃𝐶 (%) = 𝑃𝐶−𝑃𝐶𝑃𝐶 100%            (Eq. 6) 303 

 304 



Where PC is the overall landscape connectivity and PC’ is the overall landscape connectivity after removing a patch 305 

from the original landscape. The change of the overall landscape connectivity is regarded as the importance value of 306 

the removed patch. 307 

 308 

The Integral index of connectivity (IIC) is recommended as the best binary index for the type of connectivity analysis 309 

(Eq. 7) (Pascual-Hortal and Saura 2006). 310 

 311 𝐼𝐼𝐶 = ∑ ∑ 𝑎𝑖𝑎𝑗𝑛𝑗=1𝑛𝑖=1 𝐴𝐿2                (Eq. 7) 312 

Where n is the total number of nodes in the landscape, ai and aj are the attributes of nodes i and j, nlij is the number 313 

of links in the shortest path (topological distance) between patches i and j, and AL is the maximum landscape attribute. 314 

The importance of an existing node for maintaining landscape connectivity (dI) is calculated according to a certain 315 

index (I) as a percentage (Eq. 8). 316 

 317 𝑑𝐼𝐼𝐶 = 100. (𝐼𝐼𝐶−𝐼𝐼𝐶𝑟𝑒𝑚𝑜𝑣𝑒)𝐼𝐼𝐶              (Eq. 8) 318 

Where IIC is the overall index value when all of the initially existing nodes are present in the landscape and IIC 319 

remove is the overall index value after the removal of that single node from the landscape (Shi et al 2020). 320 

Following the collection of measurements for each cores, the top 8 patches with a dPC value greater than 4 were 321 

chosen as the most significant habitats in this research and as a base for future investigation. 322 

2.2.6. Ecological Corridor Construction Based on the Least-Cost Path 323 

For this objective, in this research, the analysis of the minimum cost path that is a computer-based method to find and 324 

visualize the optimal paths was applied. 325 

The least-cost path analysis was most applied to design communication corridors among protected areas. The basis of 326 

this method is to determine the route that a species travels from one area to another at the lowest possible cost 327 

(Abdollahi and Ildermi 2017).Based on the cumulative cost of mobility, this technique analyses the probable travel 328 

patterns of animals (Etherington, 2016). A small comparison of alternative animal movement pathways, the ability to 329 

incorporate simple or complicated models of habitat influences on animal movement, and the restriction of structural 330 

communication models by modeling the communication of animals in the landscape are all benefits of this technique 331 

(Taylor et al. 2006). 332 

Network development is often optimized using least cost-path analysis. This method assumes that species incur a cost 333 

when crossing an area, which is also known as resistance, and is the amount of resistance used to calculate the 334 

connection between two habitats per unit of land cover (Bunn et al. 2000), which can indicate the energy expended 335 

while crossing the area, the risk of death, or the impact on the species' future ability to reproduce (Abdollahi and 336 

Ildermi 2017). In this research, the optimum path with the lowest cost for the species is selected using this algorithm 337 

from among the various corridors linking the two habitats. Table 4 indicates the assigned resistance values (Kong et 338 

al. 2010; Guo et al. 2018). 339 

 340 

Table 4 Land cover resistance value 341 

Resistance Value Land cover class 

10 Forest 
30 Open space 
10 Rangeland 
5 Farmland 
1 Tea farmland 

1000 Built up area 
 342 



At last, the condition of the ecological network is extracted and suggested corridors are forecasted in the future by 343 

overlaying the land cover map for 2040 with the map of the most significant Phasianus colchicus habitats and 344 

ecological corridors constructed for this species. 345 

3. Results 346 

3.1. Classification of satellite images and monitoring LC dynamics 347 

According to the LC maps, figure 1 shows the spatial–temporal changes in land cover over the past 20 years (2000-348 

2020). The LC pattern in the study area has changed dramatically in this period of time. The forest cover declined 349 

significantly by 20171 ha, while built-up land and open spaces expanded significantly from 2000 to 2020 by +10508.7 350 

and -131992.21 ha, respectively (Table 5). 351 

However, the habitat of this species is immediately impacted by the conversion of farmland, rangeland, forest, and tea 352 

farmland to cities and other built-up regions and open spaces. Furthermore, increasing pollution accumulation and 353 

urbanization will raise pollution levels in the area, which will have an indirect negative impact on this species' habitat 354 

quality 355 

 356 

Fig. 1 Land cover maps in 2000, 2010, 2020 and 2040 357 

Table 5 The land cover changes from 2000 to 2040 and rate of changes 358 

Land cover 2000 2010 2020 2040 Change in 

2000-2020 (ha) 

Change in 

2000-2020 (%) 

Forest 201624.60 190827.04 181453.14 162579.48 -20171.46 11 
Open space 153549.75 100856.89 147723.54 131992.21 -5826.21 300.7 
Rangeland 27410.86 80753.311 54668.38 83401.74 +27257.52 100.9 
Farmland 188109.07 186881.01 173312.812 157649.24 -14796.258 0.07 

Tea 
farmland 

42828.82 44476.06 46646.96 51561.96 +3818.14 100.08 

Built up area 25524.56 30893.36 36033.26 48358.40 10508.7 100.4 



 359 

In addition, between 1999 and 2020, the area under tea cultivation and agricultural land rose by 3818 (ha) and reduced 360 

by 14796(ha), respectively, owing to forest degradation and conversion to tea farmland. This usage and destruction of 361 

rural land for development and conversion of use to urban land is suitable for this purpose. Results of the modeled 362 

map of 2020, which was modeled according to 2000 and 2020 LC map, were compared with actual land cover map 363 

of 2020. The comparison of sample points on the ground with the results of the classification map showed that 91% 364 

(K=0.91) of predictions and development trends were anticipated correctly. Thus, the model has sufficient accuracy 365 

and efficiency. The predicted map for 2040 indicates that, if the current trend continues, the amount of constructed 366 

and open space areas that are unable to offer habitat services for pheasant species would expand by 180350.6 hectares. 367 

In addition, hectares of tea farmland areas have been added, while hectares of forest lands have been removed. 368 

Deforestation and conversion of forest areas to agricultural fields and tea production in the northern section of the 369 

Hyrcanian woods, which affects pheasant habitat to the south and higher slopes, are key factors in this respect. 370 

3.2. Habitat quality modeling 371 

The results of the habitat quality in study area in 2020, which is variation varied by habitat types, are shown in figure 372 

2. Habitat quality values are assigned to each grid and displayed as a continuous value. From the aspect of land cover 373 

types, open space and built up area had no habitat quality and farmland, tea farmland, garden, had relatively high HQ 374 

because of their high habitat suitability (Table 2). 375 

Phasianus colchicus species have the best habitat in the southern lands of forests, where the presence of tea farmlands, 376 

agricultural lands, and rangeland next to the forest offer appropriate locations for hiding, nesting, and feeding. A major 377 

loss in habitat quality may be noted as distance from these locations increases, as can the height of trees in forests, as 378 

well as the height and slope of the ground. Agricultural lands in the northern part of the area, which are distant from 379 

woods and are situated at a suitable height and slope and have excellent humidity and temperature, are also of rather 380 

low quality. In addition, the region's southern lands, which are high in elevation, lack adequate flora, and have a dry 381 

and cold climate, are regarded poor habitats for such species. 382 

 383 

Fig. 2 Phasianus colchicus habitat quality map for 2020  384 

3.3. Ecological network Analysis  385 

As previously stated, pheasant habitat and other forms of land cover were utilized as background and background data 386 

for the morphological spatial pattern analysis model, respectively, based on the output of the InVEST model. The 387 

MSPA model was used to create an ecological network map of these habitats, which can be shown in Figure 3. 388 

 389 



 390 

Fig. 3 Spatial distribution of landscape pattern of the Phasianus colchicus highest quality habitats based on MSPA 391 

The findings reveal that the most acceptable Phasianus colchicus habitat is 6347.32 square kilometers of the research 392 

region. With an essentially continuous geographical structure, the primary regions, known as the habitat cores, are 393 

centered in the middle section of the region and north of the Hyrcanian forest. The primary areas are more dispersed 394 

in the eastern and western parts of the region, which may be explained by the decline of agricultural lands and high 395 

tree canopy density, which has resulted in fewer habitats and their disintegration. In general, the number of main cores 396 

is unequally distributed over the network, accounting for 16.21% of the entire network area (Table 6). The ecological 397 

network's bridges, which serve as linking corridors and allow species movement across habitats, took up 34 hectares 398 

of the habitat network's total area. Due to the cores fragmentation, this sort of structure is more noticeable in the 399 

western half of the area than in the eastern half. The absence of perforation into the core of the habitats also implies 400 

that the cores are linked. The number of islands in this region as isolated areas with no connection to other habitats is 401 

quite high, occupying a total of 513 hectares of total area, indicating the species' negative habitat status in the area. 402 

Table 6. Statistical areas of each landscape type. 403 

Accounting for the habitat Area (%) Landscape Type 

0 Large Core 
Core 3.36 Medium 

12.85 Small 
34.47 Islet 
24.67 Edge 
5.63 Bridge 
3.09 Loop 

15.92 Branch 
0 Perforation 

 404 

3.4. Evaluation of landscape connectivity and ecological corridor construction  405 

The value of dPC and dIIC of each habitat nucleus with a dispersion distance of 3.2 km2 is computed using the 406 

Confore2.6 program output. The findings suggest that the overall level of dPC and dIIC in the studied area is more 407 

than 0.0004, indicating the presence of isolated habitats, as well as a lack of relevance and continuity in the region's 408 

ecological network of Phasianus colchicus habitats. As previously stated, the top 10 patches with a dPC value greater 409 

than 4 have been chosen as the most significant Phasianus colchicus habitats in this research for future investigation. 410 

Because the size of the habitat space is an essential consideration in design, Table 10 shows the estimated measures 411 

and area of each of the cores. The most significant habitat nucleus for Phasianus colchicus among the analyzed habitats 412 

is nucleus No. 329, with dPC and dIIC equal to 54.64 and 48.09, respectively, while nuclei Nos. 486, 1013, 395, 1062 413 

and 909, respectively, have been recognized as the most important habitat nuclei. 414 

 415 



Table 7 Evaluation of the landscape connectivity index of the core areas 416 

Rank Core code dIIC dPC Area (ha) 

1 329 48.09342 54.64138 1561.37 
2 1062 26.65506 8.434121 510.52 
3 782 21.58754 4.378782 212.63 
4 1013 20.15743 11.22601 766.81 
5 523 20.10818 2.642042 91.63 
6 670 18.73592 4.679809 30.72 
7 909 13.40127 8.540193 486.60 
8 486 11.71476 17.61406 365.82 
9 395 8.757191 7.316922 273.54 
10 709 4.982706 54.64138 350.60 

 417 

The prioritizing of the eight major cores is shown in Figure 4. The geographical distribution of the connection in the 418 

region, as shown in this diagram, suggests that there is a need to enhance the connections of the spots owing to the 419 

existence of noticeable interruptions. The central part of the study area occupy important Phasianus colchicus habitats 420 

with the most connections, due to its appropriate distance from residential areas and the presence of agricultural lands 421 

and pastures in the forest, which have the potential to provide food for pheasants and are a good place for nesting and 422 

breeding. As a consequence of their lesser size and dPC, cores on the western and eastern boundaries have a lower 423 

priority for constructing a communication corridor. At last, the optimal corridors among two habitats were identified 424 

applying the method of least-cost analysis with a maximum distance of 3200 meters. Total length of these corridors 425 

is 35.9 km. 426 

 427 

Fig. 4 Cores with the highest priority in Phasianus colchicus habitats and potential corridors between the target cores 428 

Regarding the amount of land cover resistance, these corridors are basically forest lands or tea fields, mixed with 429 

pastures which have the capability to upgrade and enhance considerable ecological network. 430 

As previously stated, the predicted land cover map for 2040 indicates a growth in the area of developed locations as 431 

well as forest degradation and conversion to tea farmland and farmland. Putting together a land cover map, habitat 432 

attractiveness, and built-in corridors to boost core link demonstrates that if the present trend continues, some of the 433 

finest habitats for this species in the area will still be desired in the future, but many of them will be lost due to 434 

development. On the one hand, the conversion of deciduous forest lands, the retreat of forest boundaries to highlands, 435 

and the spread of cities into forests, and on the other hand, this species' simultaneous demand for forest for nesting 436 

and agricultural areas and pastures for sustenance, will be eliminated. Furthermore, as the process progresses, some 437 

of the intended corridors may lose their function and will no longer be ideal passageways for the transit and migration 438 

of this species across ecosystems (fig. 5). 439 



 440 

Fig. 5 The structure of selected Phasianus colchicus habitats and connecting corridors in 2040 441 

4. Conclusions: 442 

Human activities have steadily impacted and destroyed animal and plant habitats in recent years, as cities have grown 443 

rapidly and land cover has changed. Meanwhile, the Northern provinces are no exception, and their species diversity 444 

has constantly been declining. As a result, how to build ecological networks and plan to enhance their structure has 445 

become a solution to this dilemma and the conservation of species habitats in recent years. Corridors are one of the 446 

key components of the ecological network structure that allow species movement by strengthening habitat structural 447 

cohesion. 448 

This research explains a technique for recognizing existing structural land characteristics, assessing the link, and 449 

building an environmental network utilizing MSPA and graph theory (using Conefor 2.6 software). This combined 450 

approach of MSPA, Graph Theory, and least-cost path analysis may convert environmental networks from structural 451 

to functional connectedness, which is crucial for Phasianus colchicus mobility across portions of such habitats in the 452 

research region. The integration of the CA-Markov model with the ecological network and InVEST was also 453 

successful in predicting the possible impacts of future land cover changes on ecosystem habitat services and the 454 

ecological network in this research. The combination of the software and models stated above provides two benefits. 455 

It can first assist planners in identifying the most important habitats, increasing their yield and improving their 456 

structure, and then measuring the effects of LCLU as a complex social-ecological system on habitat ecosystem services 457 

as one of the most important services provided by ecosystems in the second step. 458 

The results of this study suggest that the study area's foothills, which serve as a crossroads for Hyrcanian forests, 459 

agricultural regions, and tea farmland, have the greatest priority for pheasant habitat. The situation is somewhat better 460 

in terms of continuity in the middle portion of these habitats, and the farther we go from the center to the west and 461 

east of the region, the more dispersed and less distributed observed from this place owing to the loss of farm lands and 462 

rangelands. The modest number of bridges serving as corridors linking habitats in this ecological network, along with 463 

the significant number of essential components, suggests that planners and specialists believe this network requires 464 

corridors. The lack of perforation within the cores, on the other hand, verifies the network's advantageous position in 465 

terms of core internal connection. The large proportion of isolated areas in the region, on the other hand, shows a high 466 

level of habitat disintegration and, as a consequence, a bad state of this species in the area, emphasizing the need for 467 

effective planning to enhance the structure and function of this land. 468 

The loss of desirable habitats in terms of severe deforestation and land use change over the next twenty years, which 469 

causes the habitat of this species to be limited and regress to higher altitudes, which is not physically suitable for this 470 

species, and thus we will see a significant decrease in the population of this species in the future if the current trend 471 

continues. 472 

Based on the results of this study, it can be concluded that the approach utilized in this study may be used to a variety 473 

of studies on big and small sizes to identify prospective corridors, with a long-term perspective and taking into account 474 

the current trend. This strategy may also be used to manage habitats based on the species' demands and sensitivity, as 475 



well as the resistance of each user and the species' capacity to travel across habitats. Finally, the identified corridors 476 

as the optimal pathways for pheasant movement across habitat cores should be extensively studied and safeguarded 477 

against cover changes, in addition to conserving the ecological network's bridges and turns and avoiding perforation 478 

in the cores. Furthermore, encouraging awareness of indigenous populations to invade in this manner leads 479 

marginalized and inter-habitat farms to function as stepping stones for pheasant migration, which will play an essential 480 

role in strengthening habitat coherence and enabling migration across habitats. 481 
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