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Abstract 

Systematic Conservation Planning for Conserving Biodiversity in Different 

Landscape Regions based on the Human Footprint 

Yongwon Mo 

Interdisciplinary Doctoral Program in Landscape Architecture, 

Graduate School, Seoul National University 

Supervised by Professor Dong-Kun Lee 

 

Many species have become extinct because of adverse human-induced 

environmental changes worldwide. Protected areas (PAs) are recognized as 

the most effective tool to protect biodiversity. Many countries are associated 

with the Convention on Biological Diversity (CBD) and set 20 targets. 

Among them, the 11th and 12th targets aim to secure PAs and save 

endangered species. However, in South Korea, the effectiveness of PAs is 

doubtful. Therefore, developing a systematic conservation plan (SCP) is 

necessary in South Korea.  

The SCP helps in the objective selection of PAs based on quantitative 

analysis, which involves collection of data to manage and determine 

conservation targets for PAs. After the data are prepared, a planning unit and 

conservation targets need to be established since they remarkably affect the 
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final portfolio. Establishing planning unit size and shape is necessary since it 

can affect the spatial separation of conservation features. The conservation 

target refers to how many species or ecosystems need to be protected, which 

can affect the flexibility of conservation effort. However, most studies 

identifying these impact factors are conducted on a large scale, or mainly in 

regions where natural landscape is dominant.  

Conservation activities might also be needed in areas with human impacts, 

considering future development activities and movement of species against 

climate change. Therefore, this study aimed to evaluate the effectiveness of 

terrestrial PAs in South Korea and compare the influence of planning unit 

characteristics and conservation target in forest, agriculture, and urban 

landscapes. Further, the characteristics of the most suitable planning unit and 

conservation target were determined. Land cover and vegetation communities 

were representatives of ecosystems, and amphibians, reptiles, and summer 

migratory birds were representatives of species.  

The effectiveness of PAs was confirmed according to representativeness and 

complementarity, and the influencing factors were compared using the 

similarity index after deriving the portfolios for each landscape. The different 

shapes and sizes of planning units (PUs), and conservation targets were 

applied in 12 and 24 scenarios for each landscape, respectively. The suitability 

of these factors was determined by evaluating the efficiency and effectiveness 

of the portfolio results. 
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The terrestrial PAs mainly covered forest ecosystems. Ecosystems such as 

grasslands, agriculture areas, and wetlands and species inhabiting these 

ecosystems were largely ignored. In addition, the presence of unprotected 

species was likely because the complementarity between the PAs was low.  

When the human footprint (HF) was reflected, the influence of the planning 

unit shape and size decreased in the urban landscape. Conversely, the impacts 

were the largest in the agriculture landscape. Considering effectiveness and 

efficiency, the grid of the smallest planning unit was found to be the most 

suitable. The influence of the conservation target was larger than that of HF 

regardless of landscape. The conservation target that had been determined 

according to the difference of conservation status (variable target) derived a 

more flexible portfolio than when a uniform target was used. However, there 

was a trade-off between efficiency and effectiveness, and each landscape had 

a different relationship. In the urban landscape, certain effectiveness was 

noted irrespective of the kind of conservation target. On the other hand, forest 

and agricultural areas showed more effectiveness when a variable target was 

applied. 

The findings of the study suggest that ecosystems other than forests should 

be considered when expanding PAs in the future. To establish PUs and 

conservation targets, identifying the parts of an ecosystem in a region is 

necessary. Therefore, when establishing regional conservation plans, setting 

the initial conditions by considering landscape characteristics, such as HF 
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would be essential. 

Keywords: Protected area, landscape characteristics, representativeness, 

complementarity, planning unit, conservation target, MARXAN 
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I.  Introduction  

Many species become extinct because of adverse human-induced 

environmental changes worldwide (Walther et al. 2002; Renton et al. 2013). 

Protected areas (PAs) have been recognized as the first option to conserve 

biodiversity by many countries. In this regard, many countries have reached 

an agreement with several targets to overcome the loss of biodiversity by 

2020 in the Convention on Biological Diversity (CBD) at Nagoya, Japan in 

2010. The eleventh target is to ensure that, by 2020, at least 17 % of terrestrial 

and inland water and 10 % of coastal and marine areas, especially areas of 

particular importance for biodiversity and ecosystem services, are conserved 

through effective and equitable management. Further, ecologically 

representative and well-connected systems of PAs and other effective area-

based conservation measures are integrated into the wider landscapes and 

seascapes. To meet the target, South Korea needs to expand the Pas to about 

7 % of  the terrestrial areas (Lee and Lee 2015). The twelfth target is to 

ensure that, by 2020, the extinction of known threatened species needs to be 

prevented and their conservation status, particularly of those most in decline, 

needs to be improved and sustained (United Nations Environmental 

Programme 2010). However, in South Korea, only one study has assessed the 

effectiveness of the PAs for the conservation of wild plants (Park et al. 2012).  
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Expansion of Pas requires prioritization by Systematic conservation 

planning (SCP), which has been used in many conservation researches 

(Lessmann et al. 2014; Naoe et al. 2015). SCP is a series of processes for 

establishing, managing, and assessing PAs for developing a sustainable PA 

network. SCP ultimately aims to contribute to the conservation of biodiversity 

by PA (Margules and Pressey 2000).  

Prioritization can be broadly divided into the following processes: (1) 

Collecting conservation features and cost data to prioritize in a region. That 

is, identifying conservation features such as species and ecosystems that 

represent biodiversity, and detecting threats and constraints (e.g., human-

modified areas, price of lands, and opportunity costs) to the conservation 

features or PAs. (2) Establishing conservation targets for each feature. (3) 

Dividing the region into smaller Planning units (PUs) and allocating data 

obtained from previous steps into these units. (4) Generating a portfolio that 

can achieve the conservation targets as much as possible and minimize the 

PU cost by using software such as MARXAN and Zonation (Moilanen 2007; 

Ardron et al. 2010).  

Conservation targets and PU characteristics such as shape and size 

affect priority scores. For example, the characteristics of PU can determine 

the amount of conservation features and costs that significantly affect their 

prioritization (Shriner et al. 2006b; Nhancale and Smith 2011). In other words, 
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different portfolios can be created depending on the targets and the shape and 

size of PUs even for SCP of one region (Bassett and Edwards 2003; Rouget 

et al. 2003; Grand et al. 2007; Levin et al. 2015; Cheok et al. 2016). 

Depending on the conservation target, the area needed to be selected can be 

changed (Levin et al. 2015). Therefore, understanding the impacts of these 

factors in regional SCP is important.  

Several SCP studies have investigated the impacts of the these factors 

(Nhancale and Smith 2011; Levin et al. 2015; Cheok et al. 2016). Some have 

even provided guidelines on how to set the shape and size of PUs (Larsen and 

Rahbek 2003; Shriner et al. 2006b; Nhancale and Smith 2011). Regarding 

size, applying smaller PUs without computational processing constraints can 

afford more efficient portfolios, whereas the use of larger units tends to 

include unnecessary areas for achieving conservation targets (Shriner et al. 

2006b; Justus et al. 2008).  

Regarding shape, although using irregular shapes such as tenure parcels 

and watersheds can be useful and relevant for practical implementation and 

management (Huber 2008), regular shapes such as square and hexagonal PUs  

are frequently used in SCP, owing to several distinctive advantages: PUs of 

arbitrary shapes and any size can be prepared (Warman et al. 2004; Arellano 

2007; Naoe et al. 2015; Cheok et al. 2016). Nhancale and Smith (2011) 
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compared the impact of square and hexagon PUs and revealed that hexagonal 

PUs provide more efficient and continuous portfolios. 

Conservation targets have been set varyingly by different studies 

(Warman et al. 2004; Moilanen 2007; Justus et al. 2008). However, because 

collecting accurate habitat data for species requires time and efforts, most 

studies are performed without sufficient information. Previous studies have 

set conservation targets that are consistent with all species (Mo et al. 2013; 

Levin et al. 2015), or vary depending on the conservation status and 

geographical distribution range (Carvalho et al. 2011; Fajardo et al. 2014). 

International Union for Conservation of Nature (IUCN) or national Red-lists 

and threat categories designated by a country were mainly used to set 

conservation targets. If the conservation targets increase, the number of PUs 

that must be selected would increase, lowering the flexibility of the derived 

portfolio (Levin et al. 2015).  

However, few studies have identified the effect of setting different 

conservation targets. Their results and guidelines about the target and PU 

characteristics cannot be generalized for application to other regions because 

the studies were conducted in large areas including various landscapes or 

areas with only one landscape characteristic, and mainly natural areas. 

Regions have different landscape characteristics; therefore, PUs need to be 
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established with caution. Thus far, no study has investigated the effects of the 

characteristics of PUs on portfolios in different landscapes.  

The landscape characteristics of a region are mainly determined by 

land-cover types such as urban, agriculture, and forest areas (McKinney 2002; 

Kukkala and Moilanen 2013). The degree of the direct and indirect effects of 

human interference varies depending on the dominant land cover type, which 

changes depending on the spatial composition of natural and artificial 

ecosystems (Naoe et al. 2015). For instance, although urbanization is one of 

the most serious issues affecting threatened species, important species, 

including endangered species, in urban green areas prefer open lands with a 

certain level of human interference (McKinney 2002). Therefore, the 

relationship between urban green areas and native ecosystems outside urban 

areas needs to be considered by conservation planners to establish spatial 

plans for conserving species. Agriculture is also a primary factor threatening 

the ecosystem because intensive cultivation and conversion of land to crop 

field can have disastrous effects (De la Montaña et al. 2011). On the other 

hand, it plays the role of an alternative habitat for many species by providing 

food resources (Seoane et al. 2006; Pearse et al. 2012). Thus, priorities should 

be identified in terms of local landscape contexts, and different conservation 

plans for each landscape need to be established (Gonzales et al. 2003; 

Wiersma and Nudds 2009; Jones et al. 2016). Furthermore, investigating the 
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impacts of the characteristics of PUs as an initial step of SCP is necessary in 

diverse landscapes. Further, the landscape characteristics need to be mainly 

considered for defining the impact of human activities on species or habitat, 

which is considered as cost in SCP and then assigned to PUs (Naidoo et al. 

2008; Adams et al. 2010). 

Roads and development areas with a small spatial extent of impact and 

population density expected to have a wide range of effect have been used as 

costs (Hervé et al. 2016). Several studies have also used human footprint (HF) 

and environmental risk surface as cost, which can be used to comprehensively 

assess human impacts (Loos 2011; Fajardo et al. 2014; Lessmann et al. 2014). 

When the landscape characteristics of a region are applied to the cost, the 

impacts of the PU can be reduced (Nhancale and Smith 2011). However, 

predicting results becomes difficult in areas with different landscape 

characteristics because only one region is considered. 

Therefore, this study aimed to investigate the effect of PU 

characteristics and conservation targets for generating priority portfolios in 

regions with different landscape characteristics. First, whether the terrestrial 

PAs in South Korea could protect various ecosystems and species was 

determined. Second, the effect of the influence factors on the regions with 

different landscape characteristics was assessed.  
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II.  Literature review 

1. Current status of the PAs in South Korea 

PAs have different definitions and goals for researchers and countries. 

However, considering their common features, IUCN defined the PAs as “A 

protected area is a clearly defined geographical space, recognized, dedicated 

and managed, through legal or other effective means, to achieve the long term 

conservation of nature with associated ecosystem services and cultural values.” 

Organizations such as Korea Legislation Research Institute (2005), Korea 

National Park Service (2006), and Ministry of Environment (2007) define in 

different ways. The PAs in South Korea are institutionally designated by 

various ministries such as the Ministry of Environment and Cultural Heritage 

Administration, which are managed by more than 10 related laws (Table 1).  
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Table 1. Terrestrial PAs in the South Korea m(UNEP-WCMC and Korea National Park Service 
2016)  

Authority Designation 
Number 
of sites 

Area(㎢) Definition 

Ministry of 
Environment 

National parks 

(국립공원) 

21 6,656.25 Areas that represent South 
Korea’s natural ecosystems, 
natural and cultural landscapes 

Provincial parks 

(도립공원) 

30 1,094.69 

County parks 

(군립공원) 

27 237.68 

Wildlife specially PAs 

(야생생물 특별 

보호구역) 

1 26.14 Areas where special 
conservation is necessary for 
protection and breeding of 
endangered wildlife 

Wildlife PAs 

(야생생물 보호구역) 

376 948.60 

Ecosystem and 
landscape 
conservation areas 

(생태경관보전지역) 

32 283.53 Areas that conserve special 
conservation of natural 
ecological and natural scenery 

Wetland PAs 

(습지보호지역) 

22 125.36 Areas that have special worth 
conserving while conserving 
the biodiversity of wetlands 

Cultural 
Heritage 

Administration 

Natural monuments 

(천연기념물) 

205 1,107.72 Animals (habitats), plants 
(native habitats), geology, 
minerals and other natural 
products whose scientific and / 
or scenic value are high and 
whose protection and 
conservation is designated by 
law  

Nature reserves 

(자연 보호지역) 

11 456.32 Protect and manage important 
wildlife habitats to provide 
resources for scientific 
research and recreation 

Korea Forest 
Service 

Baekdudaegan 
mountains reserves 

(백두대간 보호지역) 

1 2,750.77 Areas of Baekdudaegan that 
are considered to need special 
protection 

Forest genetic 
resources reserves 

(산림유전자 보호림) 

631 1,499.37 Areas designated and notified 
for the protection of living 
environment and scenery, 
prevention of disaster, 
protection and promotion of 
forest genetic resources in 
forests 
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Recently, PAs have been recognized as an essential strategy for 

sustaining the earth’s life support system. Accordingly, they constitute 

diverse governance beyond the country and incorporates various stakeholders 

into decision making. This is inevitable in the future to consider the global 

impacts such as climate change and biodiversity loss (Ervin 2011). South 

Korea has been developing PAs. They hosted the World Conservation 

Congress in Jeju in 2012 and the Conference of the Parties to the Convention 

on Biological Diversity (COP-12) in 2014, introduced the IUCN Green-list, 

and conducted gap analysis in South Korea with regard to SCP (UNEP-

WCMC and Korea National Park Service 2016). 

However, there are a few challenges related to the PAs in South Korea. 

First, expanding the PAs is necessary to meet ‘Aichi Target 11’. The final PA 

target is 16,952.4 km2, which is 17 % of the total terrestrial area of 22,720 

km2, and about 10.8 % PAs are located in South Korea. Further, 6,382.08 km2 

(6.4 % of the total area) should be selected as additional PAs. Furthermore, 

identifying whether the PAs cover the endangered species or distinct 

ecosystems is necessary. In the case of Gyeongju National Park, the 

endangered plants did not survive (Park et al. 2012). 

Second, since various ministries have designated different PAs, many 

redundant PAs are present. This has raised the need for integrated 
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management system and total amount management for PAs by various 

researchers (Cho and Lee 2010; Kil et al. 2014). 

Third, South Korea’s PAs are not enough considering the various 

ecosystems. Endangered mammals live in high and steep forests, but common 

species mainly live in lowland forests (Kim et al. 2014). Further, species of 

the same taxon live on various ecosystems, for example, otter (Jeon et al. 

2010).  

2. Systematic conservation planning 

The basic purpose of PA is that it should be spatially isolated from 

adverse factors that affect the survival of wildlife (Anon 1992). For this, SCP 

is widely used as the most useful paradigm to identify priority areas for 

conservation (Margules and Pressey 2000; Knight et al. 2006).  

The core concepts of SCP are as follows (Kukkala and Moilanen 2013):  

- Representativeness 

It refers to the goal required to represent the overall biodiversity at 

the site (Margules and Pressey 2000). It can be measured as the 

number of surrogates included at least once in the protected area 

network (Ferrier and Wintle 2009). 

- Complementarity 
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It is applied in all spatial prioritization algorithm (Game and 

Grantham 2008). Complementarity was coined by studies on 

species composition and abundance (Kirkpatrick 1983). In 

particular, beta and gamma diversity is recognized as a concept 

based on complementarity. In general, the use of species richness as 

a basis for conservation has a major advantage. 

- Efficiency 

The concept of efficiency originates from the fact that areas 

available for conservation are limited (Margules and Pressey 2000). 

An efficient conservation network can contribute to a more 

successful coordination of competition with diverse land covers 

(Possingham et al. 2006). Efficiency can also be called a unit of 

measure to support effectiveness because efficiency can improve 

the effectiveness of PA selection. 

- Effectiveness 

Effectiveness is a more integrated concept than efficiency. It is 

calculated by measuring the degree of difference between the 

conservation targets and the current PA network. Efficiency and 

effectiveness are often very closely related terms. Recently, 

management effectiveness has evolved from the concept of 



- 12  - 

 

effectiveness (Chape et al. 2005) and Knight et al. (2006) has shown 

that human, social, and economic capital are the key factors for 

assessing the effectiveness of implemented conservation activities. 

SCP includes several specific elements. First, the surrogates that can 

represent the entire biodiversity should be clearly targeted in the planning 

process. Second, quantitative and feasible goals should be set. Third, 

conservation targets that need to be evaluated in the current PAs should be 

identified. Fourth, conservation targets should be established by 

complementing the additional PAs to the current PAs in a simpler and more 

efficient manner. Fifth, certain criteria need to be set for implementing 

conservation strategies. In particular, when all PA candidates are not 

simultaneously protected, controlling the time of protection activities is 

necessary. Finally, maintenance activities and adaptation management need 

to be established. In SCP, these six stages are followed, modified, and linked 

to the final conservation decisions to be implemented and managed (Margules 

and Pressey 2000). 
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2.1. The influence of PU characteristics on SCP  

Choosing a PU in SCP is a necessary step. Previous studies have mainly 

used grid and hexagonal PUs (Fajardo et al. 2014; Wu et al. 2014; Naoe et al. 

2015), although it is not necessary to have a regular shape. Depending on the 

plan, not only the watershed unit but also administrative district unit and 

building parcel unit can be used (Nel et al. 2009; Nhancale and Smith 2011). 

Selecting the appropriate size and shape for the ecological characteristics of 

the study region is desirable. Generally, PUs that are larger than the data that 

represent conservation characteristics are smaller than PUs that are smaller 

than decision units (Game and Grantham 2008). 

Grid and hexagonal PUs have the advantage of not having any bias due 

to area or location because all PUs are consistent. In addition, since raster 

maps used in the conventional GIS analysis are lattice type, a lattice type is 

often used because it can be used immediately without modification of data 

values. In the case of hexagon, selecting the PA would be effective because 

it can have a lower ratio of boundary distance than the grid type when 

clustered (Game and Grantham 2008; Mo et al. 2013)  

2.2. Conservation target for SCP 

Conservation targets are an important input to conserving biodiversity in 

SCP (Margules and Pressey 2000). They represent the minimum requirements 



- 14  - 

 

that must be met quantitatively in the protected area network (Possingham et 

al. 2006). Various levels, such as species and ecosystem can be used to set 

conservation targets. However, conservation practitioners have not been able 

to establish conservation targets owing to the lack of accurate information on 

species. Therefore, they have set them based on policy targets such as the 

‘Aichi Target 11’. For example, targets are set by conserving 10% of the 

species distribution for all species (Brooks et al. 2008). While this policy-

based conservation target has been widely used, determining whether the 

conservation targets need to be conserved is difficult. Thus, attempts have 

been made to obtain more concrete information on species. The information 

is the current conservation status that is obtained from listings such as IUCN 

Red list and endangered grades, geographical distribution range, and 

reproduction method. Thus, conservation targets can be differentiated by 

species. However, studies on the influence of conservation targets are very 

few (Levin et al. 2015). 
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III. Materials and methods  

1. Study flow 

This study can be broadly divided into two sessions. The first session is 

about evaluating the effectiveness of the present PAs. The second session has 

two parts to assess the effect of PU characteristics and conservation targets in 

the regions with different landscape characteristics (Figure 1).  
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Figure 1. Study flow  
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2. Study sites and the datasets 

2.1. Selection study sites 

In the first session, ten terrestrial PAs in South Korea were assessed 

(Figure 2). The spatial information was derived from World Database on PAs 

(WDPA) of IUCN in 2017.  

 

Figure 2. Study site in the assessment of effectiveness of present PAs  
(WDPA, 2017)  
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The ten sites are Baekdudaegan Mountains Reserve, County Park, 

Ecosystem and Landscape Conservation Area, Forest Genetic Resources 

Reserve, National Park, Natural Monument, Provincial Park, Wetland 

Protected Area, and Wildlife Protection Area. In this study, County Park, 

National Park, and Provincial Park were summed to Nature Park because they 

have similar purpose at different scales. In the WDPA, the coverage of 

terrestrial PAs in South Korea is 11.23 % of total land area. 

In the second and third sessions, this study selected regions with urban, 

agriculture, and forest landscape characteristics from within the Geum River 

Basin, South Korea. The Geum River Basin is one of the four major river 

basins in South Korea. It is located in the middle of South Korea and expected 

to develop in the future owing to the relocation of the administrative capital 

to Sejong. The basin contains diverse ecosystems. There are many plain 

agricultural lands in the western area, and Baekdudaegan is present in the East.  

In particular, land cover types such as urban, agriculture, and forest 

were selected from the land cover map of the Geum River Basin, and the 

regional spatial autocorrelation indices were calculated according to each 

land cover; they are usually used to detect biodiversity hot spots and 

vulnerable areas (Cañadas et al. 2014). This study identified densely 

populated regions with watershed units that included many target land cover 
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types, i.e., hot spots. Each landscape region shows urban, agriculture area, 

and forest (Figure 3).  

 

 

Figure 3. Location and map of the study sites. Each study site has distinct landscape 
characteristic (a: Agriculture, b: Urban, c: Forest) (Ministry of Environment 2013a)  

 

2.2. The datasets 

In the first session, all presence points of amphibians, reptiles and 

summer migratory birds in South Korea were used. In contrast, in the second 

session, only species appearing at the three study sites were targeted. The 

target vegetation species comprised 112 plant communities with high degree 

of vegetation conservation, and the existence of plant communities was 
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represented as polygons in the actual vegetation map (Ministry of 

Environment 2013b) (Table 2).  

Table 2. The reference of vegetation conservation grade (Ministry of Environment 2013b) 

Degree Criteria 

Ⅰ (1) Climax forests or similar natural forests that reached the last stage of  

vegetation transition  

(a) Forest vegetation with an average age of 50 years or more (temper

ate · evergreen deciduous forest, deciduous broad-leaved forest) 

(b) Subalpine coniferous forest 

(c) deciduous broad-leaved forests near river and valley 

(2) Natural vegetation or specific vegetation formed in a special place  

other than forest vegetation 

(a) Coastal sand dunes, river wetlands, natural rock, etc. 

Ⅱ (3) Almost the recovery of forest vegetation so close to the back natural v

egetation by secondary transition after the natural vegetation is disturbe

d 

(a) There is a stable hierarchy of community and forest vegetation speci

es composition reflects the potential natural vegetation of the area 

(b) Temperate · evergreen deciduous forest and deciduous broad-leaved 

forest 

Ⅲ (4) Natural vegetation that was into the recovery phase by a second transit

ion after a disturbance, or forest vegetation under the perpetual human 

impacts  

(a) The hierarchy of communities is unstable, and most of the species c

omposition does not fully reflect the potential natural vegetation in the 

area 

(b) Although it is vegetation originating from plantation, it is restored to

 such a degree that it is difficult to distinguish it from natural forest 

(5) Secondary bushes or secondary grasslands formed in the forest 

 

Since information on the presence of animal species was given as points 

in the third National Environmental Survey (Ministry of Environment 2013c), 

11 amphibians, 13 reptiles, and 23 summer migratory birds with low mobility 

were targeted to ensure high reliability of their presence (Table 3).  
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Table 3. Target species occurred in the study sites of second session and their conservation 
status. (KC: Korean Conservation status, KRB: Korean Red-list Book, ES: Endemic 
Species, Fo: Forest, Ag: Agriculture, Ur: Urban)  

Taxon Common name Academic name KC KRB ES  Fo Ag Ur 

Bird Zitting cisticola Cisticola juncidis    O O  

Idian Cuckoo Cuculus micropterus    O   

Stejneger’s 
Stonechat 

Saxicola torquatus 
   O O  

Black-naped Oriole Oriolus chinensis 
   O O O 

Grey-backed 
Thrush 

Oriolus chinensis 
   O O O 

Common 
Kingfisher 

Alcedo atthis 
   O O O 

Oriental Cuckoo Cuculus saturatus    O   

Chinese 
Sparrowhawk 

Accipiter soloensis 
Ⅱ VU  O O O 

Common Cuckoo Cuculus canorus    O O O 

Eurasian Hobby Falco subbuteo Ⅱ VU  O O O 

Oriental Scops Otus sunia  LC   O  

Northern Boobook Ninox scutulata    O O  

Grey Nightjar Caprimulgus indicus     O  

Black-capped 
Kingfisher 

Halcyon pileata 
   O O  

Pacific Swift Apus pacificus      O 

Oriental Dollarbird Eurystomus 
orientalis 

   O O  

Amphibian Huanren Brown 
Frog 

Rana huanrenensis 
   O   

Long-tailed Clawed 
Salamander 

Onychodactylus 
fischeri  LC  O   

Korean Salamander Hynobius leechii 
 LC  O O O 

Asian Toad Bufo gargarizans  LC  O O O 

Fire-bellied Toad Bombina orientalis  LC  O  O 

Narrow-mouthed 
Toad 

Kaloula borealis 
Ⅱ VU   O  

Dybowski’s Brown 
Frog 

Rana dybowskii 
 LC  O O O 

Wrinkled Frog Rana rugosa  LC  O O O 

Black-spotted Pond 
Frog 

Rana nigromaculata 
 NT  O O O 

Japanese Tree Frog Hyla japonica  LC  O O O 
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Taxon Common name Academic name KC KRB ES  Fo Ag Ur 

Korean Brown Frog Rana coreana 
 LC O O O O 

American Bullfrog Rana catesbeiana    O O  

Reptile Korean Ratsnake Elaphe schrenckii Ⅱ EN  O   

Reeve’s Turtle Chinemys reevesii Ⅱ VU  O   

Cat Snake Elaphe dione  LC  O O O 

Red-banded Snake Dinodon 
rufozonatus 

 LC  O O  

Smooth Skink Scincella 
vandenburghi 

 LC  O O  

Water Snake Elaphe rufodorsata  LC  O O  

Korean Mamushi Gloydius 
brevicaudus 

 LC  O O O 

Ussuri Mamushi Gloydius ussuriensis  LC  O O O 

Amur Grass Lizard Takydromus 
amurensis 

 LC  O   

Red-sided Water 
Snake 

Rhabdophis tigrinus 
 LC  O O O 

Chinese Softshell 
Turtle 

Pelodiscus sinensis 
 VU   O  

Wolter Lizard Takydromus wolteri  LC  O O  

Korean Ratsnake 
(brown/yellow) 

Elaphe schrenckii 
anomala 

Ⅱ EN  O   

 

The average migration distance of amphibians and reptiles present at 

the study sites was approximately 200 m (Semlitsch and Bodie 2003; Lee et 

al. 2009), and birds limited their migration to a smaller area to successfully 

raise their young since it was their breeding season (Rodrigues et al. 2004). 

Summer migratory birds breed at the study sites; therefore, they are believed 

to be an important region for conservation of endangered birds. Vegetation 

conservation grades are designated by the national government based on 

comprehensive determination of naturalness and vegetation transition (Table 

2).  
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For human impact, which acts as a negative factor in conservation 

planning, population size on a 100 m grid map (Ministry of Land, 

Infrastructure and Transport, 2014), development zone in the land-cover map 

(Ministry of Environment 2013a) and road rank maps considering the 

influences of roads were used (National Transport Information Center, 2014). 

Population size was divided into two parts by the area ratio if a building is 

across two PUs (Ministry of Land, Infrastructure and Transport, 2014).  

 

3. MARXAN priority-setting tools 

MARXAN was used to create the priority portfolios. It is one of the 

most widely used software for establishing SCP, often used to determine near-

optimal portfolios (Game and Grantham 2008; Naoe et al. 2015). Moreover, 

since various PU shapes based on polygons are applicable, the software was 

applicable to the present study. The objective function, which represents the 

operating principle of the software, is shown in Equation (1):   

 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 = ∑ 𝐶𝑜𝑠𝑡

𝑃𝑈𝑠

 +  𝐵𝐿𝑀 ∑ 𝐵𝑜𝑢𝑛𝑑𝑎𝑟𝑦

𝑃𝑈𝑠

+ ∑ 𝑃𝑒𝑛𝑎𝑙𝑡𝑦  

𝑠𝑝𝑒𝑐𝑖𝑒𝑠

(1) 
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Here, Cost is the cost of each PU selected, Boundary is the boundary 

length between the selected PUs, and Penalty is levied when a conservation 

target for species is not achieved. The equation derives a portfolio that can 

achieve maximum conservation goal at minimal cost (Ardron et al. 2010). 

Boundary is used to obtain the best solution, and affects the fragmentation 

level of the portfolio (Game and Grantham 2008; Nhancale and Smith 2011). 

The value range of the boundary length can be adjusted by multiplying it with 

the boundary length modifier (BLM) such that the total sum of boundary 

lengths can be calculated at an equivalent level as cost or penalty.  

In the present study, cost was set to 1 or 0–1 based on uniform cost and 

HF, respectively. HF can help to identify more applicable portfolios since it 

reflects the socio-economic constraints at the study sites (Lessmann et al. 

2014; Wu et al. 2014).  

 

HF = max(𝑈𝑟𝑏𝑎𝑛 𝑟𝑎𝑡𝑖𝑜, 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛, 𝑅𝑜𝑎𝑑)             (2) 

 

HF is yielded as the maximum values among the three variables, i.e., 

urban area ratio, population, and road degree, in the PUs (Theobald 2010). 

The urban area ratio was calculated by aggregating several artificial land 

covers such as residence, commerce, industries, green houses, golf course, 
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and road as the development zone; then, the ratio of development zone areas 

was calculated for each PU. Population was calculated by human density in a 

PU. If the human density in a PU was greater than 509 people per km2 

(Statistics Korea, 2015), it was set to 1, and, 0 to 1, if it was less than 509. 

The physical effects of roads were calculated from 0 to 1 according to the 

road grades in each PU so that the direct effects of road development could 

be considered. PUs including highways were set at 1, those including 

secondary roads at 0.7, and those including local loads at 0.3 (Theobald et al. 

2012).  

The Penalty was set to 1 for all species; however, since the boundary 

length can vary depending on the PU shape and size, the boundary length 

values needed to be adjusted with BLM. The BLM value can be adjusted 

arbitrarily by the user, where larger BLM values lead to a solution with wider 

area that is more densely populated, and smaller values lead to smaller areas 

fragmented. In this study, several numbers between 0 and 100 were arbitrarily 

selected and applied for sensitivity assessment. Inflection points with the total 

cost and boundary length as the axes were plotted on a graph, and a point with 

small values for both the cost and boundary length was used for BLM value 

fragmentation (Game and Grantham 2008).  

For each analysis, 100 runs of MARXAN were performed and the 

parameter was set to 1,000,000 repeated measures per run to identify the best 
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solutions, which are derived as two products; best portfolios with the lowest 

total costs and selection frequencies calculated from the cumulative sum of 

the selected PUs from different solutions that underwent 100 runs. More 

detailed explanations about the procedures of preparing input files and 

examples of the input and output of MARXAN are described in Appendix II.  

 

4. Effectiveness of the present PAs 

4.1. Representativeness 

Representativeness is a concept of whether a PA can conserve the area 

that represents the species or ecosystem of the area. It is closely related to the 

fundamental purpose of the PA (Levin et al. 2015). In this study, the ratio of 

amphibians, reptiles, and summer migratory birds was calculated in the 

current PAs by using the 3rd National Environmental Survey data to check 

whether they contained various ecosystems and species. The ratio of 

vegetation communities in the PAs was also calculated using two factors, 

such as conservation grade and vegetation community. Whether they contain 

various ecosystems or not was determined by considering the ratio of 

protected land cover areas. In South Korea, many PAs are spatially 

overlapped. Duplication was avoided by generating only one polygon for all 

PAs.  
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4.2. Complementarity 

Complementarity is an indicator of how different PAs protect different 

species or ecosystems. For example, in Figure 4, if the additional PA needs 

to be selected, considering complementarity, No. 4 region, rather than 1 or 2 

areas that contain more species, needs to be chosen. This is because F and G 

species live only in No. 4 region. If No. 4 region cannot be conserved, F and 

G species are highly likely to become extinct.  

 

 

Figure 4. Example of complementarity to find an additional protected area. If 
complementarity is considered, 4 region has to be selected as the additional protected 

area (referred to (Moilanen et al. 2009)) 

In this study, binary data for the presence or absence of amphibians, 

reptiles, and summer migratory birds, as well as the similarity between PAs 

was evaluated using Jaccard’s coefficient. Based on similarity, they were 
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clustered according to the species conserved. Similarity was analyzed using 

proxy in R package (R Development Core Team 2011). If PAs in South Korea 

have high complementary, the Jaccard’s coefficient should be derived into 

various clusters. In addition, land cover ratio in the PAs was calculated． 

 

5. The influence of PU characteristics on SCP  

5.1. Scenario design and selection of PUs 

The effects of the shape and size of PUs were investigated on three 

different landscapes (urban, agriculture, and forest) that have different 

landscape characteristics and different levels of human interference. In the 

three study sites, two shapes (square or hexagon), three sizes (20, 80 or 320 

ha), and two costs (uniform or HF) were used to generate all possible 

combinations and these 12 different scenarios were applied for each study site. 

For the shape, squares or hexagons that can uniformly distinguish the study 

sites were used. The size was selected considering the average migration 

distance of amphibians and reptiles; the minimum size was set to 20 ha and 

others were increased incrementally by 4 times. 

 The three types of land covers showed different development densities. 

Accordingly, for the calculation of the level of development by humans, a 
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uniform cost of 1 was applied when landscape characteristics were not 

considered (Cheok et al. 2016), and HF cost was applied when they were 

considered. HF was derived using the maximum values for road rank, 

population size, and development zone proportion within the PU (Theobald 

et al. 2012; Vimal et al. 2012; Hervé et al. 2016). For population size, the 

fuzzy theory was applied to convert the value to 0–1 to match the range of 

numbers with other values. In the three study sites, variables that considered 

human impact appeared in the order of urban > agriculture > forest landscape 

(Appendix I.) 

For conservation target, the vegetation conservation goal was to 

conserve 100, 75, and 50 % for conservation grades 1, 2, and 3, respectively. 

Animal species were classified based on their conservation status and 

geographical region, and the goals were set accordingly. (Carvalho et al. 2010; 

Fajardo et al. 2014, Table 4) 
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Table 4. Conservation target criteria by conservation status 

Variable Conservation Status Target 

Degree of vegetation 
conservation 

Ⅰ 1 

Ⅱ 0.75 

Ⅲ 0.5 

Korean conservation status (KC) Threatened I 1 

Threatened II 0.75 

Korean red book status (KRB) Critically endangered (CR) 1 
Endangered (EN) 1 

Vulnerable (VU) 0.75 

Near threat (NT) 0.5 

Least concern (LC) 0.25 

Data deficient (DD), 
Not evaluated (NE) 

0 
0 

Geographic range (GR) Endemic 1 

Non-endemic 0 

 

5.2. Best portfolio and selection frequency comparisons 

The influence of the PUs could be determined by examining differences 

in the outputs by applying the different shapes and sizes. Because the best 

portfolios were derived bisectionally (1 if selected and 0 if not), their 

influence on PU characteristics can be determined from the spatial differences 

of the selected PUs. First, Jaccard’s coefficient was used to investigate the 

influence based on shape and was calculated as shown in Equation (3):   

    𝐽𝑎𝑐𝑐𝑎𝑟𝑑′𝑠 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑒𝑖𝑛𝑡 =
(A∩B)

𝐴∪𝐵
=

𝐴∩𝐵

𝐴+𝐵−(𝐴∩B)
              (3) 
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When the ratio of the intersection of PUs selected from two different 

portfolios over their union was high, the two portfolios share a high degree of 

similarity (Warman et al. 2004; Shriner et al. 2006a; Kharouba and Kerr 2010; 

Nhancale and Smith 2011) (Figure 5(a)). Second, with respect to the influence 

based on the size of PUs, the nestedness was calculated and measured, which 

refers to the amount of PUs selected from small-sized PUs nested within the 

PUs selected from large-sized PUs (Pressey et al. 1999; Larsen and Rahbek 

2003; Rouget et al. 2003; Cheok et al. 2016). 

Nestedness =
(SinL)

Sall
              (4) 

Here, Sall represents the number of all PUs selected from the small-sized 

planning unit scenario, and SinL represents the number of PUs selected from 

the small-sized PU scenario that overlaps with the PUs selected from the 

large-sized PU scenario (Figure 5(b)).  
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Figure 5. The methods to identify the effect of planning unit shape and size 

Assessments on the influence of shape and size by using selection 

frequency were performed in the same manner as correlation analysis. 

Notably, selection frequency outputs characteristically show very high 

autocorrelation. The major reason for this was because the objective of 

minimizing the boundary length between PUs was included in the objective 

function in MARXAN (Warman et al. 2004; Nhancale and Smith 2011). 

Accordingly, the present study generated up to 500 random points in the 

selection frequency output for each scenario and created point clusters with 

distance between the points ranging from 300 m to 1,500 m. Because study 

sites are spatially restricted, the number of random points that can be 

generated decreases with increasing distance between points. Subsequently, 
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the cumulative selection frequency was extracted corresponding to the point 

and used to calculate the Global Moran’s I index by using Geoda1.12 

(Anselin et al. 2006), based on which point clusters between points with the 

lowest spatial autocorrelation for each scenario were selected(Table 5). Lastly, 

the correlation coefficients derived from Spearman’s rank correlation analysis 

between point clusters in the portfolio derived was used to apply different PU 

sizes to assess the degree of similarity between two scenarios (Figure 5(c), 

(d)). If the correlation coefficient was low, the size of the planning unit could 

be considered to have a large influence on the construction of the scenarios. 

The correlation analysis used the cor function in R package (R Development 

Core Team 2011). The results from comparing the influences of planning 

shape and size by using the best portfolios and selection frequencies were 

illustrated using ggplot2 and corrplot in R package (R Development Core 

Team 2011) 

Table 5. Global Moran’s I of selection frequency maps in the all scenarios  

Landscape Cost Distance(m) 

Hexagon Square 

20ha 80ha 320ha 20ha 80ha 320ha 

Forest Uniform 
1300 0.094 0.276 0.468 0.039 0.221 0.419 

HF 1400 0.295 0.100 0.215 0.264 0.151 0.066 

Agriculture Uniform 
1300 0.227 0.092 0.237 0.250 0.180 0.067 

HF 1100 0.158 0.093 0.179 0.167 0.027 0.203 

Urban Uniform  
1300 0.227 0.092 0.237 0.250 0.180 0.067 

HF 1100 0.158 0.093 0.179 0.167 0.027 0.203 
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5.3. Efficiency and effectiveness comparisons to find suitable planning 

unit characteristics 

The present study assessed the shapes and sizes that were the most 

capable of achieving the objectives of efficiency and effectiveness, based on 

which the optimal shape and size of the PUs were derived. In SCP, efficiency 

and effectiveness are frequently used (Wiersma and Nudds 2009) and are 

highly associated with each other, as well as representing the fundamental 

and important objectives that need to be achieved (Kukkala and Moilanen 

2013). Effectiveness is associated with the ultimate objective of conservation 

planning, which is to achieve maximum conservation (Gaston et al. 2006). 

Meanwhile, efficiency usually refers to assessing the practicability of 

portfolios. The first objective of efficiency is to determine the most efficient 

solution under situations where constraints are placed or budgets are defined 

for conservation (Margules and Pressey 2000). Therefore, selecting areas that 

are too big in size or too costly is important when selecting the conservation 

area. The objective function (Equation (1)) in MARXAN is designed to select 

the solution that can protect species that need maximum conservation at 

minimal cost, and thus, efficiency can be considered (Game and Grantham 

2008). In the present study, efficiency was considered to be good when the 

number of selected PUs relative to the total PUs (total area selected) was small 

in the best scenario (Figure 6(a)).  
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The second objective of effectiveness is to include as many 

conservation goals into the portfolio as possible. Therefore, calculating 

effectiveness by identifying elements that could not be achieved among all 

conservation goals is possible. Although this method was based on the 

narrowly defined effectiveness (Kukkala and Moilanen 2013), it is the most 

essential element in conservation planning. This study assessed the amount 

of conservation goals that were achieved in each study site and considered 

effectiveness to be higher when the missing value, representing unachieved 

conservations goals for vegetation, summer migratory birds, amphibians and 

reptiles, was lower (Figure 6(b)).  

 

 

Figure 6. The method for calculating the (a) efficiency and (b) effectiveness  
to find suitable planning unit shape and size  
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6. Conservation target for SCP 

6.1. Scenario design for conservation targets 

Conservation target is an essential element in SCP. If there was no 

target, no species needs to be conserved; then, SCP would not be needed 

(Game and Grantham 2008). This study identified the effects of conservation 

targets on three different landscapes (urban, agriculture, and forest) like in 

previous analysis. At the three study sites, two types of conservation targets 

were established (Levin et al. 2015). First, uniform targets were applied to all 

conservation features, ranging from 10 to 100 % and increased by 10 %. 

Second, variable targets were applied to all conservation features, based on 

the matrix between National Red-list for animals and conservation grade for 

vegetation, and quartiles of presence points by each taxon (Table 6). Ten 

different ranges were used for the targets, ranging from a minimum of 0.9 - 

10 % (at steps of 1.3%) to a maximum of 9 – 100 % (at steps of 13 %); (Table 

7). In all, forty scenarios were run.  

Cost of PU such as uniform and HF was applied in the same way as in 

the previous analysis, and PU characteristic was set to square and 20ha based 

on the result of the previous analysis.  
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Table 6. Species information of amphibians to set the variable targets. For reptile, summer 
migratory birds, vegetation, it was applied in the same way 

Red-list Korean name Scientific name 
Total 

presence 
Quartiles 

LC 계곡산개구리 Rana huanrenensis 930 2 

EN 고리도롱뇽 Hynobius yangi 3 1 

VU 금개구리 Rana plancyi chosenica 31 1 

LC 꼬리치레도롱뇽 Onychodactylus fischeri 240 2 

LC 도롱뇽 Hynobius leechii 3401 4 

LC 두꺼비 Bufo gargarizans 1233 3 

VU 맹꽁이 Kaloula borealis 64 2 

LC 무당개구리 Bombina orientalis 3301 4 

LC 물두꺼비 Bufo stejnegeri 233 2 

LC 북방산개구리 Rana dybowskii 3709 4 

EN 수원청개구리 Hyla suweonensis 1 1 

- 아무르산개구리 Rana amuriensis coreana 6 1 

LC 옴개구리 Rana rugosa 1683 3 

VU 이끼도롱뇽 Karsenia koreana 13 1 

NT 제주도롱뇽 Hynobius quelpaertensis 74 2 

NT 참개구리 Rana nigromaculata 6312 4 

LC 청개구리 Hyla japonica 4976 4 

LC 한국산개구리 Rana coreana 1562 3 

 

Table 7. The range of variable targets that were set in one of the ten scenarios, ranging 
between 0.9% and 10%. First quartile means the species in which the number of 
presence points is within the lower 25% in the taxon. 

 

Conservation 
Degree 

Red-list 1/4 (%) 2/4 (%) 3/4 (%) 4/4 (%) 

I EN 10 8.7 7.4 6.1 

II VU 8.7 7.4 6.1 4.8 

III NT 7.4 6.1 4.8 3.5 

IV LC 6.1 4.8 3.5 2.2 

V NO 4.8 3.5 2.2 0.9 
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6.2. Flexibility comparison by using selection frequency  

The effect of conservation targets was determined by confirming the 

flexibility of the portfolio by using selection frequency. How the number of 

PU selected would change along with the changes in conservation targets, 

was determined to elucidate the suitable conservation targets for the study site. 

In all, 100 portfolios were derived for each scenario, and the ratios of the 

number of PUs selected more than 90 times (Figure 7(a)) and the number of 

PUs that were never selected (Figure 7(b)) were calculated to confirm the 

difference between the portfolios. If the two indicators have high values, the 

flexibility of the portfolio is reduced.  

In this study, how the increase and decrease of these two indicators 

differ for each landscape was determined, depending on the degree of HF.  

 

 

Figure 7. Method for identifying flexibility of portfolios 
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6.3. Efficiency and effectiveness comparison to determine the suitable 

method to set the conservation target 

In this study, efficiency and effectiveness were assessed for each scenario 

to determine how appropriate conservation targets could be set. Efficiencies 

between scenarios were compared by calculating Perimeter / Area ratio (P/A 

ratio). The P/A ratio is a patch area to the boundary length and reflects the 

patch shape. This index has been used to assess the habitat structure and patch 

shape in landscape ecology (Helzer and Jelinski 1999). The patch with a 

higher P/A ratio could be affected more by the edge effect, and then securing 

the core area could be difficult (Wiens et al. 1993). Therefore, in SCP, a 

portfolio with a lower P/A ratio is more efficient. 

Effectiveness was identified by calculating the missing value that reveals 

how many conservation targets were covered, as in the previous analysis 

(Figure 6(b)). 
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IV. Results 

1. Effectiveness of the present PAs in South Korea 

1.1. Representativeness 

This study evaluated how diverse ecosystems and species are included 

in the PAs. First, when the ratio of land cover in the PAs were identified, 

forest covered the largest area. Although the other land covers accounted for 

less area in South Korea, they were not considerably protected. In detail, 

forest was the highest at 11.5 %, freshwater at 7.1 %, grass at 5.2 %, and 

wetland at 3.6 % (Table 8).  

 

Table 8. Representativeness of ecosystem based on land-cover (Ministry of Environment 
2013a) 

 

Land-cover Total area (㎢)   In PAs (㎢)    Ratio (%) 

Urban 9902.8 205.8 2.1% 

Agriculture 24826.0 301.4 1.2% 

Forest 61961.9 7107.6 11.5% 

Grass 534.3 27.7 5.2% 

Wetland 707.4 25.7 3.6% 

Freshwater 2391.9 169.1 7.1% 

Coast & Sea 310668.6 3971.5 1.3% 

Total 410992.9 11808.8 2.98% 
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In addition, urban and agriculture lands covered a very small area in the 

PAs. Since both species and ecosystems are closely related to human beings, 

considering these land cover in the perspective of conserving biodiversity is 

necessary. For example, rice fields are one of the food source of water birds 

and are used by amphibians as their habitat (Semlitsch and Bodie 2003; Mo 

et al. 2016). Therefore, increasing interest in the ecosystem other than forest 

is necessary when the representativeness of the PAs was considered by using 

land cover in South Korea.  

Vegetation was identified by two ways, such as conservation grade and 

the ratio of vegetation covered within the PAs. First, higher the conservation 

grade, higher the percentage of protected vegetation communities in the PAs. 

However, areas classified as first grade need to be protected as per the criteria, 

but an area of about 1,000 km2 (about 50%) still remained unprotected (Table 

9).  

Table 9. Representativeness of vegetation community based on conservation degree of 
vegetation (Ministry of Environment 2013b)  

Conservation  
degree 

Total area (㎢)    In PAs (㎢)     Ratio (%) 

I 2182.9 1041.5 47.7% 

II 10614.9 2771.5 26.1% 

III 30451.1 2397.0 7.9% 

IV 946.1 41.8 4.4% 

V 88.5 1.8 2.1% 

Total 44283.5 6253.6 14.12% 
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Secondly, when the ratio of area covered within the PAs by each 

vegetation communities was calculated, 82 vegetation community (15 % of 

the total vegetation communities) were founded to be conserved by the PAs, 

and 164 of the vegetation communities (30 %) were conserved from 5 % to 

99.9 %. About 256 of vegetation communities (47 %) were not covered within 

the PAs (Figure 8).  

 

 

Figure 8. Histogram about conserved ratio of vegetation communities by the PAs  
(Ministry of Environment 2013b)  
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Only some of the protected communities were thus protected. 

Vegetation communities that need conservation need to be identified for 

establishing the PAs, because different types of vegetation communities can 

be used as habitat by various animals. In particular, secondary grassland 

belong to a group of vegetation communities that have not yet been conserved. 

Thus, as in previous studies performed using land cover, consideration of 

ecosystems other than forest is necessary.   

When the ratio of conserved amphibians and reptiles was identified, 

most species were listed in the National Red-list of South Korea. Nevertheless, 

only about 50 % of the 21 species were protected with more than 5 % of the 

total species presence. About 8 species (about 20%) were not included in any 

PAs. These included the most endangered species, such as Reeves’ turtle 

(Mauremys reevesii), Black-headed snake (Sibynophis chinensis), and Suweon-tree frog 

(Hyla suweonensis) were incorporated.  

The amphibians and reptiles inhabit agriculture lands and residential 

areas. In particular, amphibians inhabit stream and adjacent rice fields. 

Therefore, conserving amphibians requires the areas affected by human 

activities, such as agriculture land and stream, to be managed as a part of the 

PA. 
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Reptiles live in low mountainous areas or around residential areas. 

Accordingly, it is needed to pay attention to not only natural areas but also 

areas where human settlements and natural areas coexist such as residential 

areas (Table 10).  

Table 10. Representativeness of amphibians and reptiles in South Korea. Yellow shade 
means endangered species II grades (Ministry of Environment 2013c)  

Red-list Korean name Scientific name 
Total 

presence (A) 
In PAs  

(B) 
B/A*100 

(%) 

EN 고리도롱뇽 Hynobius yangi 3 0 0.0 

VU 남생이 Chinemys reevesii 21 0 0.0 

LC 북도마뱀 Scincella huanrenensis 14 0 0.0 

EN 비바리뱀 Sibynophis chinensis 2 0 0.0 

EN 수원청개구리 Hyla suweonensis 1 0 0.0 

 아무르산개구리 Rana amuriensis coreana 6 0 0.0 

DD 장지뱀 Takydromus auroralis 31 0 0.0 

 황구렁이 Elaphe schrenckii anomala 4 0 0.0 

VU 맹꽁이 Kaloula borealis 64 1 1.6 

VU 자라 Pelodiscus sinensis 59 1 1.7 

LC 한국산개구리 Rana coreana 1562 33 2.1 

LC 무자치 Elaphe rufodorsata 578 16 2.8 

 미끈도마뱀 Scincella vandenburghi 63 2 3.2 

VU 금개구리 Rana plancyi chosenica 31 1 3.2 

LC 옴개구리 Rana rugosa 1683 62 3.7 

NT 참개구리 Rana nigromaculata 6312 278 4.4 

LC 무당개구리 Bombina orientalis 3301 158 4.8 

LC 능구렁이 Dinodon rufozonatus 520 25 4.8 

LC 유혈목이 Rhabdophis tigrinus 2460 119 4.8 

LC 북방산개구리 Rana dybowskii 3709 180 4.9 

LC 청개구리 Hyla japonica 4976 257 5.2 

LC 두꺼비 Bufo gargarizans 1233 65 5.3 
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Red-list Korean name Scientific name 
Total 

presence (A) 
In PAs  

(B) 
B/A*100 

(%) 

LC 누룩뱀 Elaphe dione 1277 69 5.4 

NT 제주도롱뇽 Hynobius quelpaertensis 74 4 5.4 

LC 도롱뇽 Hynobius leechii 3401 184 5.4 

LC 꼬리치레도롱뇽 Onychodactylus fischeri 240 13 5.4 

교란종 황소개구리 Rana catesbeiana 2527 145 5.7 

LC 쇠살모사 Gloydius ussuriensis 1442 83 5.8 

LC 물두꺼비 Bufo stejnegeri 233 14 6.0 

LC 살모사 Gloydius brevicaudus 704 43 6.1 

LC 계곡산개구리 Rana huanrenensis 930 66 7.1 

EN 구렁이 Elaphe schrenckii 68 5 7.4 

LC 줄장지뱀 Takydromus wolteri 797 61 7.7 

VU 이끼도롱뇽 Karsenia koreana 13 1 7.7 

교란종 붉은귀거북 Trachemys scripta elegans 119 10 8.4 

LC 아무르장지뱀 Takydromus amurensis 768 65 8.5 

LC 실뱀 Coluber spinalis 43 4 9.3 

LC 대륙유혈목이 
Amphiesma vibakari 
ruthveni 

159 15 9.4 

EN 표범장지뱀 Eremias argus 21 2 9.5 

LC 까치살모사 Gloydius saxatilis 94 10 10.6 

LC 도마뱀 Scincella vandenburghi 308 48 15.6 

 

In case of summer migratory birds, 41 of 63 species were conserved 

more than 5 %. These conserved ratios could be higher than those for 

vegetation communities, amphibian, and reptiles. Black-faced spoonbill 

(Platalea minor), which is listed in National red-list as a vulnerable species 

and the first grade endangered species, and Chinese egret (Egretta 

eulophotes), which is also listed in National red-list as endangered species 
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and the first endangered grade were protected more than 10 % of their total 

presence. Black paradise flycatcher (Terpsiphone atrocaudata), Pleske’s 

grasshopper warbler (Locustella pleskei), Von Schrenck’s bittern (Ixobrychus 

eurhythmus), and Fairy pitta (Pitta nympha), which are listed in the second 

endangered grades, were conserved more than 5%. However, Oriental great 

reed warbler (Acrocephalus arundinaceus), Red-rumped swallow (Cecropis 

daurica), Yellow bittern (Ixobrychus sinensis), Watercock (Gallicrex cinerea), 

Common moorhen (Gallinula chloropus), Little tern (Sterna albifrons), Pied 

harrier (Circus melanoleucos), Cattle egret (Bubulcus ibis) were not 

conserved, even though Watercock, Little tern, and Pied harrier are listed in 

National red-list (Table 11). These birds inhabit streams, agricultural lands, 

and residential areas (Lee et al. 2000). Therefore, conserving these birds 

requires that they should be included in the PAs.   
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Table 11. Representativeness of summer migratory birds in South Korea. Red and yellow 
shades mean endangered species I and II grades, respectively (Ministry of 
Environment 2013c) 

Red-list Korean name Scientific name 
Total presence 

(A) 
In PAs 

(B) 
B/A*100 

(%) 

 개개비 Acrocephalus orientalis 57 0 0.00 

 개개비사촌 Cisticola juncidis 257 38 14.79 

 검은댕기해오라기 Butorides striata 48 5 10.42 

 검은등뻐꾸기 Cuculus micropterus 1074 86 8.01 

 검은딱새 Saxicola torquatus 654 27 4.13 

 귀제비 Cecropis daurica 6 0 0.00 

VU 긴꼬리딱새 Terpsiphone atrocaudata 48 4 8.33 

 깝작도요 Actitis hypoleucos 24 1 4.17 

 꼬마물떼새 Charadrius dubius 34 1 2.94 

 꾀꼬리 Oriolus chinensis 3261 123 3.77 

LC 노랑때까치 Lanius cristatus 86 8 9.30 

EN 노랑부리백로 Egretta eulophotes 143 20 13.99 

 노랑할미새 Motacilla cinerea 194 21 10.82 

 덤불해오라기 Ixobrychus sinensis 2 0 0.00 

 되지빠귀 Turdus hortulorum 719 56 7.79 

 두견이 Cuculus poliocephalus 389 25 6.43 

VU 뜸부기 Gallicrex cinerea 16 0 0.00 

 매사촌 Hierococcyx hyperythrus 133 24 18.05 

 물레새 Dendronanthus indicus 18 2 11.11 

 물총새 Alcedo atthis 1238 78 6.30 

 바위종다리 Prunella collaris 3 1 33.33 

 백할미새 Motacilla alba ocularis 18 3 16.67 

 벙어리뻐꾸기 Cuculus saturatus 635 55 8.66 

 북방쇠찌르레기 Sturnus sturninus 13 1 7.69 

VU 붉은배새매 Accipiter soloensis 1029 36 3.50 

 뻐꾸기 Cuculus canorus 2680 114 4.25 

 산솔새 Phylloscopus coronatus 114 17 14.91 

VU 새호리기 Falco subbuteo 545 19 3.49 

VU 섬개개비 Locustella pleskei 24 7 29.17 

LC 소쩍새 Cettia diphone cantans 491 27 5.50 
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Red-list Korean name Scientific name 
Total presence 

(A) 
In PAs 

(B) 
B/A*100 

(%) 

 솔부엉이 Otus sunia 112 3 2.68 

LC 쇠뜸부기사촌 Ninox scutulata 8 1 12.50 

 쇠물닭 Porzana fusca 20 0 0.00 

 쇠백로 Gallinula chloropus 112 8 7.14 

 쇠유리새 Egretta garzetta 27 7 25.93 

LC 쇠제비갈매기 Luscinia cyane 8 0 0.00 

 숲새 Sterna albifrons 52 9 17.31 

 쏙독새 Urosphena squameiceps 148 11 7.43 

LC 알락개구리매 Caprimulgus indicus 8 0 0.00 

  Circus melanoleucus    

 알락할미새 Motacilla alba 100 12 12.00 

 왜가리 Ardea cinerea 193 16 8.29 

VU 저어새 Platalea minor 82 12 14.63 

 제비 Hirundo rustica 109 3 2.75 

 중대백로 Egretta alba modesta 183 7 3.83 

 중백로 Egretta intermedia 22 1 4.55 

 찌르레기 Sturnus cineraceus 117 9 7.69 

 청호반새 Halcyon pileata 490 30 6.12 

 칡때까치 Lanius tigrinus 7 3 42.86 

 칼새 Apus pacificus 123 26 21.14 

VU 큰덤불해오라기 Ixobrychus eurhythmus 7 1 14.2 

 큰유리새 Cyanoptila cyanomelana 45 10 22.22 

 파랑새 Eurystomus orientalis 1914 65 3.40 

VU 팔색조 Pitta nympha 29 6 20.69 

 할미새사촌 Nycticorax nycticorax 25 3 12.00 

 해오라기 Zoothera aurea 28 1 3.57 

 호랑지빠귀 Halcyon coromanda 25 7 28.00 

 호반새 Bubulcus ibis 62 5 8.06 

 황로 Upupa epops 39 0 0.00 

LC 흰눈썹황금새 Ficedula zanthopygia 178 14 7.87 

 흰배멧새 Emberiza tristrami 9 5 55.56 

 흰배지빠귀 Turdus pallidus 140 19 13.57 

 힝둥새 Anthus hodgsoni 19 4 21.05 
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1.2. Complementarity 

Complementarity refers to the conditions of the PAs where different 

regions must protect different species and ecosystems (Kirkpatrick 1983). 

The ratio of land cover in the PAs was calculated, and most of the PAs were 

found to be dominated by forests except Wetland Protected Area. 

Baekdudaegan Mountains Reserve and Forest Genetic Resources Reserve can 

be considered for specifying forests as PAs. On the other hand, forests 

accounted for about 94 % of Natural Parks that do not specify forests alone, 

and 57.65 % forests covered Ecosystem and Landscape Conservation Area. 

Wetland Protected Area just had a distinct characteristic with the other PAs, 

including 27.4 % wetland and 61.44% water (Table 12).  

Among forests, broadleaf forest accounted for the largest proportion of 

the PAs (Figure 9). The terrestrial PAs in South Korea can be considered to 

have low complementarities because they just focused on forest ecosystems. 

Further, the ratio of residence, agriculture area, and grassland, which seemed 

to need consideration in representativeness evaluation, was low as well. 
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Table 12. Land-cover ratios in PAs (unit: %). Yellow shades show over 5 % in PAs (BMR: 
Baekdudaegan Mountains Reserve, ELC: Ecosystem and Landscape Conservation 
Area, FGR: Forest Genetic Resources Reserve, NM: Natural Monument, NP: Nature 
Park, NR: Nature Reserve, WP: Wetland Protected Area, WPA: Wildlife Protection 
Area) (Ministry of Environment 2013a) 

Land-cover BMR ELC FGR NM NP NR WP WPA 

Urban Residence 0.00 0.16 0.01 0.06 0.23 0.00 0.12 0.34 

Industry 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.01 

Commerce 0.00 0.01 0.00 0.01 0.10 0.00 0.01 0.02 

Cultural, 
recreation 

0.00 0.00 0.01 0.01 0.04 0.00 0.00 0.04 

Road 0.09 0.17 0.08 0.22 0.24 0.00 0.17 0.25 

Public facilities 0.02 0.06 0.03 0.13 0.10 0.00 0.02 0.16 

Agriculture Rice field 0.03 0.42 0.06 0.24 0.69 0.00 1.37 1.82 

Farm land 0.23 1.44 0.28 0.40 1.66 0.00 0.69 1.59 

Plastic house 
field 

0.00 0.11 0.00 0.01 0.01 0.00 0.12 0.05 

Orchard 0.02 0.01 0.02 0.05 0.15 0.00 0.01 0.10 

Other 
cultivation 

0.11 0.01 0.00 0.02 0.04 0.00 0.06 0.02 

Forest Broadleaf 
forest 

57.36 26.08 59.29 21.86 48.30 0.39 1.62 48.69 

Coniferous 
forest 

17.23 17.31 20.66 10.69 22.63 0.21 1.26 15.03 

Mixed forest 23.97 17.26 18.98 15.45 23.91 0.31 0.32 18.82 

Grass Grassland 0.10 0.07 0.10 0.98 0.20 0.02 0.54 0.22 

Golf course 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 

Other grass 0.53 0.25 0.14 0.58 0.72 0.01 0.00 0.50 

Wetland Inland wetland 0.01 1.03 0.02 0.57 0.09 0.00 2.92 0.87 

Coast wetland 0.00 2.69 0.00 9.11 0.00 0.00 27.74 0.02 

Bare land Natural  
bare land 

0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.04 

Other bare 0.20 2.90 0.16 1.16 0.33 0.00 1.34 0.79 

Water Freshwater 0.05 2.67 0.08 4.35 0.48 0.01 11.63 8.31 

Marine 0.00 27.36 0.06 34.10 0.01 0.05 49.81 2.32 
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Figure 9. Land-cover ratio in PAs (Ministry of Environment 2013a)  

 

Similar trends were observed in complementarity assessed through 

differences in species composition in the PAs. That is, species composition 

of amphibians, reptiles, and summer migratory birds was similar in the PAs. 

The mean Jaccard’s coefficient was 0.48 (Figure 10), indicating that about 

half of the conserved species in different PAs were similar.   

The similarities of reptiles and summer migratory birds were low only 

in the Wetland PAs. The Nature Parks showed the highest similarity for 
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summer migratory birds. However, for amphibians, all the PAs showed high 

similarity for the species. Higher similarities between the PAs can result in 

unprotected species, rendering it difficult for achieving the goal using PAs for 

protecting as many species as possible in a nation (Figure 10).  

 

 

Figure 10. Jaccard’s coefficient on amphibian, reptile and summer migratory birds in PAs  

 

When the clusters were generated using amphibians, reptile, and 

summer migratory birds by using Jaccard’s coefficient, the Wetland PAs 

tended to be classified into different clusters with the other clusters including 
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the remaining PAs (Figure 11  ̧Figure 12, and Figure 13). In particular, cluster 

differentiation was the most apparent in the analysis of reptiles (Figure 11). 

In the case of summer migratory birds, Wetland Protected Area and Nature 

Park were separated into different clusters (Figure 12). For amphibians, the 

Natural Monument, Nature Reserve, and Wetland Protected Area were 

grouped together (Figure 13). Although the clusters were derived differently 

for each species, more than half of the PAs were associated with one cluster, 

reinforcing that complementarity was low. 

 

 

 

Figure 11. Clustering based on Jaccard’s coefficient on reptile presence in PAs  
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Figure 12. Clustering based on Jaccard’s coefficient on summer migratory bird presence 
in PAs  

 

 

 

 

Figure 13. Clustering based on Jaccard’s coefficient on amphibian presence in PAs 
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2. MARXAN priority-setting tools 

2.1. Boundary: Optimal BLM as per the relationship between total 

cost and total boundary length of selected PUs.  

The optimal BLM was derived using the relationship between the total 

boundary length and total cost of the selected PUs. Here, the inflection point, 

at which the change of those two variables was reduced, can be regarded as 

the optimal BLM. For instance, in Figure 14, when BLM was 0.001, the total 

boundary length and the total cost were small. Accordingly, in this inflection 

point, the most efficient portfolio in terms of cost and boundary length can be 

found (Game and Grantham 2008).  

 

Figure 14. Finding the optimal BLM based on the total cost and the total boundary length 
of selected PUs. This figure was from the scenario with 80ha square and HF cost in the 

urban landscape 
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When the value of cost was set uniformly to 1, the inflection points in 

all three study sites appeared to have a BLM value of 0.001. When HF was 

considered, the value appeared at 0.0001 for forest and agriculture and 0.001 

for urban landscapes (Table 13). The optimal BLM value in urban landscape 

is believed to be higher than that for the other two landscapes since urban 

landscape had more PUs with higher HF values. 

Table 13. Boundary Length Modifier (BLM) applied in different costs by the three study sites  

Landscape Uniform Cost HF Cost 

Forest 0.001 0.0001 

Agriculture 0.001 0.0001 

Urban 0.001 0.001 

 

2.2. Cost and penalty: Different spatial patterns of conservation 

feature and HF in different landscape regions 

The spatial distribution characteristics of conservation features and HF 

appeared distinctly according to the dominant land cover types. Urban 

landscape featured densely developed roads with very high HF. In contrast, 

the outer peripheral areas showed vegetation of conservation grade 2 or 3, 

accounting for 26.6 % of the total area, with the presence of various species. 

Most of the agriculture landscape was developed as farmland; thus, only 

green areas of conservation grade 3 were found, accounting for 13.6% of the 
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total area. The species were evenly distributed, regardless of HF distribution. 

In particular, amphibians and reptiles in agriculture landscape showed 

relatively even spatial distribution compared to that in other landscapes. Birds 

were present in areas near their breeding grounds. In the forest landscape, 

roads appeared to have the greatest impact on HF. In areas excluding roads, 

vegetation areas with conservation grade 2 or 3 account for a significant 

portion of the total area, and vegetation areas of conservation grade 1, where 

the highest number of different types of species were present, were found only 

in areas approximately 5 km away from the roads. Nevertheless, many birds 

and reptiles were present near the roads (Figure 15).  
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Figure 15. Spatial patterns of species occurrence and HF in the three study sites  
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3. The influence of PU characteristics in SCP 

3.1. Influence of PU shape 

Jaccard’s coefficient, which indicates the influence of the shape of PUs 

on the best portfolio, showed different tendencies according to the level of 

HF. In the urban landscape, Jaccard’s coefficient increased in scenarios for 

all sizes when HF was applied instead of a uniform cost (that is, the influence 

of shape decreased), whereas Jaccard’s coefficient decreased in the forest 

landscape. Regarding the best portfolios for different shapes, overlaid areas 

in the urban landscape were bigger than those in the forest landscape (Figure 

16). In the agriculture landscape, similarity increased only in the largest PU, 

whereas it decreased in the other two scenarios (Table 14). 

Table 14. Selection frequency correlations based on PUs of different shapes in different 
landscapes. The numbers in this figure mean coefficients between square and 
hexagon as the planning unit shape under same size and same cost 

Size 
Forest Agriculture Urban 

Uniform HF Uniform HF Uniform HF 

20 ha 0.84 0.84 0.89 0.81 0.91 0.78 

80 ha 0.67 0.67 0.59 0.52 0.69 0.90 

320 ha 0.66 0.54 0.49 0.70 0.62 0.76 
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Figure 16.  Jaccard’s coefficient for assessing the influence of planning unit shape in 
different landscapes 

 

Spearman’s rank correlation coefficient for comparisons of selection 

frequencies revealed similar correlation coefficients for the forest landscape 

even when different cost metrics were applied. In particular, the values were 
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the same in the 20 and 80 ha scenarios, whereas they decreased from 0.66 to 

0.54 in the 320 ha scenario. The urban landscape showed increased 

correlation coefficient in the 80 and 320 ha scenarios, whereas the values 

decreased from 0.91 to 0.78 in the 20 ha scenario. In the agriculture landscape, 

correlation coefficient increased only in the 320 ha scenario and decreased in 

the 20 ha and 80 ha scenarios, similar to the findings for Jaccard’s coefficient.  
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 1 

 2 

Figure 17. Best portfolio patterns based on the shapes of PUs and with cost metrics based on: Uniform and HF 3 
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3.2. Influence of PU size 

Nestedness according to size appeared in the order of forest > urban > 

agriculture landscapes when a uniform cost was applied, but the order 

changed to urban > agriculture > forest landscapes when HF was applied 

(Figure 18). These results indicated that when HF was considered, the PU size 

had the least influence on the urban landscape. Only the urban landscape 

showed increased nestedness when HF was applied compared to when a 

uniform cost was applied. Moreover, in all landscapes, application of HF 

resulted in decreased nestedness (variability). 

The correlation coefficients obtained using selection frequency showed 

a tendency to increase in all landscapes when HF was applied. In particular, 

differences in the correlation coefficients were small when a uniform cost was 

applied, but that of the urban landscape showed the greatest increase from 

0.43 (±0.09) to 0.70 (±0.13) when HF was applied. Results from repeated 

measurements also confirmed that planning unit size had the least influence 

on the urban landscape. When HF was applied, the correlation coefficients 

for the forest and agriculture landscapes were 0.56 (±0.16) and 0.46 (±0.08), 

respectively (Table 15). 
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Figure 18. (a) Nestedness between best portfolios of different planning unit sizes and  
(b) Selection frequency correlations based on PUs of different sizes in different landscapes 

Table 15. Correlation efficient between scenarios by size. The numbers in this figure mean 
coefficient between different sizes with same shape and same cost   

Shape Size 
Forest Agriculture Urban 

Uniform HF Uniform HF Uniform HF 

Hexagon 20 ha vs 80 ha 0.59 0.83 0.59 0.63 0.55 0.82 

20 ha vs 320 ha 0.12 0.42 0.29 0.37 0.39 0.54 

80 ha vs 320 ha 0.49 0.42 0.43 0.52 0.42 0.68 

Square 20 ha vs 80 ha 0.58 0.69 0.52 0.77 0.43 0.83 

20 ha vs 320 ha 0.24 0.50 0.13 0.42 0.29 0.55 

80 ha vs 320 ha 0.64 0.52 0.26 0.53 0.48 0.75 
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3.3. Efficiency and Effectiveness 

When effectiveness and efficiency in all scenarios were compared using 

missing values and total selected areas (Figure 19), their values were the 

highest in square PUs of the smallest size (20 ha) in all landscapes. In other 

words, when 20 ha of square PUs were selected, priority zones with the 

smallest area were derived, indicating the highest degree of conservation 

goals achieved relative to area.   

As the PU size was increased, effectiveness and efficiency showed a 

tendency to increase and decrease, respectively. The forest landscape showed 

the lowest efficiency from 15.2% in the 20 ha hexagon scenario to 34.9% in 

the 320 ha hexagon scenario. The agriculture landscape exhibited a decrease 

in efficiency according to size. When HF was applied for hexagonal and 

square areas, 6.4% and 5.9% of the PUs were in the 20 ha scenario, 

respectively, whereas the total area selected increased by nearly 3 times to 

16.7% and 18.1% in the 320 ha scenario, respectively, resulting in the lowest 

efficiency (Table 16).  
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Figure 19. Changes in effectiveness (missing values) and efficiency (total area selected)  
by cost metrics and landscapes 
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Table 16. Efficiency and effectiveness by cost metrics and landscape 

Landscape Efficiency & Effectiveness 
Hexagon Square 

20ha 80ha 320ha 20ha 80ha 320ha 

Forest Uniform Cost  

   Total area selected (㎢) 109.1 158.1 274.9 111.1 152.0 258.3 

   Total area selected (%) 15.2 21.4 34.9 15.5 20.3 32.6 

   Boundary Length(㎞) 231.0 172.2 169.2 227.2 178.6 158.7 

   Parameter / Area ratio  2.1 1.1 0.6 2.0 1.2 0.6 

   Missing ratio (%) 8.08 8.08 3.03 4.04 9.09 5.05 
HF Cost 

   Total area selected (㎢) 138.4 188.3 220.0 151.3 193.9 245.6 

   Total area selected (%) 19.8 26.7 29.5 21.5 26.7 34.1 

   Boundary Length(㎞) 219.1 232.8 208.5 221.8 222.0 229.1 

   Parameter / Area ratio  1.6 1.2 0.9 1.5 1.1 0.9 

   Missing ratio (%) 10.10 5.05 3.03 4.04 5.05 5.05 

Agriculture Uniform Cost 

   Total area selected (㎢) 36.8 65.9 151.2 36.6 66.9 170.7 

   Total area selected (%) 5.1 9.0 19.3 5.1 9.0 21.1 

   Boundary Length(㎞) 157.8 162.1 164.6 152.4 159.3 173.9 

   Parameter / Area ratio  4.3 2.5 1.1 4.2 2.4 1.0 

   Missing ratio (%) 14.29 7.79 6.49 9.09 6.49 3.90 
HF Cost 

   Total area selected (㎢) 42.8 59.7 127.7 40.8 68.2 142.0 

   Total area selected (%) 6.4 8.5 16.7 5.9 9.7 18.1 

   Boundary Length(㎞) 153.0 159.5 177.9 158.7 169.6 188.9 

   Parameter / Area ratio  3.6 2.7 1.4 3.9 2.5 1.3 
   Missing ratio (%) 15.58 18.18 6.49 12.99 12.99 6.49 

Urban Uniform Cost 

   Total area selected (㎢) 35.9 50.7 104.6 35.5 57.1 106.0 

   Total area selected (%) 9.6 13.1 25.7 9.4 14.3 24.3 

   Boundary Length(㎞) 117.1 118.3 135.1 117.6 115.1 134.4 

   Parameter / Area ratio  3.3 2.3 1.3 3.3 2.0 1.3 

   Missing ratio (%) 4.05 6.76 4.05 4.05 1.35 0.00 
HF Cost 

   Total area selected (㎢) 43.7 60.4 107.2 43.8 60.1 110.7 

   Total area selected (%) 12.5 17.2 26.4 12.6 17.6 27.0 

   Boundary Length(㎞) 99.6 108.1 134.7 111.9 111.9 132.5 

   Parameter / Area ratio  2.3 1.8 1.3 2.6 1.9 1.2 

   Missing ratio (%) 6.76 5.41 4.05 5.41 1.35 0.00 
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4. Conservation target for SCP  

4.1. Influence of conservation targets 

Conservation targets affect the derivation of portfolios by identifying 

the differences in the portfolios. In particular, the effect of conservation target 

was found to be greater than the cost effect. When different targets were 

applied in Figure 20 and Figure 21, the ratio of areas was never selected and 

those selected over 90 runs were considerably changed. On the other hand, 

even if different costs were applied, no significant change in the number of 

PUs selected was noted for each scenario. 

 

Figure 20. The effect of changing the conservation targets, when conservation targets 
were based on uniform cost. Upper panel shows the scenarios with uniform target, and 

lower panel shows with variable target 
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Figure 21. The effect of changing the conservation targets, when conservation targets 
were based on the HF. Upper panel shows the scenarios with uniform target, and lower 

panel shows with variable target 

 

Regardless of the cost used, area selected decreased in all landscapes, 

and area selected over 90 runs increased when the variable targets were 

applied, rather than when uniform targets were applied. In other words, when 

variable targets were applied, flexibility of portfolios increased.  

The degree of the impact of conservation target varied across 

landscapes; however, in all scenarios, consistency was noted in the order of 

forest > urban > agriculture. In contrast, the order of flexibility was 

agriculture > urban > forest. Agriculture landscape was thought to be 

attributed to the fact that the species and human impacts were spatially close 
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to each other and often overlapped. Flexibility in Urban was lower in 

Agriculture because the area was divided into urban and forest and species 

mainly appeared in forest areas. Forest were determined to have the lowest 

flexibility since the large forest areas were required for species presence. 

 

4.2. Efficiency and effectiveness 

4.2.1. Efficiency  

When HF was applied, the P/A ratio decreased in all landscapes (Figure 22, 

Figure 23, and Figure 24). The P/A ratio varies depending on the patch shape 

of the selected PUs. If the P/A ratio is high, the patches are close to the circle, 

(Helzer and Jelinski 1999) and the selected PUs are more likely to be united 

rather than scattered. This suggests that, when HF was applied, the selected 

PUs tended to be scattered 

 The decrease in P/A ratio was in the order of Urban > Forest > Agriculture 

landscape. According to the conservation target, the P/A ratios from uniform 

targets were lower than the variable targets in both uniform cost and HF. In 

other words, when uniform rather than variable targets was applied, portfolios 

with a higher efficiency were derived. 
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Figure 22.P/A ratio in agriculture landscape 

 

Figure 23. P/A ratio in forest landscape 
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Figure 24. P/A ratio in urban landscape 

 

4.2.2. Effectiveness 

Effectiveness evaluated by calculating missing values were different for 

each landscape. In agriculture landscape, when uniform costs were used, 

missing values had similar values from conservation target 0% to 50%, 

however as the conservation targets increased, the missing values increased 

in over conservation target 50%. When variable targets were applied, similar 

number of species was missed regardless of cost type (Figure 25).  
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Figure 25. Missing values in agriculture landscape  

 

Forest showed similar trends to agriculture landscape. In particular, when 

uniform costs were used, missing values of portfolio with uniform target were 

higher at conservation target of 50% or less; however, in over conservation 

50%, missing values of portfolio with variable target were higher (Figure 26). 

Urban landscape was significantly different from the other two landscapes. 

Although a little difference was noted in all scenarios, regardless of the 

conservation targets and cost types, similar missing values were obtained 

(Figure 27).  
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Figure 26. Missing values in forest landscape  

 

Figure 27. Missing values in urban landscape 
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V. Discussion 

1. Effectiveness of the present PAs in South Korea 

SCP is a flow of steps to establish a PA network plan, such as 

representativeness, complementarity, effectiveness, and efficiency (Margules 

and Pressey 2000; Kukkala and Moilanen 2013). This study revealed the 

representativeness and complementarity of the PAs in South Korea and 

identified that their status was insufficient to include various ecosystems and 

species (Table 8, Table 9, Table 10 and Table 11). South Korea’s terrestrial 

PAs showed low levels of representativeness and complementarity. 

Complementarity is closely related to representativeness (Pressey et al. 2002). 

Higher complementarity is likely to increase representativeness. Accordingly, 

simultaneously considering the characteristics of PAs with different purposes 

is advantageous (Kukkala and Moilanen 2013).  

In terms of ecosystems, considering ecosystems other than forests was 

necessary (Table 8). In terms of species, the representativeness of summer 

migratory birds was somewhat higher than that of amphibians and reptiles, 

but protecting birds inhabiting areas where amphibians and reptiles live was 

necessary (Table 11). This result was similar to the analysis of 

complementarity. The complementarity of PAs for amphibians was the lowest 
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(Figure 10). In other words, the composition of amphibians was similar 

between the PAs. This status is not a problem only in South Korea but also 

noted in other countries with low complementarity between PAs (González-

Maya et al. 2015).  

South Korea aims to secure 17% of the land area for conserving 

terrestrial and freshwater ecosystems by 2020 (United Nations Environmental 

Programme 2010). To realize this, quantitative expansion of PAs is important. 

However, which species can be conserved through PAs (Kukkala and 

Moilanen 2013) need to be determined. The representativeness and 

complementarity evaluation results of this study suggest that when additional 

PAs are needed, considering the species and their surrounding ecosystems 

having human activities is necessary. 

Nevertheless, this study has limitations because it was evaluated only 

at the presence points where the species were observed. For more accurate 

and integrated assessment, obtaining data on the spatial range and habitat 

characteristics of the species needs more time and effort. In particular, SCP 

needs to be conducted by first identifying the species that are not protected in 

the PAs, irrespective of whether they are endangered species or not.  

 



- 77  - 

 

2. The influence of PU characteristics in SCP 

The shape and size of PUs, the initial conditions of SCP, have been known 

to affect the solutions derived. Similar to the findings of previous studies, 

solutions derived according to different shapes and sizes showed similar 

tendencies. First, size was found to have a larger influence than shape. Many 

studies have mostly investigated the influence of only one of these variables. 

Nhancale and Smith (2011) assessed the size of Jaccard’s coefficient 

associated with these two variables, where solutions with a relatively high 

degree of similarity were derived when different shapes were applied. In the 

present study, the mean value of Jaccard’s coefficient was 0.53 and 0.34 when 

different shapes and sizes were applied, respectively, confirming that 

solutions with greater variability were derived when different sizes were 

applied (Figure 16). Second, when HF was applied as the cost, changes in the 

level of influence owing to the shape and size were observed. Compared to 

the application of a uniform cost, the application of HF caused changes in 

both Jaccard’s coefficient and nestedness, as well as in the correlation 

coefficient (Figure 16 and Figure 18; Table 14). Constraints are applied using 

costs such as HF to evaluate the practicality of conservation planning (Naidoo 

and Adamowicz 2006; Adams et al. 2010). In particular, obtaining practical 

solutions with conservation features alone is difficult using prioritization 

tools, such as MARXAN. Therefore, additional constraints need to be 

considered (Levin et al. 2015). Previous findings show that cost affect the 

conservation assessment portfolio (Carwardine et al. 2010). The findings in 
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the present study also confirmed that the cost of PUs had a major influence 

on conservation priorities. 

However, when HF was considered, all three study sites showed different 

tendencies with regard to the level of the influence of shape and size. This 

study found that the influence of PU shape and size decreased in areas with 

greater human interference. For example, in the urban landscape, the 

influences of both shape and size decreased. In contrast, their influences 

increased in the forest landscape. In the agriculture landscape, with moderate 

level of human impact, the influence of shape increased in small-sized PUs 

(20 and 80 ha), but decreased in large-sized units (320 ha), where size had a 

larger influence.   

Comparing the three study sites, the influence of size appeared to be in the 

order of agriculture > forest > urban landscapes when HF was applied. In the 

urban landscape, where human impact was large and footprint was applied, 

the influence of size decreased to the smallest. Even in the agriculture and 

forest landscapes, the absolute value of correlation coefficient of selection 

frequency was small, but the degree of similarity increased with size. 

However, with respect to the best portfolios, results of using different sizes 

showed a lower degree of similarity (Figure 18).  

The influence of shape was in the order of agriculture > forest > urban when 

HF was applied. Studies on the influence of shape are considerably less than 

those on the influence of size (Nhancale and Smith 2011) and, because PUs 
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do not completely overlap, determining their influence is difficult. In the 

present study, all study sites showed the same unique tendency in the best 

portfolio and selection frequency. The degree of similarity was high in the 

urban landscape and low in the forest landscape. In the agriculture landscape, 

the degree of similarity was low in small PUs (20 and 80 ha), but high in the 

320 ha scenario (Figure 16, Table 14).  

The influence of shape and size was different for different landscapes, likely 

because each landscape had different spatial patterns of HF and conservation 

targets. For example, in the agricultural landscape with semi-natural 

characteristics, human impact might appear near cultivated land. However, 

the cultivated land could also provide important habitats for amphibians and 

reptiles, and these species appear to be distributed around this land use 

(Figure 15). Therefore, the conservation feature and distribution of HF 

overlap, whereby the degree of similarity decreases with an increased 

possibility of each solution selecting different PUs. In contrast, in natural 

areas, such as forests, where species are abundant and human interference is 

low, conservation targets are abundant and widely distributed. Thus, such 

areas are less affected by size. Accordingly, establishing conservation 

planning with cost considerations might be more sensitive to species 

distribution (Cheok et al. 2016). 
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3. The influence of conservation target in SCP 

The influence of conservation target was significant. Since different 

conservation targets were applied, different portfolios were derived (Figure 

20 and Figure 21). In particular, when variable target was applied, the plan 

with high flexibility was formed. Flexibility is a very important attribute to 

accommodate the opinions from various stakeholders (Levin et al. 2015). The 

portfolio with low flexibility, just based on the expert opinion, might be 

difficult with communications with other stakeholders. Therefore, 

conservation targets should be focusing on identifying a portfolio with high 

flexibility to reflect the opinions of various decision makers (Kukkala and 

Moilanen 2013). Recently, some researchers have insisted that socio-

economic target should be added to the conservation target (Weeks et al. 2010; 

Levin et al. 2014). However, conservation target and socio-economic targets 

can be conflicting, thereby impeding the conservation plan and complicating 

it (Halpern et al. 2013). 

The influence of conservation targets varied depending on landscapes. 

It is determined under the influence of the distribution of species and human 

disturbances. Most attention should be paid when establishing conservation 

targets in natural ecosystems such as forest, which are mostly affected by 

conservation target.  
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The limitations of this study are that it only used presence points for 

animals. This can lead to overestimation of results. Therefore, selecting a 

specific PA would be difficult. Potential habitat maps as well as presence 

points can be a useful data (Rondinini et al. 2006). The characteristics of the 

data to be conserved can be linked to the conservation target setting, which 

might affect the final portfolio. Therefore, when assessing the impacts of 

conservation targets, developing portfolios by using data such that the 

characteristics of the data are considered is necessary (Carvalho et al. 2010). 

 

4. Trade-off between effectiveness and efficiency 

In terms of the impacts of PU size, effectiveness increased and 

efficiency decreased as the size increased. With increased size, more 

conservation targets are included, facilitating the achievement of 

conservation goals. In the present study, missing values decreased with 

increases in size. However, the possibility of including risk factors or other 

land cover types in addition to the conservation targets also increases when a 

large PU is selected, hampering the implementation of realistic plans. 

Moreover, because a larger area is selected to achieve the same conservation 

targets, efficiency would naturally drop (Pressey and Logan 1998; Larsen and 

Rahbek 2003; Warman et al. 2004; Shriner et al. 2006b; Justus et al. 2008).  
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In the forest landscape, total area selected increased up to 24.3 % when 

a uniform cost was applied, a hexagonal shape was selected, and the size of 

the PU was increased by 16 times (Figure 19). Warman et al. (2004) showed 

that increasing hexagonal PUs by 62.5 times resulted in an increased area of 

0.07 %p, whereas Larsen and Rahbek (2003) showed that an increase in PUs 

by 64 times resulted in an increased area of 60 %p. Moreover, Nhancale and 

Smith (2011) reported that when the size of the PU was increased by 16 times, 

the portfolio extent increased by 2 % and 3.2 % for hexagons in the area when 

area cost and agricultural cost was applied, respectively. However, small PUs 

have the disadvantage of increasing boundary cost and selection of isolated 

protected zones. Thus, specific changes in and trade-offs between 

effectiveness and efficiency might vary according to influencing factors, such 

as the size of PU used, goal and distribution of conservation targets, and 

distribution of risk factors.  

Our findings suggest that, when both effectiveness and efficiency were 

considered, square PUs of small sizes were the most suitable. Previous studies 

have shown that hexagonal PUs are advantageous for forming clusters, which 

is useful for determining efficient conservation planning solutions (Birch et 

al. 2007; White and Kiester 2008). Moreover, small PUs are known to be 

advantageous in achieving conservation planning efficiency (Shriner et al. 

2006b; Nhancale and Smith 2011). However, when coupled with 
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effectiveness, square PUs of 20 ha were found to be the most suitable 

regardless of the cost metric in all three study sites (Figure 19). This is 

because small PUs have the smallest total area selected, and the squares have 

lower missing values than hexagons. However, assuming that a combination 

of 20 ha and square shape applies to all regions would be difficult because 

conservation planning heavily depends on regional context (Girvetz et al. 

2008). Nevertheless, creating an efficient and effective conservation network 

requires the confirmation of the size and shape of PUs most suitable for a 

given area at the initial stage of selecting PUs. 

Even for different types of conservation targets, efficiency and 

effectiveness showed trade-offs and varied with landscape characteristics. 

When efficiency was considered, uniform target was more valuable. However, 

considering effectiveness, variable targets were useful in agriculture and 

forest landscapes. Even if judging by these two purposes of PA alone is 

difficult, selecting an appropriate method depending on the characteristics of 

the conservation features and target sites is necessary. When information on 

species is lacking, deriving efficient portfolio by using uniform target is 

possible. If every species has a different conservation status, detecting an 

effective portfolio as a variable target would become possible. In particular, 

urban landscape has similar effects regardless of the type of conservation 
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targets; therefore, uniform targets might be used, but attention needs to be 

paid to agriculture and forest landscapes.  

Considering flexibility, effectiveness and efficiency according to 

conservation targets, variable targets are likely to be advantageous; although 

the efficiency is lower, the other two objectives are better. Indeed, more 

studies are known to use variable targets (Carvalho et al. 2010; Fajardo et al. 

2014). 
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VI. Conclusions 

In order to establish SCP to protect species and diverse ecosystems, this 

study identified the representativeness and complementarity of terrestrial PAs 

in South Korea and assessed the influence of planning factors on forest, 

agriculture and urban landscape.  

SCP should be implemented by using a common process from data 

collection to generating portfolios for all sites. This frame might be applied 

uniformly regardless of the characteristics of the site planned to be conserved. 

Depending on the landscape based on HF, the impacts of planning factors in 

SCP were different. Furthermore, according to the results of 

representativeness and complementarity evaluations, ecosystems and species 

were found to be lost in South Korea. Generating diverse ecosystems and 

species while considering conservation planning is beneficial. In addition, the 

initial conditions of the PUs and conservation targets were found to 

significantly affect the final conservation plan. Such influences are noted for 

the achievement of the overall conservation goals and establishment of 

management strategies. In particular, when human impact is considered, the 

shape and size of PUs showed the largest influence on agriculture landscape 

where human interference and species distribution overlapped the most. 

Conservation targets had the largest influence on forest landscape where 
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species were distributed in natural areas. Therefore, proper selection of these 

variables is very important for decision makers since it can result in very 

different solutions. 

The trade-offs between effectiveness and efficiency impeded the 

selection of appropriate PU size and shape and conservation target. In 

particular, the effect of conservation target setting method was very different 

in relation to the different landscapes. Therefore, selecting a suitable method 

for each landscape is necessary. These results might provide a basis for 

selecting suitable planning factors for implementing SCP. Nevertheless, 

further studies are needed to identify even greater varieties of socioeconomic 

costs that are expected to influence biodiversity conservation and help in 

deriving more realistic conservation planning 
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Appendix I.  

Table S1-1. It shows the different human modification levels in the study sites. Urban ratio means the average ratio of the developed area in a planning 
unit. Pop. Density is the average normalized population density in a planning unit. Road grade 1st to 3rd is t 

Landscape Size Shape 
Urban ratio 
(mean) 

Pop. Density  
(mean) 

Road   
grade 1st 

Road   
grade 2nd 

Road   
grade 3rd 

Forest 20ha Hexagon 0.017 ± 0.049 0.034 ± 0.134 0.022 0.070 0.055 

Square 0.017 ± 0.047 0.033 ± 0.131 0.023 0.075 0.056 

80ha Hexagon 0.017 ± 0.035 0.037 ± 0.114 0.042 0.126 0.095 

Square 0.016 ± 0.036 0.036 ± 0.111 0.041 0.133 0.099 

320ha Hexagon 0.016 ± 0.024 0.041 ± 0.110 0.077 0.199 0.149 

Square 0.016 ± 0.022 0.039 ± 0.106 0.081 0.209 0.159 

Agriculture 20ha Hexagon 0.057 ± 0.106 0.165 ± 0.281 0.036 0.065 0.201 

Square 0.057 ± 0.107 0.164 ± 0.283 0.038 0.072 0.209 

80ha Hexagon 0.056 ± 0.091 0.183 ± 0.251 0.069 0.121 0.308 

Square 0.057 ± 0.091 0.181 ± 0.250 0.067 0.127 0.304 

320ha Hexagon 0.059 ± 0.095 0.200 ± 0.241 0.130 0.186 0.416 

Square 0.054 ± 0.066 0.192 ± 0.235 0.119 0.193 0.400 

Urban 20ha Hexagon 0.239 ± 0.324 0.345 ± 0.444 0.101 0.458 0.017 

Square 0.237 ± 0.324 0.341 ± 0.444 0.103 0.452 0.018 

80ha Hexagon 0.224 ± 0.294 0.403 ± 0.453 0.173 0.520 0.018 

Square 0.223 ± 0.294 0.408 ± 0.454 0.191 0.475 0.023 

320ha Hexagon 0.203 ± 0.264 0.455 ± 0.465 0.304 0.453 0.014 

Square 0.202 ± 0.266 0.483 ± 0.466 0.324 0.439 0.020 
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Appendix II.  

To use MARXAN, it needs three input files necessarily such as pu.dat, 

spec.dat, and puvsp.dat (Game and Grantham 2008). The pu.dat has 

information about the planning unit, cost and status (Table S2-1). The 

spec.dat is about conservation target, penalty, and the like (Table S2-2). The 

puvsp.dat includes the amounts of conservation features in each planning unit 

(Table S2-3). Additionally, the bound.dat is needed to consider boundary 

length of the PUs (Table S2-4). The main outputs of MARXAN are best 

portfolio and selection frequency files (Table S2-5 and Table S2-6).  

 

Table S2-1. Example of pu.dat as an input file of MARXAN. Id is assigned by each planning 
unit. Cost can be any numeric values. Status can be applied to 0, 1, 2, and 3 (0: Not priority, 

1: Priority, 2: Locked in, 3: Locked out) 

id cost status 

1 0 0 

2 0.7 1 

3 0.12 2 
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Table S2-2. Example of spec.dat as an input file of MARXAN. Id and name is assigned by 
each conservation feature. Prop means a conservation target of a conservation 
feature. Target and targetocc can set the conservation target as real areas or 
presence points, but if we set prop, those variables have to be set 0. Spf is penalty 
levied when a conservation target for species is not achieved. 

id prop target targetocc spf name 

1 0.7 0 0 1 a 

2 0.5 0 0 1 b 

3 0.25 0 0 1 c 

 

 

Table S2-3. Example of puvsp.dat as an input file of MARXAN. Amount means the areas 
or points included in each planning unit. Species number is same to id in spec.dat. Id 

number is same to id in pu.dat. 

species id amount 

1 1 156.2 

2 1 25.3 

3 2 35.2 

 

 

Table S2-4. Example of bound.dat as an additional input file of MARXAN. Boundary 
indicates the shared boundaries between two planning unit id1 and id2. 

id1 id2 boundary 

1 2 20 

1 3 10 

1 4 10 
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Table S2-5. Example of best portfolio file as an output file of MARXAN. Solution can be 0 
or 1 depending on whether the planning unit was selected or not.  

Planning unit solution 

1 0 

2 1 

3 0 

 

Table S2-6. Example of selection frequency file as an output of MARXAN. Number indicates 
how many times the planning unit has been selected from 100 portfolios. If 1000 
runs of MARXAN are performed, number would have range from 0 to 1000.  

Planning unit number 

1 90 

2 45 

3 100 

 

The spatial data on the PUs, conservation features and costs are needed 

to prepare input data for MARXAN. This study made the planning unit 

polygon files depending on the different shapes (Square and Hexagon), and 

the different sizes (20ha, 80ha, and 320ha) of planning unit (Figure S2-1). For 

making cost data, development zone, road network, and population density 

were used (Figure S2-2(a)-(c)). The occurrence points of conservation feature 

such as amphibians, reptiles, and summer migratory birds were used (Figure 

S2-2(d)). All of those data have been converted into a suitable form for 

MARXAN input data through QMARXAN, a plug-in of QGIS (QGIS 

Development Team, 2017).  
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Figure S2-1. Planning unit files of different shape and size  

 

Figure S2-2. Input spatial data for MARXAN. (a) road network, (b) population, and (c) 
development zone are for making cost and (d) is for conservation features 
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Abstract in Korean 

인구증가, 경제개발에 따른 지속적인 개발활동으로 인하여 지금도 

많은 생물종들이 서식지를 잃고, 멸종될 위기에 있으며, 실제로 몇몇 

생물종들이 멸종되고 있다. 이에 보호지역은 생물다양성을 보호하기 위한 

가장 효과적인 도구로 인식되고 있다. 2010 년 생물다양성보전협약 

(CBD)에서는 20 가지의 목표를 세웠는데, 그 중 보호지역의 확보와 

멸종위기종 보호에 대한 내용이 포함되어 있다. 이 목표들을 달성하기 

위하여 많은 연구자들이 기존 보호지역에 대한 평가, 추가 보호지역의 

선정 등 다양한 연구들을 진행하였다. 하지만 국내에서는 보호지역이 과연 

우리나라에 서식하는 다양한 생물종들을 보호하고 있는지에 대한 효과성에 

의문이 제기되고 있어 확인이 필요한 상황이다. 

체계적인 보전계획은 보호지역이 성공해야 할 다양한 생물종의 

보전을 달성할 수 있도록 데이터준비부터 보호지역 관리까지 정량적인 

분석을 기반으로 객관적인 보호지역을 선정하도록 도와준다. 하지만 

체계적인 보전계획의 진행 과정에서, 최종 결과물에 영향을 미치는 중요한 

단계들이 있는데, 데이터 준비 이후 계획단위 설정, 보전목표 설정의 

단계이다. 계획단위는 보전대상을 공간적으로 구분하는 기준으로 크기와 

형태에 따라 영향을 줄 수 있다. 보전목표는 보전대상을 얼마나 

보호할지에 대한 문제로, 결과물의 유연성에 영향을 줄 수 있다. 하지만 

지금까지 선행연구들에서는 이들 영향요인에 대한 평가를 주로 자연경관이 

주를 이루는 지역이나 국가규모의 큰 스케일에서 이뤄지는 경우가 

대부분이었다. 따라서 인간의 활동이 일어나는 경관을 포함한 지역에서는 
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이들 요인들에 의한 영향을 확인하지 못하였다. 앞으로 계속될 개발 

활동과 기후변화로 인한 생물종의 이동을 고려할 때, 이러한 경관을 

포함한 지역들에서도 보전 활동이 필요할 수 있다. 따라서 본 연구에서는 

우선 국내 육상 보호지역의 효과를 평가하고, 인간의 영향의 크기와 

패턴에 차이를 보이는 산림, 농업, 도시 경관에서 계획 단위, 보전 목표가 

최종 계획안 도출에 미치는 영향이 어떠한지 확인하고, 가장 적합한 

방법이 무엇인지에 대하여 알아보았다.  

보호지역의 효과성은 생태계와 생물종들이 보호지역으로 얼마나 

보호가 되고 있는 지를 확인하였는데, 생태계를 대표하는 변수로는 토지 

피복과 식생군락을, 생물종은 양서류, 파충류, 여름 철새를 대상으로 

하였다. 보호지역의 효과성은 대표성과 상보성을 확인하였다. 계획 단위, 

보전 목표와 같은 영향요인들에 의한 영향평가는 각 경관 별로 

MARXAN 을 이용하여 계획안을 도출한 후, 계획안들 사이의 유사성을 

Jaccard 지수와 상관 계수로 비교하였다. 구체적으로 서로 다른 

계획단위의 크기와 형태, 그리고 보전 목표를 적용하여, 각 경관 별로 

각각 12 개와 24 개의 시나리오로 계획안을 도출하여 비교분석 하였다. 

적합한 계획 단위의 크기와 형태, 보전 목표는 시나리오 별 계획안 결과의 

효율성과 효과성을 평가하여 도출하였다.  

연구결과 국내 육상 보호지역은 주로 산림 생태계 만을 대상으로 

하고 있어, 초지, 농업지역, 습지 등의 생태계와 이러한 생태계에 서식하는 

생물종의 고려가 부족함을 발견하였다. 또한 보호지역들 간의 상보성이 

낮아 보호가 안되고 있는 종이 발생할 수 있는 상태임을 확인하였다.  
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계획 단위 형태와 크기의 영향은 인간의 영향을 반영할 때, 도시에서 

유사도지수가 높아져, 영향이 줄어드는 것으로 나타났다. 반면에 

농업지역에서 영향이 가장 큰 것으로 나타났다. 효과성과 효율성을 고려할 

때, 가장 작은 계획 단위의 격자가 가장 적합한 것으로 확인되었다. 보전 

목표에 의한 영향은 모든 경관에서 인간의 영향보다 영향의 정도가 컸다. 

그리고 동일한 보전목표보다 보전 상태에 따라 차등을 준 보전 목표가 더 

유연성 높은 계획안을 도출함을 알 수 있었다. 효율성과 효과성을 고려할 

때에는 서로 장단점이 있고, 경관 마다 서로 다른 관계를 가지는 것으로 

나타났다. 도시지역에서는 보전 목표의 종류와 관계없이 일정한 효과성을 

가질 수 있었다. 반면에 산림, 농업 지역은 차등화를 준 보전 목표를 

적용했을 때 더 효과적임을 보였다.  

본 연구를 통하여 앞으로 국내 보호지역 확대 할 때, 산림 이외의 

생태계를 고려해야함을 알 수 있었으며, 적합한 계획 단위와 보전 목표를 

설정할 때에는 해당 지역이 어떤 생태계들로 구성이 되어있는 지를 

확인하여 적절한 요소들을 적용할 수 있을 것으로 판단된다. 보다 많은 

생물종을 보호하며, 다양한 이해관계자들과 소통하는데 도움을 줄 수 있는 

체계적인 보전 계획을 대상지의 특성을 고려한 현명한 적용이 가능하게 

하는데 기여할 수 있을 것으로 보인다.  

주요어 : 보호지역, 경관특성, 대표성, 상보성, 계획단위, 보전목표, MARXAN 

학번: 2014-30792 
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