
      Research Artichle Kastamonu Uni., Orman Fakültesi Dergisi, 2021, 21(3): 268-276  

Kastamonu Univ., Journal of Forestry Faculty 

Doi:10.17475/kastorman.1049353 

268 

Use of Centrality Metrics to Protect Wildlife Ecology and 

Habitat Connectivity Analysis  

Huriye Simten SÜTÜNÇ

Siirt University, Landscape Arhitecture, Kezer Campus, Siirt, TURKEY 

Corresponding Author: simten.sutunc@siirt.edu.tr 

Received Date: 23.02.2021  Accepted Date: 18.09.2021 

Abstract 

Aim of study: Aim of this study was to conduct a habitat connectivity analysis using centrality metrics 

to protect the regional wildlife-habitat connections of the Siirt landscape, and to ensure the continuity of 

ecological flows in the landscape. 

Area of study: Increasing urbanisation trend in recent years and human impact on natural resources 

cause the diversity in Siirt landscape to be negatively affected. Centrality metrics were sampled in Siirt 

landscape in terms of re-establishing and maintaining the connectivity in the landscape.  

Material and methods: Environmental Plan was used to define the core areas. Land cover/land uses 

were digitised using Geographical Information Systems. Firstly, landscape connectivity corridors defined 

with least-cost-path and secondly, current flow centrality was used with circuit theory.  

Main results: The core area with the strongest flow centrality was forest, with a value of 14.6, and the 

core area with the weakest flow centrality was marsh at 8.23. The core areas that establish the easiest and 

strongest connection with each other are wetland-pasture, pasture-geologically reserved area, and pasture-

ecological area. 

Highlights: The greater the distance between core areas, the weaker the degree of connectivity 

between species and habitats. Increasing the distance between core areas negatively affects the ecological 

flow.  

Keywords: Centrality Metrics, Circuit Theory, Habitat Connectivity, Least-Cost-Path, Ecological 

Flow. 

Yaban Hayatı Ekolojisini Korumak Amacıyla Merkezlik 

Metriklerinin Kullanılması ve Habitat Bağlantılılık Analizi 

Öz 

Çalışmanın amacı: Bu çalışmanın amacı. Siirt peyzajının bölgesel yaban hayatı ve habitat 

bağlantılarını korumak ve peyzajdaki ekolojik akışların sürekliliğini sağlamak için merkezlik metriklerini 

kullanarak bir habitat bağlantı analizi yapmaktır. 

Çalışma alanı: Son yıllarda artan kentleşme eğilimi ve doğal kaynaklar üzerindeki insan etkisi Siirt 

coğrafyasındaki çeşitliliğin olumsuz etkilenmesine ve parçalanmanın artmasına neden olmaktadır. 

Peyzajdaki bağlantının yeniden kurulması ve sürdürülmesi açısından merkezlik metrikleri Siirt peyzajında 

örneklenmiştir. 

Materyal ve yöntem: Siirt peyzajında çekirdek alanları tanımlamak için 1/100.000 ölçekli Çevre 

Düzeni Planı kullanılmıştır. Bu plandaki tüm arazi örtüsü/arazi kullanımları Coğrafi Bilgi Sistemleri 

kullanılarak sayısallaştırılmıştır. En düşük maliyetli yol yöntemi ile peyzaj bağlantı koridorları 

tanımlanmış, merkezlik metrikleri için de devre teorisi kullanılmıştır. 

Temel sonuçlar: Siirt peyzajında en güçlü akış merkeziliğine sahip çekirdek alan 14.6 değeriyle 

orman, en zayıf akış merkeziliğine sahip çekirdek alan 8.23 ile bataklıktır. Birbiriyle en kolay ve en güçlü 

bağlantıyı kuran çekirdek alanların sulak alan-mera, mera-jeolojik açıdan sakıncalı alan ve mera-ekolojik 

alan olduğu görülmüştür. 

Araştırma vurguları: Çekirdek alanlar arasındaki mesafe ne kadar büyükse, türler ve habitatlar 

arasındaki bağlantı derecesi o kadar zayıftır. Çekirdek alanlar arasındaki mesafenin artması ekolojik akışı 

olumsuz etkilemektedir. 

Anahtar Kelimeler:  Merkezlik metrikleri, Devre teorisi, Habitat Bağlantılılığı, En Düşük Maliyetli 

Yol, Ekolojik Akış. 
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Introduction 

Wildlife ecology is the use of ecological 

principles to study wildlife species (Rachlow, 

2008). Although the term "wildlife" has been 

used with different meanings in the past, 

today the term also includes all terrestrial 

vertebrates and invertebrates. Fish and other 

aquatic species are not considered within the 

scope of wildlife. Individual organisms and 

their relationships with the environment, the 

interaction of individuals in a population, 

community dynamics and structure are all 

within the scope of wildlife ecology. More 

recently, this scope has been expanded to 

include interaction of wildlife with 

ecosystem processes and the genetics of 

populations (Rachlow, 2008). The most basic 

concept of wildlife ecology is habitat. 

Habitat has been used both in organism-

specific and terrestrial sense. Wildlife 

ecologists, on the other hand, defined the 

habitat as the place where the species carries 

out all its vital activities (Rachlow, 2008). 

Habitat corridors allow movement between 

isolated populations and increase genetic 

diversity. Corridors between habitats help the 

dispersal of species and ecological flow, 

while minimising interactions between 

wildlife and human. In recent years, with 

increase in the use of geographic information 

systems technology and the expansion of its 

scope, the distribution of wildlife species and 

their habitats has become analysable and 

mappable.  

Our planet is undergoing constant change 

and transformation. Approximately 17% of 

the land on the earth’s surface has been 

converted to urbanisation and agriculture, 

and 56% is characterised by rural, urban, and 

suburban use. Only approximately only 26% 

can be defined as large wild areas (Locke et 

al., 2019). Although these three usage types 

are considered separately from another, they 

all require ecological connections within and 

between them. In landscape ecology, 

connectivity (corridors) is used to describe 

the structural and functional continuity of a 

landscape in space and time (Forman & 

Godron, 1986). The habitat connection at the 

landscape level plays an important role in the 

viability of the population by facilitating 

movement, migration, dispersal and re-

colonisation by maintaining gene flow (Saura 

& Pascual-Hortal, 2007). In particular, the 

spatial configuration and distribution of 

habitats at the landscape scale determines the 

survival and persistence of species (Xun et 

al., 2014). Movement of individuals between 

landscapes can affect many ecological 

processes, from individual survival to the 

viability of populations as well as 

metapopulations, community dynamics, 

ecosystem resilience and wider biodiversity. 

Species distributions and variations depend 

on the mobility of the species (e.g., in 

response to climate change) and still mediate 

landscape structure. Loss of connectivity, 

mainly caused by the unprecedent expansion 

of anthropogenic infrastructure, is an 

increasingly central driver of the global 

biodiversity crisis. Therefore, a need for 

consensus on what connection means and 

how to measure it. One of the ways to look at 

landscape is to examine the structural 

connectivity of the landscape, regardless of 

any biological or behavioural characteristics 

of organisms interacting with it (Kindlmann 

& Burel, 2008; Tischendorf & Fahrig, 2000). 

Alternatively, Taylor et al., (1993), used the 

term “landscape connectivity” to describe the 

degree to which the landscape facilitates or 

inhibits movement between source patches. 

The later derivative of this term is the 

concept of “functional connectivity”, which 

focuses on the landscape from the 

perspective of the species and thus on the 

outcome of interactions between individuals 

and landscape structures according to their 

needs, perceptions, and reactions. This term, 

which is closely tied to the “movement 

ecology” paradigm, that focuses on 

individuals and their reactions to their 

environment (Allen & Singh, 2016; Fraser et 

al., 2018; Nathan et al., 2008), has become 

dominant in landscape ecology. To 

summarise, structural connectivity represents 

a part of the landscape that is connected 

through corridors or other structures. 

Functional connectivity includes species-

specific situations and their interaction with 

landscape structure. The functional 

connectivity is therefore the real connectivity 

from a species perspective. However 

effectively maintaining the connectivity 

between landscapes and species requires an 

assessment of how landscape composition 
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and structure affect ecological and 

evolutionary processes at a wide variety of 

levels of biological organisation (Carroll et 

al., 2012; Rayfield et al., 2011).  

In this study, a connectivity analysis was 

conducted using graph theory, which 

describes the relationship between 

movements of species in the landscape and 

its habitats and provides complementary 

information for both corridor design and 

regional conservation planning (D’Elia et al., 

2020; McRae, 2012; McRae et al., 2008; 

McRae & Kavanagh, 2011). In this theory, a 

graph is a set of nodes where node pairs can 

be connected by edges representing 

functional connections between nodes 

(Urban et al., 2009). Weights can be assigned 

to edges that represent a feature such as 

habitat quality. A series of nodes connected 

by edges form a path. While the landscape 

pattern has highly abstracted structures, the 

graphics can reveal more delicate aspects of 

the landscape structure that may not be 

otherwise noticed. In graph theory and 

network analysis, centrality metrics identify 

the most important corners in a graph. 

Centrality metrics answer the question “what 

characterises an important node?”. 

The answer is given as a real- valued 

function at the vertices of a graph, and the 

values generated here are expected to provide 

a ranking that identifies the most important 

nodes (Newman, 2010). In this study, the 

landscape corridors in the landscape of Siirt 

were defined, and the flow centrality along 

the networks forming the corridors was 

calculated. Current flow centrality provides a 

measure of how important a connection or 

core area is in keeping the public network 

connected. In the landscape of Siirt, the core 

areas with the strongest flow centrality were 

forests and pastures, with a value of 14.6, 

while the core area with the weakest flow 

centrality was marshes at 8.23. Centrality 

metrics defined common networks 

containing alternative connections that would 

provide more flexibility in planning. This 

method can be used in habitat connectivity 

analysis and in planning studies aimed at 

protecting regional habitat connectivity in the 

broadest sense. 

 

Material and Methods 

Study Area 

Increasing urbanisation trends in recent 

years and human impact on natural resources 

have had a negative effect on diversity in the 

Siirt landscape and caused increased 

fragmentation. Therefore, centrality metrics 

are sampled in the Siirt landscape in terms of 

re-establishing and maintaining the 

connectivity in the landscape. Siirt Province 

is located in the south-eastern Anatolia 

Region of Turkey at 37.9293° North latitude 

and 41.9413° East longitude. Siirt stands out 

for its agricultural identity due to the 

characteristics of its region. However, there 

are different land cover/land uses in the 

province (Figure 1). 

Figure 1. Geolocation of Siirt and land uses  
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Landscape Connectivity and Centrality 

Metrics 

A 1/100.000 scaled EP was used to define 

the core areas in the Siirt landscape. In this 

plan and within the borders of Siirt, all land 

cover/land uses were digitised using 

Geographical Information Systems (GIS), 

and the core areas to be used in the next 

stages were created through the Patch 

Analyst/PatchGrid (Rempel, 2015). 

Centrality metrics were used to determine the 

answer to which core areas in the Siirt 

landscape had stronger connectivity and 

which core areas had more continuous 

ecological flow (McRae et al., 2008). The 

calculation of centrality metrics took place in 

two stages. In the first stage, the landscape 

corridors between core areas were 

determined using the least-cost-path (LCP) 

and Euclidean distance (ED) methods 

(McRae & Kavanagh, 2011) and in the 

second stage, the flow centrality between 

these corridors was calculated with centrality 

metrics (McRae, 2012). The Linkage 

Pathways (McRae & Kavanagh, 2011) 

software was used to determine the corridors 

between core areas. The software uses core 

area data and resistance raster to identify and 

map corridors between core areas. Each cell 

in the resistance map is associated with a 

value that reflects the energetic cost 

(difficulty and risk of death) of moving 

through that cell. Resistance values are 

typically determined by cell characteristics 

such as land cover or settlement density, 

together with species-specific landscape 

resistance patterns. Cost-weighted-distance 

analyses produce accumulated aggregate 

motion resistance data as species move away 

from specific core areas. 

Linkage Pathways (McRae & Kavanagh, 

2011) uses ArcGIS and Python scripts to 

identify adjacent core areas and identify the 

lowest-cost corridors between them. It then 

mosaics the corridors to create a single 

composite corridor map. The result shows 

the relative value of each grid cell in 

establishing connections between core areas, 

helping to determine which paths meet more 

or fewer features that facilitate or inhibit 

movement between core areas. After 

determining the corridors, the centrality of 

the flow between them and the identification 

of which core area would strongly support 

this flow were calculated using Centrality 

Mapper (McRae, 2012). This software 

analyses the connection networks and 

calculates the “current flow centrality” 

throughout the networks. Current flow 

centrality is a measure of the importance of a 

connection keeping the public network 

connected. This is circuit theory (Cushman & 

Landguth, 2010; Cushman et al., 2006; 

D’Elia et al., 2020; Dyer et al., 2010; Hanks 

& Hooten, 2013; Lookingbill et al., 2010; 

McRae, 2006; McRae & Beier, 2007; McRae 

et al., 2008; Owen-Smith et al., 2010; 

Rayfield et al., 2011; Saura & Rubio, 2010; 

Urban et al., 2009) In this study, the 

Circuitscape v4.0.5 software was used for 

easy application of circuit theory. 

Circuitscape is an open-source software that 

uses circuit theory to model connectivity in 

heterogeneous landscape. Its common 

applications include modelling movement 

and gene flow of plants and animals, as well 

as identifying areas important for 

connectivity conservation. In connection 

with Circuitscape, Linkage Mapper is a 

toolbox that includes six tools -only Linkage 

Pathways and Centrality Mapper used in this 

study- can be used for predicting wildlife 

corridors in landscape. These toolboxes use 

Circuitscape to execute circuit theory that is 

the most important for keeping a network 

connected. According to Dutta et al., (2016), 

Centrality Mapper treats each core as a node, 

and each connection as a single resistor and 

assigns a resistance equal to the cost-

weighted-distance of the corresponding 

lowest-cost corridor. It repeats all the core 

filed pairs, injecting 1 ampere (A) of current 

into a core filed. It then maps the cumulative 

current flow by summing the current flow for 

each core and connection. This indicates the 

importance of each connection in 

maintaining connectivity across the entire 

core network and can be thought of as a 

measure of connectivity and core centrality. 

 

Results and Discussion 

Landscape Connectivity 

Considering the scale of the study, 

although the Tigris River passing through the 

provincial boundaries and the streams 

feeding it are dominant, the highway and the 
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first-degree road are within the scope of the 

landscape connectivity corridors. Habitat, 

channel, and resource functions, which are 

among the characteristics of corridors, vary 

in parallel with high connectivity that enables 

species to move easily along the corridor. 

The less space per unit length along the 

corridor, the higher the connectivity. In 

addition to the number of voids, degree of 

aggregation and the length of each cavity are 

ecologically important. Clustered spaces 

serve as a series of stepping stones in the 

corridor system (Forman, 1983; Forman, 

1995; Forman & Godron, 1986; Shi et al., 

2020). When the connectivity in the Siirt 

landscape is evaluated, the core areas that 

establish the easiest and strongest connection 

with each other are wetland-pasture, pasture-

geologically reserved area, and pasture-

ecological area. The distance values of these 

fields to each other are 0 (zero). When 

evaluated, according to LCP lengths, the core 

areas that required the most interaction to 

establish a connection were the wetland, 

protected area, pasture, geologically reserved 

area, and marsh. This indicates that there is 

less space between these areas (Figure 2). 

Shorter LCP lengths have greater current 

flow centrality. 

 

 

Figure 2. Landscape connectivity corridors

 

Core areas with a greater distance 

between them are the most remote and most 

difficult to connect; agricultural land-

irrigation area, marsh-forest, rocky terrain-

irrigation area, marsh-protected area, marsh-

agricultural area, and marsh-rocky terrain. 

The stronger the connection between core 

areas in the landscape of Siirt, the more 

easily ecological flow occurs. This makes it 

easier for species to interact better with the 

landscape and contributes to heterogeneity. 

 

Centrality Metrics and Habitat Connectivity 

Analysis 

Opening natural habitats/landscapes to 

human use, narrowing the habitats of species,  

disrupting landscape connectivity and 

increasing the level of habitat fragmentation 

are among the greatest threats to biodiversity 

and functional ecosystems (Fahrig, 2003). 

Metapopulations are spatially structured 

populations of species, and the persistence of 

these populations is strongly associated with 

landscape connectivity. When landscape 

connectivity is low, subpopulations are 
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isolated and recovery following local 

extinction is less likely, as successful 

recolonisation depends on the dispersal of 

species throughout the landscape (Hanski & 

Ovaskainen, 2003). On the other hand, even 

if habitat fragmentation has reduced the 

number of habitat patches in the landscape, 

species moving from one patch to another 

can reach large areas of habitat with a 

sufficiently high level of connectivity 

(Lundberg & Moberg, 2003). 

In graph theory, measurements with 

centrality metrics consider paths between all 

possible pairs of nodes to assess the role of 

each node in mediating ecological flow 

Figure 2. Centrality metrics analysis 

(Borgatti, 2005; Bunn et al., 2000; Carroll et 

al., 2012). Node loss occurring in most of the 

roads in the networks that provide ecological 

flow disproportionality increases the distance 

or transition time between networks, just as 

the connections of the chain break. Within 

the framework of centrality metrics, the 

current centrality of flow among the core 

areas in the Siirt landscape was forest. The 

strongest flow was between the geologically 

reserved area and agricultural area with the 

values of 3.96 and14.6, while the weakest 

was marshes with the value of 8.23 (Figure 

3). When evaluated in terms of flow 

connections, the weakest flow centrality was 

seen between the rocky terrain and the 

irrigation area (0.74). 

 

Figure 3. Centrality metrics analysis

 

In the connectivity analysis, the current 

flow centralities of the wetland-pasture, 

pasture-geologically reserved area, and 

pasture-ecological area, where the ED values 

between them were 0 (zero) and which could  

easily connect with each other, were 

calculated as 3.41, 3.18, and 2.56, 

respectively. The current flow centres of the 

agricultural area-irrigation area, marsh-

forest, rocky terrain-irrigation area, marsh-

protected area, marsh-agricultural area, and  

 

marsh-rocky terrain, which had the greatest  

ED values, were calculated as 0.92, 2.10, 

0.74, 2.11, 2.11, and 2.14, respectively. In 

the connectivity analysis, the current flow 

centrality values of the core areas with 

similar ED and LCP values close to each 

other were also close together. 

Another feature that draws attention in 

both maps is that the connections are 

concentrated in the northwest of the area, 
taking into account certain core areas. Of 
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course, it can be assumed that topographical 

features contribute to this, but the 

concentration should not be attributed 

entirely to this. The first reason may be the 

index values of the areas provided as input to 

the software before the connectivity analysis, 

and the second is the distance between them. 

When the results of the analyses with the 

connectivity and centrality metrics are 

examined, it is seen that the core areas with 

the lowest index value and the core areas 

with the highest index value show high ED 

and LCP values. In contrast, the ED and LCP 

values of the core areas whose core area 

index values are close to each other are also 

low. This appears to be a factor affecting the 

ecological flow between habitats and species 

(Allen & Singh, 2016; Fraser et al., 2018; 

Nathan et al., 2008). There seems to be some 

proportionality between the ED and LCP 

values and the current flow centrality values. 

Core areas with high distance values have 

low current flow centrality. This means that 

the shorter the distance between core areas, 

the stronger and easier the ecological flow 

between species and habitats. In contrast, the 

longer the distance values, the more difficult 

the ecological flow between species and 

habitats. On the other hand, connections 

concentrated in a certain part of the field 

indicate the presence of clustered spaces 

(Forman, 1983; Forman, 1995; Forman & 

Godron, 1986; Shi et al., 2020) that serve as 

stepping stones. It can be concluded that the 

marsh, wetland, protected area, ecological 

area, rocky terrain, geologically reserved 

area, and irrigation area serve as stepping 

stones in the landscape of Siirt. It should also 

not be overlooked that these areas are not 

fragmented/relatively fragmented areas.  

 

Conclusions 

Dams and roads built to meet the needs of 

the population with increasing urbanization 

trends in recent years have caused 

fragmentation in the Siirt landscape. With 

this fragmentation, the connectivity between 

species and habitats in the landscape was 

interrupted in parallel. Restoring the 

connection between species and habitats and 

maintaining the ecological flow is important 

not only in Siirt but also on a global scale. In 

this study, a habitat connectivity analysis was 

conducted using centrality metrics to assess 

ecological flow between species and habitats. 

According to analysis results; 

-The greater the distance between core 

areas in the Siirt landscape, the weaker the 

degree of connectivity between species and 

habitats. 

-Increasing the distance between core 

areas negatively affected the ecological flow. 

-The current centrality of flow between 

the core area pairs (rocky terrain-irrigation 

area) having similar index values was lowest. 

In contrast, the current centrality of flow 

between pairs of core areas (marsh-rocky 

terrain) with the lowest and highest index 

value was high. 

-In the landscape of Siirt, the few and 

unfragmented areas (ecological area, marsh, 

protected area, geologically reserved area, 

wetland, rocky terrain and irrigation area) 

served as stepping stones.  

Items that can be considered among the 

recommendations of this study are explained 

in the following paragraphs. Landscape 

connectivity is the role of landscape structure 

in promoting or hindering the separation and 

movement of ecological flows within a 

landscape, reflecting the responses of 

ecological processes to the landscape pattern. 

Therefore, decision makers and practitioners 

will need to act more proactively to evaluate 

and improve the extent to which habitat 

patches scattered throughout the landscape 

function as stepping stones that facilitate 

distribution among otherwise isolated habitat 

areas. 

Each different-sized patch/habitat has 

different effects on the landscape. While 

large and medium-sized habitats play an 

important role in maintaining the overall 

connectivity in the landscape, small habitats 

are used as “stepping stones” to improve 

connectivity in local areas. For the 

construction of ecological networks, and 

their improvement and effective connection 

to the landscape through corridors, 

conservation studies should choose methods 

with strong implementation direction, carry 

out studies aimed at the continuation of 

ecological flow between species and habitats, 

formulate and implement upper-scale 

planning strategies, and manage the work to 

be done by different professional disciplines. 
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It should not be overlooked that 

conservation and maintenance of the 

connectivity in the landscape for species and 

habitats may be required not only in core 

areas but also in areas outside the core areas, 

and different strategies may need to be 

applied.  
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