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Abstract 
Protected areas have two tasks on a global scale: First, to protect biodiversity and second, to ensure the continuity of 
ecosystem services. Identifying potential links between protected areas in a region and barriers between these links or 
restoration points is very important for the effective development and implementation of conservation strategies within 
the scope of biodiversity. In this study firstly, potential connectivity corridors between 10 different protected areas were 
determined to support the biological diversity in the Rize landscape, then the barriers that could block the ecological flows 
in these corridors were determined by using 100 m, 500 m, 300 m radii. Least Cost Path and Cost Weighted Distance 
methods were used for both analyses. The most suitable corridors have been identified between Kaçkar Mountains 
National Park-1st Degree Natural Protected Areas-Wildlife Protection and Development Area and Firtina Creek. 
Improvement scores were calculated by considering the radii determined for the barriers. As a result, the highest 
improvement scores at 100 m, 500 m 300 m radii were calculated as 21.1, 4.49, and 7.0, respectively, and according to 
these scores, it showed that there were barriers between Karadere, Handüzü Nature Park, Uzungöl Special Environmental 
Protection Area and Kaçkar Mountains National Park. The method used in this study is important in terms of generating 
protection strategies for protected areas in the Rize landscape. The results of this study will guide not only protected areas 
in Rize landscape, but also conservation priority planning studies. 
Keywords: Landscape connectivity, Protected areas, Barriers, Restoration opportunities, Improvement score, 

Biodiversity. 
 
 

Ekolojik Bağlantılılığı İyileştirmek İçin Korunan Alanlar Arasındaki 
Bariyerlerin Belirlenmesi 

 
Öz 
Korunan alanların küresel ölçekte iki görevi vardır: Birincisi, biyolojik çeşitliliği korumak ve ikincisi, ekosistem 
servislerinin devamlılığını sağlamak. Bir bölgedeki korunan alanların birbirleri arasındaki potansiyel bağlantıların ve bu 
bağlantılar arasındaki engellerin ya da restorasyon noktalarının belirlenmesi, biyolojik çeşitlilik kapsamında koruma 
stratejilerinin etkin bir şekilde geliştirilmesi ve uygulanması açısından oldukça önemlidir. Bu çalışmada, Rize 
peyzajındaki biyolojik çeşitliliği desteklemek için önce, 10 farklı korunan alan arasındaki potansiyel bağlantı koridorları 
belirlenmiş, sonra bu koridorlardaki ekolojik akışları engelleyebilecek bariyerler 100 m, 500 m ve 300 m’lik tarama 
yarıçapları kullanılarak tespit edilmiştir. Her iki analiz için Least Cost Path ve Cost Weighted Distance yöntemleri 
kullanılmıştır. En uygun koridorlar, Kaçkar Dağları Milli Parkı-1. Derece Doğal Sit Alanları-Yaban Hayatı Koruma ve 
Geliştirme Sahası ile Fırtına Deresi arasında tespit edilmiştir. Bariyerler için belirlenen tarama yarıçapları dikkate alınarak 
iyileştirme puanları hesaplanmıştır. Sonuçta, 100 m, 500 m ve 300 m’lik yarıçaplarda en yüksek iyileştirme puanları 
sırasıyla 21.1, 4.49 ve 7.0 olarak hesaplanmış ve bu puanlara göre Karadere, Handüzü Tabiat Parkı, Uzungöl Özel Çevre 
Koruma Alanı ve Kaçkar Dağları Milli Parkı arasında bariyerlerin olduğunu göstermiştir. Bu çalışmada kullanılan 
yöntem, Rize peyzajındaki korunan alanlar için koruma stratejileri üretmek açısından önemlidir. Bu çalışmanın sonuçları 
sadece Rize peyzajındaki korunan alanlar için değil, öncelikli planlama çalışmalarında da yönlendirici olacaktır. 
Anahtar Kelimeler: Peyzaj bağlantılılığı, Korunan alanlar, Bariyerler, Restorasyon fırsatları, İyileştirme puanı, 

Biyoçeşitlilik.   

 
†This study was presented as abstract at 2nd International Symposium on Biodiversity Research, Rize, Turkey,  
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1. Introduction 

 

Protected areas play a critical role in protecting biodiversity. Well-planned, and managed 

protected areas help maintain ecosystem services by effectively protecting species and ecosystems. 

Connectivity of protected areas is a necessity for ecological and evolutionary processes (gene flow, 

migration, species movement, etc.) (Bingham et al., 2019; Castillo et al., 2020; Saura et al., 2018). 

All these processes are essential for all species facing climatic and environmental changes that 

increasingly transform and disintegrate landscapes. Therefore, ensuring the connectivity between 

protected areas is a fundamental problem for the effective protection and management of biological 

diversity (Corrigan et al., 2018; Jalkanen, Toivonen, & Moilanen, 2020; Santini, Saura, & Rondinini, 

2016; Stewart, Darlington, Volpe, McAdie, & Fisher, 2019).  

The term barrier is defined as a landscape feature that prevents movement between ecologically 

important areas and whose removal will increase the movement potential between these areas 

(Carroll, McRae, & Brookes, 2012; Panzacchi et al., 2016). Barriers can be man-made (roads, etc.) 

or natural (rivers, streams, canyons, etc.) and, unlike corridors, it has the feature of blocking 

movement and ecological flow. As it is the case in other ecological situations, what constitutes a 

barrier to species and habitats may differ (Taylor, Fahrig, Henein, & Merriam, 1993; Tischendorf & 

Fahrig, 2000). Identifying barriers that exist along corridors that enable the movement of species is 

an integral part of corridor/linkage analysis. Knowing where barriers have the greatest impact will 

help practitioners how to invest in what protection resources to maintain and improve connections. 

For example, it may be more appropriate to restore a barrier that blocks the movement corridor across 

public land than to permanently maintain a functioning corridor that runs through private land 

(Baldwin, Perkl, Trombulak, & Burwell, 2010). Analysing such risks and gains will be necessary to 

integrate 1st, link restoration into systematic conservation-planning analysis aimed at improving 

conservation investments (Margules & Pressey, 2000; Wilson et al., 2007). 2nd, barrier analysis can 

reveal risk-acquisition situations, allowing practitioners to distinguish a land according to its 

characteristics, directing the work to be done to more appropriate action points.  

In this study, potential corridors between 10 different protected areas in the Rize landscape and 

barriers that could prevent the movement of species along these corridors were analysed. Linkage 

Mapper programme (McRae & Kavanagh, 2011) was used to identify links/corridors between 

protected areas. The programme integrates Least-Cost-Path (LCP) and Cost-Weighted-Distance 

(CWD) methods with core area data and resistance maps, calculates the least costly distances between 

existing core areas and determines connectivity corridors. Barriers between corridors connecting 

protected areas are identified with the Barrier Mapper programme (McRae, Hall, Beier, & Theobald, 

2012). The programme obtains barrier effect or restoration improvement scores for a link by 
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estimating reductions in the least-cost-distance with the lowest cumulative cost of movement between 

the respective core pair. It uses different scan radii to calculate these scores. Where the improvement 

score is maximum, removing the barrier will re-route the best course of action, for example by 

building a wildlife crossing structure. In the study in question, 100 m, 500 m, and 300 m radius values 

were used to determine the barriers between protected areas. As a result, the highest improvement 

scores at 100 m, 500 m, and 300 m radii were calculated as 21.1, 4.49, and 7.0, respectively. It has 

been determined that there are barriers between Kaçkar Mountains National Park, Uzungöl Special 

Environmental Protection Area (SEPA) in the southwest, Karadere and Handüzü Nature Park. At the 

same time, the LCP values of the links between these areas are also very high. High LCP means low 

connectivity. The method used in this study is important for generating conservation strategies for 

protected areas in the Rize landscape. The results of this study will guide not only protected areas in 

the Rize landscape but also conservation priority planning studies.  

 

2. Materials and Methods 

 

2.1. Material 

 

Rize is located in the Eastern Black Sea Region of Turkey, at 41.0255 north, and 40.5177 south 

latitudes (Figure 1). In this study, honey production forest, gene protection areas, seed stands, natural 

protected areas, nature parks, natural areas, national park, wildlife protection and development areas, 

and SEPA within the provincial borders are evaluated within the scope of the protected areas. The 

protected areas selected for barrier analysis are shown in Figure 2.  

 

 
Figure 1. Geo-location of Rize. 
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Figure 2. Protected areas of Rize. 

 

2.2. Methods 

 

Barriers are areas where landscape features inhibit wildlife movement between core areas and 

habitats. For barrier analysis, it is essential to determine the corridors first. The LCP analysis has been 

performed in order to maintain connectivity and prioritise important areas in this regard (Adriaensen 

et al., 2003; Carroll et al., 2012; Knaapen, Scheffer, & Harms, 1992; Singleton, Gaines, & Lehmkuhl, 

2002). Linkage Mapper programme developed by McRae and Kavanagh (2011) was used for the 

corridor analysis. In the first step of the method, core area data -protected areas are defined as core 

areas in this study- and resistance map is used as input. Resistance surfaces in the resistance map 

represent the difficulty for wildlife movement. Energy cost or risk of death associated with movement 

along each pixel (Zeller, McGarigal, & Whiteley, 2012). The LCP methods used to create corridors 

create a raster of CWD values by calculating the CWD of all pixels to the source area. Combining 

CWD raster obtained from the distance between the two areas, a corridor is created that shows the 

paths with the lowest cumulative movement cost (Adriaensen et al., 2003). The lowest value of the 

corridor raster is the LCP, this represents the cumulative resistance encountered when moving along 

the path best suited from one location to another and is considered a common insulation measure for 

the areas concerned (Chardon, Adriaensen, & Matthysen, 2003; Cushman, McKelvey, Hayden, & 



Karadeniz Fen Bilimleri Dergisi 11(2), 355-369, 2021 359 

Schwartz, 2006; Graham, 2001; Schwartz et al., 2009). Barrier analysis was carried out in conjunction 

with the method used for corridor analysis. For this, the Barrier Mapper programme developed by 

(McRae et al., 2012) was used. In addition to the inputs used for corridor analysis, the programme 

asks the user to specify a scan radius. The lower the LCP values at the nodes where the most suitable 

corridor between the patches/core areas is connected in the previous stage, the lower resistance values 

will be. In a landscape, systematically low measurement of LCP values within the specified scanning 

radii will ensure the determination of the areas that will provide the most gain at the lowest cost of 

the restoration. The lowest CWD between each protected area, which is the subject of this study, were 

calculated by determining the scanning radii of 100 m, 500 m, and 300 m. Then, the cumulative 

resistance between the areas within the scanning radius was calculated and the lowest CWD values 

were added to this cumulative resistance (McRae et al., 2012). As a result of this calculation, 

improvement scores were calculated. Removing the barriers in the places where the improvement 

score is the highest provides the re-orientation of the connectivity between the two areas.  

 

3. Findings and Discussion 

 

3.1. Landscape Connectivity Analysis 

 

LCP and CWD values measured across protected areas determine the basis of the corridor 

connections. Low LCP (path where least resistance accumulates) value means easier movement and 

ecological flow for the species. Connections and corridors created by calculating CWD and LCP 

values using the Linkage Mapper programme (McRae & Kavanagh, 2011) are shown in Figure 3. 

The CWD value between Kaçkar Mountains National Park – Çayırdüzü 1st Degree Natural Protected 

Area and Arılı Stream 1st Degree Natural Protected Area and Erzurum-Oltu Wildlife Development 

Area – Arılı Stream 1st Degree Natural Protected Area (10 m). The cumulative resistance in these 

areas is very low and seems quite suitable for the wildlife corridor. Cumulative resistance has been 

calculated the most among Karadere – Uzungöl SEPA – Çayırdüzü 1st Degree Natural Protected Area. 

The links between these areas pose a risk for the movement of the species. The areas seen in pink 

(108.684 m), in the raster CWD map created with the calculations are areas that are impossible in 

terms of connectivity and are at risk of death for the movement of the species. The same result can 

be seen in the LCP map. The red coloured areas (186.819 m) on the relevant map indicate the risky 

areas for corridor formation. Areas with a value of 0 (zero) in both maps are potential corridors where 

links can be created. LCP values also support CWD values. LCP values between Karadere – Uzungöl 

SEPA – Kaçkar Mountains National Park were calculated as 48.250 m and 41.344 m, respectively. 

The links between these areas cover the riskiest paths for species movement. The links where the 
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movement will be the easiest and the most risk-free are calculated between the National Park – 

Natural Protected Areas – Wetlands – Wildlife Development Areas. LCP values between  these areas 

are 10 m. 

 

 
Figure 3. CWD and LCP values of protected areas, respectively. 
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The results of this study regarding the connectivity of the landscape reveal that the cumulative 

resistance of the corridors between the interlocking protected areas is less and the connectivity value 

is higher. In the concept of connectivity, the functional link between populations is facilitated while 

structurally similar patches and habitats are connected to each other (Stewart et al., 2019). Calculation 

of LCP and CWD values shows to what extent the resistances along the corridor can affect the 

ecological flow (McRae & Kavanagh, 2011). LCP and CWD values calculated for National Park, 1st 

Degree Natural Protected Areas, Wetland, and Wildlife Development Area show the shortest corridor 

that can be created between the areas, the smoothest ecological flow and therefore the easiest 

connection. The further the fields are from each other and the more structures that serve as stepping 

stones are missing, the more difficult the movement and flow of species will be (Figure 4).  

 

The distance and cumulative resistance between the Wetland, SEPA, and 1st Degree Natural 

Protected Area is the highest. Stepping stones are structures by which species can move short 

distances between patches found in the landscape matrix. Species moving in a matrix without a 

stepping stone will travel longer along the matrix and face greater risk (Forman, 1995; Stewart et al., 

2019). When the connectivity between protected areas in the study area is examined, it has been 

revealed that the connection between the protected areas is more easily established due to the 

existence of structures whose boundaries are within each other and serve as stepping stones.  

 

On the other hand, the connection between the protected areas, where the distance between 

them and therefore the cumulative resistance is high, was weak. It can be counted among the results 

that a single protected area in a matrix has little effect on landscape connectivity. Ensuring the 

continuity and therefore the ecological integrity of protected areas is critical for species to establish 

connections in the landscape to support biological diversity (Castillo et al., 2020; Jalkanen et al., 

2020; Santini et al., 2016; Saura et al., 2018).  

 

Another factor affecting the connectivity between protected areas is land cover/land use 

(Tesfaw et al., 2018). When the map in Figure 5 is examined, it is seen that the land cover/land use 

type with the best connecting protected areas is forest matrix (coniferous, broad-leaved and mixed). 

Transitional woodland-shrub, pastures, fruit trees and berry plantations, and agricultural areas have 

negatively affected the potential corridor to be created between the fields in areas of distance.  
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Figure 4. LCP and CWD values for protected areas, respectively. 
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Figure 5. Land use/land cover and connectivity corridors between protected areas. 
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3.2. Barrier Analysis 

 

Barrier is a landscape feature that prevents movement between ecologically important areas and 

its removal will increase the movement potential between these areas. Barrier means the opposite of 

corridors. Scanning radii of 100 m, 500 m, and 300 m were created in order to determine the barriers 

between the protected areas selected for analysis. The improvement scores were calculated to include 

both the centre of the resistive pixel and the scan radius according to the LCP values at each radius. 

It was observed that barriers were formed in the southwest of Kaçkar Mountains National Park, in 

the northeast and west of Handüzü Nature Park in a scanning radius of 100 m. The highest 

improvement score for this scan radius is calculated as 21. Improvement score in the same scanning 

radius compared to the LCP value is 0.1% as a percentage.  

In the calculation in which the scanning radius was selected as 300 m, barriers were found in 

the southeast of Karadere, southeast of Kaçkar Mountains National Park, and east and west of 

Handüzü Nature Park. In this scanning radius, the improvement score is 7.0 and as a percentage, it is 

0.02%. 

In the case the radius is 500 m, it is seen that the barrier calculations made with a radius of 300 

m gain precision. The barriers between Karadere, Handüzü Nature Park, and Kaçkar Mountains 

National Park have become quite effective. In addition to these, it was revealed that barriers were 

formed between Akyamaç Waterfall Nature Park and Honey Production Forest. The highest 

improvement score in this radius was 4.49, the percentage reflection of this score on the LCP value 

was 0.01%. The status of the barriers between the protected areas in the scanning LCP value was 

0.01%. The status of the barriers between the protected areas in the scanning radii of 100 m, 300 m, 

and 500 m and the LCP values between the protected areas are shown in Figure 6.  

The results of the barrier analysis of this study showed that there are barriers and new barriers 

between Kaçkar Mountains National Park, Handüzü Nature Park, Karadere and Uzungöl SEPA. It is 

noteworthy that the barriers especially follow the streams and river lines. It can be concluded that the 

negative effects caused by the Hydroelectric Power Plant (HEPP) projects, especially in the Black 

Sea Region, show itself as a barrier between the protected areas in Rize (Figure 7).
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Figure 6. Land use/land cover and connectivity corridors between protected areas. 
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As long as the natural system interacts with each other, it is in balance. One or more barrier 

effects can be mentioned at the points where the interaction is interrupted. In addition, these barriers 

can be either natural or man-made (McRae et al., 2012). On the other hand, there was no restrictive 

effect among the natural sites in the east of Rize. Although barrier literally refers to a barrier, its use 
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for landscape refers to areas that make the passage of wildlife difficult, but where the ecological flow 

will be the best when restored. Therefore, the barrier areas analysed in the Rize landscape are areas 

where energy, material, etc. flows between species will be best when an ecological restoration 

applications are made. Identifying these areas shows how to increase the protection options available 

to practitioners, provide a better understanding of analysis products and result in more robust 

conservation plans. The most important result of the analysis is that a new corridor has been formed 

between Akyamaç Waterfall Nature Park, Honey Production Forest, and Çayırdüzü 1st Degree 

Natural Site. This is an important consequence because organisms/species rarely achieve movement 

using a single link, and the extra linkages help ensure sustained connectivity in the face of 

unpredictable environmental changes (McRae, Dickson, Keitt, & Shah, 2008; Pinto & Keitt, 2009). 

The analysis also, showed that maintaining the link between protected areas and conservation 

strategies need not be limited to a small part of the landscape, opens much more space for actions that 

can preserve or improve links, and that a balance between different conservation strategies and 

objective can be achieved.  

 

4. Conclusions and Recommendations 

 

From the moment it started to exist until today and in the future, the human has prioritised and 

will keep its own needs in order to survive. The depletion of natural resources on a global scale and 

the decrease in biological diversity also support this idea. The rapidly decreasing natural vegetation, 

increasing intensive land uses cause the loss of landscape connectivity necessary for the continuation 

of wildlife and biodiversity and manifests itself as an element of pressure in landscape. Hence, 

restoring connectivity is important to maintain the system and to support biodiversity. Protected areas 

are areas where biological diversity is found in the widest sense. On the other hand, just conducting 

connectivity analysis is not enough to rebuild ecosystem functioning. An existing barrier (man-made 

or natural) between corridors will also disrupt the continuity of the system. 

In this study, potential landscape connectivity corridors between protected areas in the Rize 

landscape and possible barriers in these corridors were determined. In addition to its negative meaning 

as “obstacle”, the term barrier has taken its place in this analysis as the structure that increases the 

restoration opportunities at the point where it is removed and the ecological flow in the corridor 

connectivity will be optimised. In the landscape of Rize, it is noteworthy that there are barriers along 

the stream/river structures that connect the protected areas and functions as natural corridors. This is 

thought to be due to the increasing construction of HEPP structures in recent years and the changing 

land cover/land uses. Making the blockages at the barrier points re-permeable by taking effective 

measures such as ecological restoration will mean that the whole system working together will regain 
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its functionality. On the other hand, the system also tended to create different connections in order to 

keep itself in balance. The formation of a new corridor between Akyamaç Waterfall Nature Park, 

Honey Production Forest and Çayırdüzü 1st Degree Natural Site is an example. It is a fact that the 

strategies implemented regarding protected areas, whose protection is guaranteed by agreements 

made at both national and international levels, are not sufficient on a global scale. Actively, including 

the decisions with protection priority in the legal and administrative processes of the countries and 

measuring the success of the implementations with an effective control mechanism will bring positive 

results in terms of protected areas and biodiversity.  
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