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INTRODUCTION TO THE DISSERTATION 

Across the globe, large carnivores are widely considered charismatic and naturally attain a 

lot of people’s attention. In many cases, they are a symbol of various entities, including 

countries, sports teams, and universities. For example, national animals are tigers in 

Bangladesh, India, Malaysia and Vietnam; snow leopards in Afghanistan; gray wolves in 

Turkey; and jaguars in Guyana (Worldatlas 2015). Carnivores not only are culturally 

important but also ecologically play a significant role. As an umbrella species and apex 

consumer, they regulate ecosystems and promote biodiversity (Prugh et al. 2009; 

Camargo-Gamboa et al. 2010; Estes et al. 2011; Ritchie et al. 2012). Tropic cascade in the 

Yellow stone National Park following the wolf reintroduction demonstrates an excellent 

example of the critical ecological function of a large carnivore. Returning wolves improved 

both terrestrial and riparian ecosystems and species relying on those ecosystems which 

suffered from overgrazing by elks (Ripple et al. 2001; Ripple & Beschta 2003, 2012).  

Given their endangered status along with the cultural and ecological importance, 

carnivore conservation and management are one of the major conservation concerns 

(Weber & Rabinowitz 1996; Linnell et al. 2001; Camargo-Gamboa et al. 2010; Ritchie et al. 

2012).  However, populations of large carnivores have plummeted in the past two 

centuries, and the majority of remaining populations are still being threatened (Weber & 

Rabinowitz 1996; Morrison et al. 2007; Walston et al. 2010; IUCN 2014). The main reasons 

for the population plunge are habitat loss and fragmentation as well as overhunting of 

carnivores and their prey due to the demand for Chinese medicine and food and conflict 

between people and carnivores (Woodroffe 2000; Check 2006; Dinerstein et al. 2007; 
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Chapron et al. 2008; Harihar et al. 2009; Walston et al. 2010; Wikramanayake et al. 2011; 

Barber-Meyer et al. 2013; Mohsanin et al. 2013; Rosenblatt et al. 2014). Particularly, the 

conflict between human and carnivores exacerbates the decline of carnivore populations. 

The conflict, often due to competition between human and carnivores over the land and 

prey, negatively affects people’s livelihood and safety and in turn promotes retaliatory 

killing or persecution of the carnivores (Macdonald & Sillero-zubiri 2002; Treves & 

Karanth 2003; Thirgood et al. 2005; Goodrich 2010). Especially, the larger body-sized 

carnivores, the higher the chance of conflict with humans and the harder to escape from 

the risk of extirpation (Ripple et al. 2014). 

To secure viable populations of endangered carnivores, conservationists either 

protect the existing populations in current ranges or more increasingly are trans-locating 

populations to the current or indigenous ranges (Bangs & Fritts 1996; Bottrill et al. 2006; 

Forder 2006; Hayward et al. 2007; Miller et al. 2011; Johnson et al. 2012). However, large 

carnivore conservation is tremendously complicated and challenging in a human-

dominated landscape, and by far failures outnumber successes (Weber & Rabinowitz 1996; 

Breitenmoser et al. 2001; Dickman 2010; Fontúrbel & Simonetti 2011; Barua et al. 2013). 

Still, without acceptance and support from the people living with them, long-term survival 

of large carnivores is not feasible. Therefore, finding “coexistence recipes,” which involves 

prevention and mitigation of human-carnivore conflict, is inevitable in carnivore 

conservation (Miquelle et al. 2005; Hemson et al. 2009; Goodrich 2010; Zimmermann et al. 

2010; Rigg et al. 2011). To improve the efficiency and effectiveness, the coexistence recipes 

need a systematic approach. Developing coexistence solutions requires the understanding 
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of socio-cultural, political and ecological factors underlying human-carnivore 

entanglement.  

Therefore, in this dissertation, I demonstrate two case studies to facilitate the 

coexistence between local people and carnivores. One case study was investigating current 

on-going human-carnivore conflict in local people’s perspective in the Nam Et-Phou Louey 

National Protected Area (NEPL NPA) in Lao PDR to search for conflict mitigation strategies. 

The other case study was planning for the potential leopard restoration in South Korea to 

prevent the potential conflict between people and the restored carnivores and thus to 

increase the success of the coexistence. Through these case studies, this dissertation aimed 

to: 1) assess the local people’s perceived risk and attitudes toward tigers and dholes as well 

as associated drivers affecting the attitudes in the NEPL NPA; 2) examine the factors that 

influence the selection of grazing areas where human-carnivore conflict usually occurs in 

the NEPL NPA, and 3) develop a conceptual framework for Amur leopard restoration in 

South Korea.  

Chapter 1, “Ethnicity, perceived risk and attitudes of human-carnivore conflict in the 

Nam Et-Phou Louey National Protected Area, Laos,” investigates local herders’ perceived 

risk of livestock depredation by tigers and dholes, their attitudes toward these carnivores, 

and demographic and socio-economic factors influencing the attitudes. I further compare 

the perceived risk and attitudes among three ethnic groups in the NEPL NPA. I interviewed 

203 herders whose grazing areas were in and around the Totally Protected Zone of the 

NEPL NPA. My finding confirms the difference in the perceived risk and attitudes toward 

dholes, but not tigers, among three ethnic groups. The study also demonstrates that the 

attitudes toward tigers and dholes are largely shaped by the previous experience of 
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livestock loss by the target species, which comes from different livestock management 

system and main livelihoods. My hope is that this study can inform conservationists 

seeking to develop human-carnivore conflict mitigation strategies where local participation 

is weak.  

Chapter 2, “Exploring conservation decision-making among local herders in the Nam 

Et-Phou Louey National Protected Area, Lao PDR,” exemplifies a vignette experiment with 

respect to human-tiger conflict in the NEPL NPA. A pictorial vignette experiment 

investigates the relative importance of five relevant selection factors: the grazing area’s 

distance to carnivores, prey, agricultural land, and a village, and the quality of grass to 

understand factors that influence local people’s selection of grazing areas. The good quality 

of grass and distance to carnivores were the most important factors for herder’s decision-

making. The results from the vignette experiment help to design effective protected area 

management strategies for reducing human-tiger conflict that also consider local herders’ 

concerns. This research also confirms the utility and potential application of a vignette 

experiments in wildlife conservation research, especially when dealing with sensitive 

topics.   

Chapter 3, “Developing a conceptual framework for Amur Leopard restoration in 

South Korea,” demonstrates step-by-step procedures of planning for Amur leopard 

restoration in South Korea by using the Open Standards for Practice of Conservation. 

Starting with defining the geographical scope and conservation targets of the project, I 

assessed the viability of the conservation targets, identified and ranked direct threats to 

conservation targets, and prioritized strategies to maximized the effectiveness of the 

restoration. The framework not only examined the current status of the target, which 
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implicates the feasibility of the restoration but also, uncovered research gaps that need to 

be addressed. Through this case study, I hope to introduce a systematic conservation 

planning tool that can consider complex ecological, political and socio-economic situations 

for conservationists and policy makers and facilitate communication among stakeholders.      

These three chapters each contribute to our understanding of human-carnivore 

entanglement, and provide possible solutions to reduce or prevent the conflict in various 

situations, in the NEPL NPA in northern Laos where the conflict is present and human 

population density is relatively low and in South Korea where the conflict is expected and 

people are highly populated.  Furthermore, I hope this research helps provide the 

framework for policies and conservation projects that promote the coexistence between 

people and carnivores worldwide.   
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Chapter 1 : Ethnicity, perceived risk, and attitudes of human-

carnivore conflict in the Nam Et-Phou Louey National Protected 

Area, Laos    
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1. Introduction 

Conflict between humans and carnivores is prevalent worldwide where both species co-

occur: lions in Africa, lynxes in Europe, wolves in North America, and tigers in Asia (Ruid et 

al. 2009; Liberg et al. 2011; Rigg et al. 2011; Ahmed et al. 2012; Pettigrew et al. 2012; 

Dickman et al. 2014). Livestock depredation is the most frequent form of the conflict. In 

general, livestock loss is not only debilitating to rural livelihood, but also prompts 

retaliatory killing or persecution of carnivores (Treves & Karanth 2003; Quigley & Herrero 

2005; Thirgood et al. 2005; Johnson et al. 2006; Goodrich 2010; Inskip et al. 2013). 

Moreover, such conflict can result in negative attitudes towards the carnivores that 

eventually lead to little or no support for carnivore conservation among the local people. 

Therefore, to ensure the long-term survival of carnivores in a human-dominated landscape, 

human-carnivore conflict should be promptly and appropriately resolved.  

It is, however, not simple to develop effective conflict mitigation strategies. This 

requires careful understanding of the complexities of the conflict, because local people’s 

responses to the conflict will differ based on personal experiences as well as socio-

economic, cultural, and political factors (Kleiven et al. 2004; Dickman 2010; Lescureux & 

Linnell 2010; Thorn et al. 2012; Inskip et al. 2013; Dickman et al. 2014). Interventions that 

do not consider these factors will likely be only a temporary remedy that treats the 

symptoms, not the causes of human-carnivore conflict and, therefore, are less sustainable 

and less likely to be locally acceptable. Despite the importance of understanding the 

complexities of the conflict, studies that attend to underlying factors are still lacking in 

many regions, including Nam Et-Phou Louey National Protected Area (NEPL NPA) in 

northern Laos.  
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The NEPL NPA has a long history of human-carnivore conflict. Local herders in the 

NEPL NPA have occasionally lost livestock to carnivores including tigers (Panthera tigris) 

and dholes (Cuon alpinus) (Johnson et al. 2006; Kamler et al. 2012). Although the frequency 

of large livestock loss in the area is not high (2.1 livestock per village per year), even a 

single large livestock loss (about $ 600 per cattle, $850 per buffalo in 2012) poses a burden 

on the local livelihood in the NEPL NPA, which is one of the poorest regions in Laos with 

less than $1,408 GDP per capita (World Bank 2015). At the same time, tigers in the region 

are on the brink of extinction due to continuous poaching, primarily for illegal wildlife 

trade and, to a lesser degree, in retaliation for livestock loss (Johnson et al. 2006). The three 

indigenous ethnic groups in this region include Lao Loum (Lowlander; Tai-Kadai speaking 

family including Tai Lao, Tai Dam, and Tai Deng), Lao Theung (Midlander; Mon-Khmer 

speaking family including Khmu and Lao Khaa), and Lao Sung (Highlander; Tibeto-Burman 

speaking family including Hmong and Mien) based on their traditional residence schemes 

—all of whom have unique culture and livelihood practices. While there is no ethnic 

majority, Lao Loum are numerically and socially dominant (Ireson & Ireson 1991). Among 

these groups, the Lao Sung, more specifically Hmong, are the most frequently labeled as 

tiger poachers by other ethnic groups and conservation organizations in this region 

(Schlemmer 2001; Satoshi 2004). Despite these anecdotes, it is still unclear whether Lao 

Sung have more negative attitudes towards carnivores than other ethnic groups in the 

NEPL NPA. In the early 2000s, the NEPL NPA Management Unit and the Wildlife 

Conservation Society (WCS) tried to systematically monitor the conflict and investigated 

the feasibility of a livestock insurance program to respond to human-tiger conflict. 

However, both attempts were not completed due to the lack of human and financial 
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resources to continue the monitoring, and a lack of interest and understanding among local 

people in the insurance scheme (Johnson et al. 2006). In addition to tigers, dholes, also 

listed as endangered by the International Union for Conservation of Nature (IUCN), are in 

conflict with local herders; however, information about human-dholes interactions is 

sorely lacking (Kamler et al. 2012; IUCN 2014). Moreover, there remains a lack of 

information about how local herders perceive these carnivores and what factors influence 

their attitudes, which are fundamental components of understanding the conflict.  

Given these conditions, our research aimed to understand the complexities of human-

carnivore conflict in the NEPL NPA. To understand the complexities of the conflict, we 

measured local herders’ attitudes towards major carnivores – tigers and dholes – and 

assessed local herders’ perceived risk of these carnivores and associated factors 

influencing their attitudes. Based on this understanding, our research will not only help to 

identify effective conflict mitigation strategies that are relevant for each ethnic group in the 

NEPL NPA, but also provide a guide to approaching human-carnivore conflict in other 

places where such conflicts negatively affect both carnivore conservation and local 

livelihood.    

2. Materials and Methods 

2.1. Study area 

The Nam Et-Phou Louey National Protected Area (NEPL NPA) is well-known for its 

exceptional biodiversity, especially diverse carnivore species including tigers, dholes, 

leopards (Panthera pardus), Asian golden cats (Pardofelis temminckii) and clouded 

leopards (Neofelis nebulosa) (Duckworth et al. 1999; Johnson et al. 2006, 2009), although 

recent research indicates a decline in the tiger population (Johnson et al. 2016). Mostly 
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composed of mixed evergreen-deciduous forest, the NEPL NPA is divided into two zones: a 

3,206km2 Totally Protected Zone (TPZ) where access and extraction of natural resources 

are strictly forbidden, and an 1862km2 Controlled Use Zone (CUZ) where subsistent 

hunting and gathering are allowed (Johnson et al. 2016). The NEPL NPA traverses three 

provinces and nine districts (Figure 1.1).  Our study focused on Viengthong district 

(divided into Xone and Hiem districts in 2014), which covers 67% of the TPZ and had the 

highest number of livestock depredation reported. Among the total of 34 villages within the 

boundary of the NEPL NPA, 24 villages are located in Viengthong district, of which three 

are inside of the TPZ. Each village is composed of a single ethnic group. In addition to those 

official villages, there are unofficial settlements for raising livestock, called a “sanam” in the 

local language. Sanams are typically located within grazing areas which have no definite 

boundaries marked in the forest. Settlements in those sanams are mostly temporary and 

small (one or two hut-like structures), but they can be permanent and large. For instance, 

one sanam in our study has over twenty permanent settlements inside the TPZ. Permission 

to use sanams in this region are generally granted by district agricultural office (even the 

ones in the TPZ), although some of them are contrary to the NEPL NPA regulations 

developed by the district government in accordance with the Forestry Law (GoL 2007, 

2008). Sanam users may come from either the same village or different villages.  
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Figure 1.1 Locations of sanams and villages in the Nam Et-Phou Louey National Protected Area 

 
2.2. Data collection 

To assess local herders’ attitudes of carnivores as well as associated drivers of 

human-carnivore conflict in the NEPL NPA, we used a face-to-face interview with a 

structured questionnaire due to high adult illiteracy (43%) in this region (Gebbie et al. 

2008). The target population was livestock breeding families who raise large livestock, 

such as cattle and buffalos, in and around the NPA’s TPZ. We only focused on large livestock 

herders because they are the primary users of sanams where livestock depredation 

commonly takes place and are therefore the main stakeholders of human-carnivore conflict 

in the NEPL NPA. Among family members, we restricted a respondent to an adult over 18 

years old who is actually engaged in large livestock management. After the pilot survey 

with eight local herders in the NEPL NPA to ensure the clarity of the survey questions, two 
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trained Lao research assistants from National University of Laos conducted the survey in 

Lao language between May and August 2012. These two research assistants interviewed 

203 herders from 16 villages in Viengthong district. As different sanams in the NPA have an 

uneven risk of carnivore attack on livestock, we used stratified sampling with sanams as a 

subpopulation unit to fairly represent local herders across different sanams in the NPA. 

Then, we interviewed at least eight herders per sanam. In 15 cases fewer than eight users 

in a sanam were available, and we interviewed all available ones. The interviews covered 

35 sanams, including all eight currently used sanams inside the TPZ (Figure 1.1).  

Our survey obtained information about 1) the demographic and socio-economic 

status of respondents including affluence and livelihood activities; 2) the livestock 

management system such as characteristics of sanams and seasonal change of grazing 

practice; 3) interactions with wildlife especially focusing on livestock predation by 

carnivores; and 4) attitudes towards tigers and dholes (See Appendix A for the full 

questionnaire). We particularly targeted dholes and tigers because these two carnivores 

are responsible for large livestock depredation (Johnson et al. 2006). Compared with 

dholes, tigers are a very sensitive topic in our study area due to the strict law enforcement 

about poaching and illegal trade. Due to the sensitivity, we expected respondents to be less 

forthright with their answers about tigers for fear of being politically incorrect. Therefore, 

we asked more questions on tigers (6 questions) than dholes (2 questions) to assess local 

herders’ attitudes. In this way, we improved the validity of the answers about attitudes 

towards tigers. Unlike other socio-economic information, we acquired information on the 

ethnicity of each village from the Viengthong district agricultural office to avoid possibly 

politically sensitive questions to local people (Viengthong District Agricultural Office 2011). 
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We did not ask about education level because most of our target population did not receive 

any education. To estimate the wealth, we asked herders ownership of 17 fixed assets 

including dwelling construction instead of asking them the annual income.  

In addition to the interviews, we collected Global Positioning System (GPS) 

coordinates of each village and sanam using a Garmin GPS Map 62s handheld GPS and CuuB 

Location Plus A1 GPS. Because sanams had no defined boundaries, we recorded the 

locations where congregated cows and buffalos were observed.  

Data analysis 

We recorded all interview responses in a spreadsheet. We used dummy coding for 

categorical responses such as presence/absence of livestock loss and livelihood activities, 

and used continuous numbers for numerical responses such as age and number of livestock 

owned. To estimate the wealth, we converted fixed assets owned by respondents to 

monetary value (dollars) based on average market value of the products. We calculated 

attitude scores based on six questions for tigers and two questions for dholes, which were 

coded 1 (positive), 0 (neutral) or -1 (negative), and then combined. Therefore, the possible 

attitude scores ranged between -6 and 6 for tigers and -2 and 2 for dholes. To obtain the 

spatial attributes of sanams, we measured the distance between villages and sanams using 

ArcGIS 10.2. We estimated the size of sanams using GPS tracks collected from the field as 

well as satellite images from Google Earth version 7.1.2.2041 because sanams did not have 

officially defined boundaries. We layered collected GPS tracks and points on Google Earth, 

and estimated boundaries of sanams by reviewing terrain.  

We analyzed the interview and spatial data using R version 3.1.1 (R Core Team 2014). 

To assess differences among ethic groups, we used Chi-square tests, Fisher’s exact tests, 
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Kruskal-Wallis tests, and one-way Analysis of Variance (ANOVA) depending on data types, 

with a significance level of p<0.05. To assess factors affecting local herders’ attitudes 

towards tigers and dholes, we used multilevel regression with two levels because 

respondents were nested in sanams due to our survey design using a stratified sampling. 

The level-one unit was respondents, and the level-two unit was sanams.  

��� = ��� + ����	� + 
��  with 

��� =  ��� +  ���	 +  ��� , 

where Yi j is the attitude score of respondent i who use sanam j. In our study, Yi j represents 

either attitude score of tigers or attitude score of dholes. Xi j is the design vector containing 

the selected respondent characteristics, and β1 is the corresponding coefficient vector. The 

error term ri j is assumed to be independent and normally distributed with mean zero and 

variance ��
�, 
��~���(0, ��

�). In the level-two equation for the random intercepts, ��� is the 

average intercept across sanams and Sj is the vector of selected sanam characteristics with 

coefficient vector ��	. Finally, to account for multiple measurements on the same sanam, 

���  is an independent and normally distributed error term, ���~���(0, ��
�). 

We selected covariates firstly according to our research interest (ethnic group) and 

theoretical consideration such as age and wealth (Williams et al. 2002; McClanahan et al. 

2005; Røskaft et al. 2007; Smith et al. 2014; Thapa Karki & Hubacek 2015). We additionally 

reviewed covariates which were statistically significant from univariate regression 

(p<0.05). We then checked the collinearity among the selected covariates and sequentially 

deleted variables with the variance inflation factor (VIF) over 10. To compare the models 

for tigers and dholes, we kept the same covariates in the basic models. After completing the 

variable selection, we checked the interactions among selected variables and added 
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significant interactions to our models (Zuur et al. 2010). Then, we selected a parsimonious 

model with the lowest Akaike Information Criterion (AIC) through the likelihood ratio test 

with lme4 package in R.  

3. Results 

3.1 Respondents demographics and socio-economic status  

Among 203 respondents, 32.5% were Lao Loum, 50.7% were Lao Sung, and 16.7% 

were Lao Theung. The average age of respondents was 42.9 ± 12.7 (SD) years old with a 

range of 18~78 years old, and Lao Sung (38.5 ± 12.2) were significantly younger than Lao 

Loum (48.5 ± 10.7) and Lao Theung (45.6 ± 13.1) (ANOVA, df=2, p-value < 0.001). The 

majority of respondents (95.1%) were males because they normally take charge of large 

livestock management. The household size ranged from 3 to 25 people with a mean of 8.10 

± 3.6, and Lao Sung had notably larger family size (9.6 ± 4.0) than Lao Loum (6.9 ± 2.4) and 

Lao Theung (5.9 ± 1.8) (Kruskal-Wallis test, p-value < 0.001). 57% of respondents held a 

special social position within their communities, such as a head of a village, village 

policeman or village militia, and there was no difference among the ethnic groups.  

 While all respondents raised livestock, many of them also engaged in other 

livelihood activities, such as cultivating paddy rice and cash crops in upland fields, fishing, 

collecting Non-Timber Forestry Products (NTFPs), and gardening vegetables (Table 1.1). 

To a lesser extent, some respondents received a regular salary, engaged in hunting, and 

traded vegetables and NTPFs in a market. Regardless of multiple livelihood activities, the 

main income of all ethnic groups came from raising livestock and cultivating cash crops in 

upland fields. Among the three ethnic groups, Lao Loum were more actively participated in 

receiving a salary and fishing while Lao Theung engaged in gardening and Lao Sung focused 
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more on hunting and agriculture in upland fields. The level of dependency on their major 

income sources was also different. Lao Sung heavily relied on raising livestock, cultivating 

crops in upland field, and collecting NTFPs. However, Lao Loum and Lao Theung had more 

diverse income sources. The estimated median household wealth was USD 9,939 with 

significant variance among the ethnic groups (Kruskal-Wallis test, df=2, p-value < 0.001). 

Lao Loum were the wealthiest (Median = USD 15,922) followed by Lao Sung (Median = USD 

9,809) and Lao Theung (Median = USD 6,124).  
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Table 1. 1 Livelihood activities and main income sources of local herders in the NEPL NPA 

Livelihoods engaged (%) Main income sources (%) 

Livelihoods  
Lao 

Loum 
(n=66) 

Lao Sung 
(n=103) 

Lao 

Theung  
(n=34) 

Total 
(n=203) 

p-valuea Livelihoods  
Lao 

Loum 
(n=66) 

Lao Sung 
(n=103) 

Lao 
Theung  
(n=34) 

Total 
(n=203) 

p-value 

salary 0.36 0.14 0.15 0.21 <0.01 salary 0.26 0.08 0.12 0.14 <0.01 

trade 0.15 0.17 0.32 0.19 0.09 trade 0.09 0.07 0.03 0.07 0.52 

paddy field 0.98 0.89 0.88 0.92 <0.05 paddy field 0.17 0.01 0.09 0.07 <0.001 

upland field 0.64 0.90 0.79 0.80 <0.001 upland field 0.32 0.50 0.59 0.45 <0.05 

gardening 0.71 0.58 0.82 0.67 <0.05 gardening 0.15 0.06 0.29 0.13 <0.01 

NTFP 
collection 

0.76 0.68 0.68 0.70 0.52 
NTFP 

collection 
0.02 0.17 0.15 0.12 <0.01 

hunting 0.14 0.30 0.29 0.25 <0.05 
Livestock 

grazing 
0.52 0.88 0.24 0.66 <0.001 

fishing 0.83 0.60 0.76 0.70 <0.01 
      

a p-values are based on Fisher’s exact Test 
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3.2. Livestock management  

Herders in the NEPL NPA raised, on average, 20.8 ± 26.2 chickens, 1.1 ± 3.0 goats, 

4.3 ± 4.2 pigs, 6.6 ± 6.8 cows and 1.8 ± 2.6 buffalos per household. Particularly, Lao Loum 

raised fewer goats (0.45 ± 2.0) than Lao Theung (1.5 ± 4.4) and Lao Sung (1.4 ± 2.9), and 

Lao Sung had significantly more cows (8.2 ± 8.0) than Lao Loum (6.3 ± 5.2) and Lao Theung 

(1.9 ± 2.3) (Kruskal-Wallis Test, df=2, p-value < 0.01). To raise large livestock, 55.7% 

respondents changed grazing locations from sanams to paddy fields in a dry season from 

November through to April, while 42.4% respondents raised their livestock in the same 

sanams all year round. This livestock husbandry practice varied among the ethnic groups 

(Fisher’s exact test, p-value < 0.001). While the majority of Lao Sung (60.2%) raised their 

livestock only in the sanams, only 30.3% of Lao Loum and 11.8% of Lao Theung used the 

sanams all year round.  

Not only livestock management but also attributes of sanams differed among the 

ethnic groups (Table 1.2). On average, sanams of Lao Sung were the largest and had the 

fewest numbers of users, the most number of large livestock, and thus significantly higher 

density of large livestock than sanams of Lao Loum and Lao Theung. Furthermore, Lao Sung 

used sanams closest to the TPZ and had the most livestock depredation by both tigers and 

dholes.  
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Table 1. 2 Sanam characteristics of three ethnic groups 

Sanam Characteristics Lao Loum Lao Sung Lao Theung  Total p-valuea 

Number of users 19.76 (7.72)b 16.89 (8.22) 20.21 (11.20) 18.38 (8.73) 0.031 

 Size (ha) 148.12 (93.24) 614.34 (718.79) 30.59 (20.63) 365 (574.15) 2.20E-16 

Distance to the village (km) 3.22 (1.69) 5.16 (2.95) 2.0 (1.43) 4.0 (2.69) 1.93E-10 

Number of large livestock 155.56 (95.80) 185.99 (117.15) 60.21 (40.43) 155 (110) 2.29E-10 

Large livestock density (livestock/ha) 1.17 (1.07) 4.02 (4.93) 0.77 (0.76) 2.55 (3.87) 8.32E-12 

Distance to the TPZ (km) 2.46 (1.56) 0.72 (1.71) 1.85 (1.19) 1.47 (1.77) 2.20E-16 

Number of livestock loss by tiger/sanam 0.74 (0.66) 1.22 (3.49) 0.00 0.86 (2.55) 8.30E-07 

Number of livestock loss by dhole/sanam 17.78 (22.89) 24.83 (20.50) 0.24 (0.43) 18.41 (21.39) 3.31E-12 

a p-values are based on Kruskal-Wallis Test (df=2)  
b Mean value (Standard Deviation) 
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3.3. Livestock depredation by carnivores  

52.7% respondents reported the livestock loss by six carnivores, including tigers, 

dholes, leopards, clouded leopards, golden cats and civets, between 2007 and 2012. On 

average, each household lost 2.6 cattle and buffalos (range: 0~30), 0.4 pigs (range: 0~18), 

0.3 goats (range: 0~13) and 1.0 poultry (range: 0~30) per year by eight wildlife including 

the six carnivore species. 44.8% respondents experienced the large livestock loss between 

2007-2012, and except one case of a snake attack, local herders lost their large livestock by 

tigers and dholes. Between the two species, the respondents reported that dholes were 

responsible for 88.2% incidents of large livestock attack, while tigers were responsible for 

11.8%. Reported livestock loss was different among the ethnic groups (Kruskal-Wallis Test, 

df=2, p-value < 0.01). While 59.2% of Lao Sung and 42.4% of Lao Loum experienced large 

livestock loss, only 2.9% of Lao Theung lost large livestock between 2007 and 2012. 

Moreover, 61.2% of Lao Sung, 39.4% of Lao Loum, and 2.9% of Lao Theung experienced 

dhole attacks on their livestock, while 3.4% of Lao Sung, 7.6% of Lao Loum, and no Lao 

Theung experienced tiger attacks in the 5 years of the time period. Lao Sung lost, on 

average, 3.6 ± 5.6 large livestock from carnivore attack between 2007 and 2012, while Lao 

Loum and Lao Theung lost 2.4 ± 4.9 and 0.03 ± 0.17 large livestock, respectively.  

In all cases (n=12), local herders ascribed the attacks on their livestock to tigers 

based on tracks. Local herders identified the dhole attacks mostly based on tracks (51.6%), 

but also on observation of depredation (38.3%), and guesses (2.0%) or hearing from other 

people (8.1%). The grounds ascribing attacks to dholes were different among ethnic groups 

(Fisher’s exact test, p-value < 0.05). While Lao Loum primarily used tracks (60.0%), for Lao 
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Sung actual observation of depredation (44.9%) was as important as tracks (48.6%) to 

infer dhole attacks on their livestock (Figure 1.2).  

 

 

Figure 1.2 Evidence of major carnivore attacks perceived by local herders 

 
3.4. Attitude towards carnivores 

The top-ranked problematic wildlife to the local herders were dholes, followed by 

wild boars, tigers, and deer (Figure 1.3). However, differences among the ethnic groups 

were strong. While dholes were the primary concern to Lao Sung, both Lao Loum and Lao 

Theung ranked wild boars more negatively than dholes (Fisher’s exact test, p-value < 

0.001). Furthermore, deer were not a concern to Lao Sung but were identified as a 

significant problem to Lao Theung (Fisher’s exact test, p-value < 0.001). However, opinions 

about tigers were not different among the three ethnic groups (Fisher’s exact test, p-value 

= 0.51).       
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Figure 1.3 Most problematic wildlife for local herders 

 

Attitude scores of tigers and dholes reflected this perception. The respondents’ 

attitude scores of tigers ranged from -4 to 6 with average score of 3.36 (SD = 2.98), and the 

attitude scores of dholes ranged from -2 to 2 with average score of -0.80 (SD = 1.72). The 

attitude score of 0 referred to neutral attitude in both cases. On average, Lao Theung had 

the most positive attitudes towards tigers, with a mean attitude score of 4.86 (SD = 2.50), 

while Lao Loum and Lao Sung showed similar attitude scores of 3.05 (SD = 2.79) and 3.08 

(SD = 3.11) respectively (ANOVA, df=2, p-value < 0.01). Furthermore, Lao Theung had 

relatively positive attitudes towards dholes, with a mean attitude score of 0.67 (SD = 1.82), 

while Lao Loum and Lao Sung had similar negative attitude scores of -0.92 (SD = 1.56) and -

1.20 (SD = 1.52) (ANOVA, df=2, p-value < 0.01).  

 Basic attitude models of tigers and dholes were composed of five level 1 predictor 

variables and one level 2 predictor variable (Table 1.3). Among the six predictor variables, 
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ethnic group, wealth of the respondents, previous experience of livestock loss by tigers and 

perception that problem wildlife should be reduced were significant (p-value < 0.05) for 

the tiger basic model while ethnic group, age of respondents, previous experience of 

livestock of by dholes, perception that problem wildlife should be reduced and number of 

users in sanams were significant for the dhole basic model. Adding an interaction between 

ethnic group and experience of livestock loss only slightly improved (lower AIC) the basic 

dhole model but not the tiger model. According to the tiger model, attitude toward tigers 

was positively associated with Lao Theung compared to Lao Loum in ethnic group and 

wealth, and negatively associated with experience of livestock loss by tigers and negative 

perception on problem wildlife. On the other hand, attitude toward dholes was only 

positively associated with Lao Theung, and negatively associated with the age, experience 

of livestock loss by dholes, negative perception on problem wildlife, and the number of 

sanam users.            
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Table 1.3 Parameter Estimates for attitude models of tigers and dholes 

 Tiger basic 
Tiger with 

interactions 
Dhole basic 

Dhole with 
interactions 

 
Estimate 

(SE) 
p-value 

Estimate 
(SE) 

p-value 
Estimate 

(SE) 
p-value 

Estimate 
(SE) 

p-value 

Level 1         

Intercept 
-0.12 
(3.03) 

0.97 
-0.38 
(3.09) 

0.90 
2.50 

(1.54) 
0.11 

2.28 
(1.53) 

0.14 

Ethnic_Lao Sung 
-0.20 
(0.59) 

0.74 
0.09 

(0.66) 
0.89 

-0.55 
(0.25) 

0.03 
-0.31 
(0.47) 

0.51 

Ethnic_Lao Theung 
1.77 

(0.76) 
0.03 

1.99 
(0.87) 

0.03 
1.10 

(0.31) 
<0.001 

1.68 
(0.41) 

<0.001 

Age 
-0.02 
(0.02) 

0.26 
-0.02 
(0.02) 

0.25 
-0.02 
(0.01) 

0.01 
-0.02 
(0.01) 

<0.01 

Wealth 
0.67 

(0.28) 
0.02 

0.68 
(0.29) 

0.02 
-0.02 
(0.15) 

0.88 
-0.03 
(0.15) 

0.85 

Livestock loss * 
-1.07 
(0.43) 

0.01 
-0.41 
(0.77) 

0.60 
-0.97 
(0.24) 

<0.001 
-0.54 
(0.37) 

0.15 

Perception on 
Problem wildlife** 

-1.66 
(0.49) 

<0.001 
-1.68 
(0.49) 

<0.001 
-1.04 
(0.26) 

<0.001 
-1.08 
(0.27) 

<0.001 

Level 2         

Sanam User 
-0.02 
(0.03) 

0.39 
-0.03 
(0.03) 

0.39 
-0.03 
(0.01) 

0.01 
-0.03 
(0.01) 

<0.01 

Interactions         
Ethnic_Lao Sung : 

Livestock loss 
  

-1.01 
(0.96) 

0.29   
-0.36 
(0.52) 

0.48 

Ethnic_Lao Theung : 
Livestock loss 

  
-0.88 
(1.40) 

0.53   
-1.40 
(0.63) 

0.03 

AIC*** 994.08 996.98 726.43 725.46 

* Livestock loss refers to the previous experience of livestock loss by respective carnivores for each model  
** Perception on Problem wildlife refers to a belief that problem wildlife should be reduced 
*** AIC: Akaike Information Criterion  

 

4. Discussion and Conclusions  

Local herders’ perceived risk of carnivores was high in the NEPL NPA, as more than half 

of them said they experienced livestock loss to carnivores. Compared to the previous study 

of livestock depredation (2.1 cattle and buffalos per village per year) (Johnson et al. 2006), 

our study showed much higher livestock depredation rate (2.6 cattle and buffalos per 

household per year). This escalated livestock depredation possibly came from different 

purpose of the survey rather than actual increased in depredation. While the previous 

study focused on tiger attacks only, our study expanded depredation scope to all carnivore 
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attacks and dholes accounted 88% of the attacks. Consequently, perceived risk of dholes 

exceeded the risk of tigers and other carnivores. With relatively low perceived risk of 

tigers, local herders, across all three ethnic groups, showed the positive attitude toward 

tigers.    

However, a level of concern to the risk was different among three ethnic groups, and 

their attitudes towards target carnivores were also different. Lao Theung perceived the 

least risk of tiger and dhole attacks and had the most positive attitudes towards both 

carnivores, while Lao Loum and Lao Sung showed the higher perceived risk and less 

positive attitudes towards tigers and negative attitudes towards dholes. There was no 

significant attitude difference between Lao Loum and Lao Sung for either tigers or dholes. 

This ethnic difference was clear in the attitude models. 

 According to the tiger attitude model, (i) more affluent livestock herders who (ii) are 

Lao Theung (iii) without previous experience of tiger attack, (iv) do not believe that 

problem wildlife should be reduced, have more positive attitudes towards tigers. The 

wealthier local herders would have a higher tolerance because their livestock loss by tigers 

would lead to less economic hardship. As Lao Theung did not have tiger attacks between 

2007-2012, they would have the significantly more positive attitude toward tigers than Lao 

Loum or Lao Sung. Because tiger attacks have been infrequent in recent years, the negative 

opinion about problematic wildlife would shape the herders’ attitude as much as the actual 

experience of tiger attacks.  

Similar to attitude towards tigers, attitudes towards dholes were negatively associated 

with the perceived risk (previous experience of livestock depredation by dholes) and 

negative perception (a perception that problem wildlife should be reduced). To a lesser 
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degree, age and the number of users in a sanam also negatively influenced the attitudes 

towards dholes. Ethnicity affected the attitudes differently. Compared with Lao Loum, Lao 

Theung had positive attitudes while Lao Sung had negative attitudes. However, in case of 

having livestock depredation by dholes, Lao Theung showed significant intolerance. This 

could imply that increasing livestock depredation of dholes in sanams of Lao Theung would 

easily turn their current positive attitudes to negative. Notably, however, wealth did not 

influence the attitudes towards dholes. This difference could come from different 

frequencies of livestock loss by the two carnivores. Reported livestock loss from dholes 

was far more frequent than loss from tigers, and within these high incidents of livestock 

loss, wealth no longer seems to attenuate the intolerance.   

In sum, attitudes toward carnivores are largely shaped by a perceived risk of carnivore 

attacks and a negative perception about problem wildlife. Positive attitudes of Lao Theung 

would come from the experience of the least livestock loss while negative attitudes of Lao 

Sung would come from the experience of the most livestock loss. This different risk could 

be explained by different livelihoods and livestock management styles. Lao Theung had the 

fewest large livestock and raised them in small grazing areas near to the villages. Previous 

research confirmed that the risk of tiger attack increases with the distance from villages 

(Johnson et al., 2006). Therefore, the livestock husbandry practice of Lao Theung is less 

vulnerable to carnivore attacks. In addition, because their main livelihood was agriculture 

in upland fields, the perceived risk of deer and wild boar was higher than other ethnic 

groups. In summary, different livelihoods among the ethnic groups lead to different 

livestock management practices, and this difference further leads to exposure of different 

risk of carnivore attacks, which drives different attitudes towards the carnivores in conflict.  
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As the ethnic groups demonstrated clear differences with respect to livelihoods, 

perceived risk and attitudes, conservation strategies should consider these differences to 

improve the attitudes towards the carnivores and local engagement in conservation actions 

for mitigating human-carnivore conflict. For example, Lao Sung would be a good starting 

point to implement preventative measures to reduce the risk of carnivore attacks on large 

livestock such as improving livestock husbandry practice and raising livestock near to the 

village (Johnson et al. 2006). Because large livestock is the most important income source 

to Lao Sung, they would be more willing to try the method. During the interview with local 

herders in this study, some of Lao Sung expressed this inclination. On the contrary, a 

conservation strategy to Lao Theung can focus on encouraging them to continue the 

current livestock husbandry practice and implementing an outreach to emphasize the role 

of carnivores in regulating the prey populations which raid crops. Furthermore, 

considering the importance of perception of local herders about the problematic wildlife 

from both attitude models, a community outreach program that provides information of 

non-lethal methods for human-carnivore conflict would be an effective approach.  

As such, our research considers complexities of human-carnivore conflict by 

investigating socio-economic structure of local communities in conflict and suggests 

alternative approaches which reflect ethnic differences as well as other factors shaping 

local herders’ attitudes towards carnivores.  We expect that our study provides a good 

example of how the understanding human-carnivore conflict in a local context could help to 

develop effective mitigation strategies, which can be applied to other conservation projects 

worldwide.   
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Chapter 2 : Exploring conservation decision-making among local 

herders in the Nam Et-Phou Louey National Protected Area, Lao 

PDR    
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INTRODUCTION 

Understanding factors shaping preferences, beliefs, perceptions and attitudes with regard 

to wildlife is critical for designing effective conservation actions, especially when there are 

human-wildlife conflicts, as these factors directly or indirectly influence people’s decision-

making and behavior (Dickman 2010; Barua et al. 2013; Suryawanshi et al. 2013; Dickman 

et al. 2014). Survey questionnaires and interviews have been traditionally used to assess 

these factors (Kellert 1985; Wywialowski 1994; Conforti & De Azevedo 2003; Røskaft et al. 

2007; Lescureux et al. 2011; Karanth & Nepal 2012; TREVES et al. 2013; Dickman et al. 

2014). Although standard surveys enable the effective collection of quantitative data, their 

internal validity is sometimes questionable, particularly with respect to socially or 

politically sensitive topics. Similarly, self-reporting and inconsistent interpretations of 

questions by respondents can also lead to invalid and unreliable measurements (Frechtling 

2002; Johnson & Christensen 2004).  

Hunting of legally protected wildlife is often a sensitive topic to local communities 

living in and around protected areas in developing countries, especially when community 

members are involved in poaching. Tigers (Panthera tigris) in the Nam Et-Phou Louey 

National Protected Area (NEPL NPA) in northern Laos are no exception (Fig. 2.1). Although 

tigers are globally and nationally protected animals, the tiger population in the NEPL NPA 

has declined due to commercial poaching and prey depletion (Johnson et al. 2016). 

Conservation actions, such as law enforcement and public outreach, have focused on 

protection of tigers in the NPA. Given the strictly protected status of tigers and the active 

law enforcement to stop illegal hunting, issues with respect to tigers have become an 

extremely sensitive topic in this area. Despite the conservation efforts, it has been reported 
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that local people may use livestock carcasses as bait for poaching tigers and use access to 

livestock grazing areas inside the NPA as a means for bringing guns into the area for 

hunting (Johnson et al. 2006). The reports suggest a close relationship between grazing and 

tiger poaching. To date, research has not been sufficient to understand this relationship. It 

is unlikely that local people will comfortably reveal their negative experience or views on 

tiger conservation in such a political setting. Thus, a traditional survey questionnaire is 

likely to be less reliable for eliciting local people’s opinions or experiences about using 

grazing areas for poaching tigers because corresponding questions might produce only 

politically correct answers. 

 

 

 

Figure 2.1 Study Area, showing the villages and grazing areas in the 

Nam Et-Phou Louey National Protected Areas 
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As an alternative to the traditional questionnaires in survey research, vignette 

experiments have been a prominent tool in the social sciences and in nursing research to 

elicit respondents’ beliefs and judgments (Alexander & Becker 1978; Hox et al. 1991; 

Sniderman & Grob 1996; Ludwick & Zeller 2001; Hughes & Huby 2002; Taylor 2005; Jasso 

2006; Atzmüller & Steiner 2010; Auspurg & Hinz 2015). A vignette is a short description of 

a hypothetical scenario constructed from predetermined attributes that are of interest to 

the researcher. A vignette experiment employs a whole population of vignettes, which is 

generated by factorially varying the values of all attributes. Sets of vignettes are then 

presented to respondents in order to elicit their preferences, judgments, or anticipated 

behaviors with respect to hypothetical scenarios (Alexander & Becker 1978; Rossi 1979; 

Atzmüller & Steiner 2010). Compared with traditional survey questionnaires, vignette 

experiments are frequently considered as better suited for assessing attitudes and beliefs 

because they allow for a simultaneous assessment of multiple factors in a highly 

contextualized setting. In this sense, vignettes are less abstract than standard survey 

questions (Alexander & Becker 1978; Rossi 1979; Ludwick & Zeller 2001; Hughes & Huby 

2002; Atzmüller & Steiner 2010). Vignette experiments also have the potential to minimize 

social desirability bias because, if properly implemented, respondents are less likely to 

discern the researcher’s intention (Alexander & Becker 1978; Ludwick & Zeller 2001). 

Furthermore, vignettes are frequently more effective for the investigation of sensitive 

topics because responding to a hypothetical scenario is less intimidating than being 

directly asked about one’s own actual behaviors, experiences, or opinions. The 

presentation style for vignettes is also highly flexible. Depending on the study’s goal and 

the experimental situation, vignettes can be presented as texts, pictures, cartoons, audios, 
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or videos (Burstin et al. 1980; Atzmüller & Steiner 2010; Rungtusanatham et al. 2011; Caro 

et al. 2012; Atzmüller & Kromer 2013, 2014; Hillen et al. 2013; van Vliet et al. 2013). 

Regardless of these numerous advantages, vignette experiments have been rarely if ever 

used in wildlife conservation research.  

In this article we describe a vignette experiment that investigates human-tiger 

conflict in the NEPL NPA. Our research aimed to understand factors that influence local 

people’s selection of grazing areas. We particularly focus on the design and analysis of a 

vignette experiment for assessing people’s preference for grazing areas that are in close 

proximity to tigers and their prey. We illustrate how the results from the vignette 

experiment increased our understanding of grazing area preferences, and thus can help 

conservationists to design more effective and locally acceptable strategies to prevent 

human-tiger conflict.  

STUDY AREA 

The Nam Et-Phou Louey National Protected Area (NEPL NPA), established in 1993, is 

composed of two management units including a 3,206 km2 Totally Protected Zone (TPZ) 

and a 1,862 km2 Controlled Use Zone (CUZ; Fig. 2.1). The NPA regulations prohibit any 

human activity in the TPZ in order to protect the source populations of endangered wildlife, 

especially tigers, while subsistence agriculture and hunting of less threatened wildlife are 

allowed in the CUZ (GoL 2007). There are approximately 127 villages with a total of 30,000 

people in and adjacent to the CUZ (World Bank 2012). Although the Lao government has 

actively relocated remote villages in the NPA closer to roads outside the TPZ (Schlemmer 

2002; World Bank 2012), the original grazing areas around old village sites within the TPZ 

have remained in use due to a lack of suitable grazing land in the relocated areas. Under 
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this situation, local people have reportedly lost 2.1 large livestock on average per village 

per year to tigers (Johnson et al. 2006). This livestock depredation, which is the result of 

unsupervised livestock grazing in tiger habitats, has led to retaliatory killing of tigers and 

may also have provided opportunities for poaching tigers (Johnson et al. 2006).  

METHODS 

Design of the Experimental Vignette Study 

Designing a vignette experiment first requires the identification of the vignette factors (also 

called situation characteristics) and the corresponding factor levels that are relevant for 

the research question. After consultation with local people and community experts in the 

NEPL NPA about the local livestock management, we selected three factors that strongly 

determine local people’s grazing area preference and two factors representing the 

relationship between grazing areas and wildlife. The five factors were 1) quality of grass in 

the grazing area (G), 2) distance between the grazing area and agricultural land (A), 3) 

distance between the grazing area and a village (V), 4) distance between the grazing area 

and tiger prey (P), and 5) distance between the grazing area and large carnivores (C). Each 

factor had two levels: ‘good’ and ‘poor’ for the grazing quality, and ‘close’ and ‘distant’ for 

the four distance-related factors A, V, P, and C (Table 2.1). Thus, with two factor levels for 

each factor, the full factorial combination of all five factors resulted in a vignette population 

of 25 = 32 vignettes describing 32 different types of grazing areas.  
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Table 2.1 Vignette factors and factor levels used in the vignette experiment 

Factors Factor levels  

Quality of grass in the grazing area (G) Poor Good 

Distance between agricultural land and the grazing area (A) Near Distant 

Distance between village and the grazing area (V) Near Distant 

Distance between prey and the grazing area (P) Near Distant 

Distance between carnivores and the grazing area (C) Near  Distant  

 

If each respondent would assess all 32 vignettes, then we could estimate all five 

main and 26 two-way and higher-order interaction effects of the five factors. However, 32 

vignettes are too many to be reliably assessed by a respondent. Thus, in order to reduce the 

number of vignettes per respondent, we systematically partitioned the vignette population 

into eight subsets of four vignettes according to a randomized block confounded factorial 

design (Atzmüller & Steiner 2010). Appendix B contains the assignments of vignettes to 

sets. Respondents can easily assess four vignettes, while we still can estimate all five main 

effects and most of the two-way and higher-order interaction effects. Only two two-way 

interactions (A×P and G×C) and five higher-order interactions (A×G×V, A×C×V, G×P×V, 

C×P×V, and A×C×G×P) were confounded with the set effect. Due to the confounding, these 

interaction effects cannot be separated from potential set effects (i.e., context effects 

induced by the specific combination of the four vignettes). Given that we were mostly 

interested in the main effects, the confounding of two-way and higher-order interaction 

effects does not compromise the investigation of our research question. 
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Considering the rate of adult illiteracy (43%) in the area (Gebbie et al. 2008) and 

local people’s apathy to repeated conventional questionnaire-based interviews by different 

conservation and rural development organizations working in this region, we decided to 

use a visual-based form of vignettes instead of text. We employed sketch vignettes drawn 

by local students that, as we found out, were better understood by local people than 

realistic photos or more abstract pictograms with which they are unfamiliar. Since the 

sketches reflected the actual local environment, such as the shape of houses, types of crops 

in the agricultural land, and the local species of carnivores and prey, they minimized the 

discrepancy between the respondents’ actual situations and the hypothetical scenarios 

represented in the vignettes. Since four of our factors represented distal relations with 

respect to the grazing area, we set up the sketch vignettes as symbolic maps. Figure 2.2 

shows the four vignettes of set 1. The first vignette (top left) represents the scenario where 

the grazing area, represented by the cow grazing, is distant to carnivores but close to a 

village, prey and agricultural land. The quality of the grazing area is poor as symbolized by 

the few tufts of grass. In the second vignette (top right) the grass quality is good, while the 

grazing area is close to the village but also close to carnivores and distant to agricultural 

land and prey. As can be seen from the sketch vignettes, they also encode distal 

relationships other than the one to the grazing area, for instance, the distance between the 

village and carnivores or the agricultural land and prey. Since these distal relationships 

were not of importance to us, we did not systematically vary them. Although these relations 

might have affected the assessment of the vignettes, corresponding effects are presumably 

small because the interviewers verbally explained each vignette, particularly the grazing 

area’s distal relationships, while all other distal relationships (unrelated to the grazing area) 
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were not mentioned. Although we were primarily investigating the relationship between 

local people’s grazing area preference and tigers, we included both dhole (Cuon alpinus) 

and tiger in the sketches instead of tiger alone. The reasons for this were: i) to avoid the 

possibility that respondents could easily guess the intention of our study’s focus and, thus, 

provide socially desirable answers, and ii), to more realistically represent the situation in 

the NPA where dholes are a relatively abundant large carnivore (Duckworth et al. 1999; 

Kamler et al. 2012).  

 

 

Figure 2.2 An example of a sketch vignette set 1. Vignette 1 on the top left picture presents a grazing area with 

poor quality of grass, near to a village, agricultural land and prey, and far from carnivores. 
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Implementation of the Vignette Experiment  

Between May and August, 2012, we conducted the vignette experiment with livestock 

breeding families raising cattle or buffaloes in and around the TPZ of the NEPL NPA in 

Viengthong district, which covers 68.9% of the TPZ (Fig. 2.1). Our target population of 

herding families has had conflicts with tigers, which can greatly affect the outcomes of tiger 

conservation actions. Because grazing areas are the main location of this conflict, we 

stratified the herding families according to the different grazing areas to obtain a good 

representation of our target population. The strata refer to 35 grazing areas, including all 

eight identified grazing areas inside the TPZ and 27 grazing areas in close proximity to the 

TPZ (Fig. 2.1). For each stratum (grazing area), we aimed at sampling eight herding families 

because this allowed us to have all eight vignette sets represented in each subpopulation. 

However, 43% (15/35) of grazing areas had less than eight herding families. In these areas, 

we interviewed all the herding families (ranging from 1 to 9 families, with a median of 6). 

In order to approximately balance the number of observations per vignette set, we started 

the vignette experiment in an area either with vignette set 1 or set 8 and then worked 

through the sets forwards or backwards, respectively. Since we neither had a list of herding 

families nor knew the number of families in each stratum, we used snowball sampling 

instead of random sampling (Goodman 1961). That is, after the end of an interview, the 

interviewed respondent named another family of the village who used the same grazing 

area. Once a family was identified for an interview, the interviewers selected a volunteering 

respondent, either male or female, among the family members who had to be at least over 

18 years of age and actually engaged in large livestock management.   
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In our vignette experiment, we used both ranking and rating to assess respondents’ 

preference for a hypothetical grazing area. At the beginning of the vignette experiment, 

each respondent received all four vignettes of the assigned set in random order. Then, the 

interviewer asked the respondent to rank the four vignettes according to the preference. 

After the respondent completed the ranking, the interviewer recorded the ranks, shuffled 

the vignettes, provided one vignette at a time, and asked the respondent to rate the 

vignette on a continuous rating scale. We separated the ranking and rating procedure in 

order to prevent respondents from immediately recalling their rank order, and thus to 

verify the consistency of the ranking and rating outcomes. Since local people are not 

familiar with expressing their opinions on a numerical scale for rating, we provided 

respondents with a picture of an empty ruler with smileys at the endpoints of the scale: a 

sad face at one end and a smiling face at the other end. For each vignette, interviewers 

asked the respondents to pick one point in between according to their preference. Later, 

we scaled the continuous measure to a range from 0 to10, with 0 referring to the least 

preferred (sad face) and 10 to the most preferred grazing area (smiling face).  

Before conducting the vignette experiment, interviewers collected background 

information on respondents, including their socio-economic status and their previous 

experience of wildlife-caused damage. In addition, we acquired information about the 

ethnicity of each village from the Viengthong district agricultural office (Viengthong 

District Agricultural Office 2011). Collecting respondent characteristics is important for the 

analysis of the experimental vignette data because they help in explaining differences 

across subgroups of respondents. 
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We had two Lao research assistants from National University of Laos who 

conducted the interviews and implemented the vignette experiment in Lao language. The 

two research assistants were trained over two weeks (half-days) until they fully 

understood the goal and the process of the experiment and survey. The training included 

basic interviewing skills for the survey, assigning vignette sets to respondents, and 

explaining the vignettes experiment including the ranking and rating tasks. In a small pilot 

study, we tested the eight vignette sets with eight herders from one of the villages in the 

NEPL NPA. In particular, we assessed the respondents’ understanding of the vignettes to 

ensure the experiment’s validity. All eight respondents easily understood the sketches and 

comfortably ranked and rated the vignettes.  

Statistical Analysis  

The analysis of vignette data typically involves an Analysis of (Co)Variance (ANCOVA) or a 

multilevel regression (Rossi 1979; Farrow 1987; Carlson 1999; Atzmüller & Steiner 2010; 

Caro et al. 2012). In our study, we used multilevel regression with vignettes as level-one 

units and respondents as level-two units which takes care of the multiple measurements 

per respondent (i.e., the correlated error structure). Multilevel regression provides a 

parameter estimates for the vignette factors and their interactions as well as 

corresponding significance tests. We first estimated the following random intercept model: 

��� = ��� + ����	� + 
��  with 

��� =  ��� +  ������	 + ���� + ���� +  ��� , 

where Yi j is the grazing area preference for vignette i judged by respondent j. In our study, 

Yi j represents either the ranked preference or the rated preference of the grazing area. Xi j 

is the design vector containing the vignette-related predictors for all main and interaction 
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effects (except the confounded ones), and β1 is the corresponding coefficient vector. The 

error term ri j is assumed to be independent and normally distributed with mean zero and 

variance ��
�, 
��~���(0, ��

�). In the level-two equation for the random intercepts: ��� is the 

average intercept across respondents; setj is the vector of set indicators with coefficient 

vector ��	; Sj is the vector of stratum dummies (grazing areas) with coefficient vector ���; 

and Zj is the vector of selected respondent characteristics with coefficient vector �� . 

Finally, to account for multiple measurements on the same respondent, ���  is an 

independent and normally distributed error term, ���~���(0, ��
�). 

 In addition to the random intercept model, we also tested a random intercept and 

slope model for two vignette factors, distance to carnivores (C) and distance to prey (P). 

Compared with the random intercept model, the random slope model has an additional 

error term for each random slope, �	� =  �	� +  �	�  where �	�~���(0, ��	
� ). The random 

slopes allowed us to assess the heterogeneity of people’s preferences. In both models, we 

used deviation coding for the five vignette factors and used dummy coding for the vignette 

sets. A value of -0.5 was assigned to the level “Near” and “Poor”, and a value of 0.5 was 

assigned to the level “Distant” and “Good” of the respective vignette factors. Thus, positive 

coefficients indicate the preference for grazing areas that are distant to a village, 

agricultural land, carnivores, and prey, and the preference for a good grass quality. For 

estimating the effects we used the lme4 package in R (R Core Team 2014).  

RESULTS 

A total of 203 herding families using 35 grazing areas participated in the vignette 

experiment without any refusal. Altogether, respondents rated 203 × 4 = 812 vignettes. The 
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random intercept and slope model fitted the data better than the random intercept model 

(ANOVA, p-value <0.001), and the multilevel models for the ranked preference and rated 

preference showed consistent results for both main and interaction effects. Therefore, we 

only present the estimated random intercept and slope model for the rated preference 

(Table 2.2). Our final multilevel model did not contain any respondent characteristics 

because no such variables were statistically significant (t-value < 2). Our model 

demonstrates that local people preferred grazing areas having good quality grass (G), in 

close proximity to a village (V), but far away from agricultural land (A) and carnivores (C) 

(Table 2.2). Especially, the quality of grass (G) and distance to carnivores (C) influenced the 

preference. On the preference scale from 0 to 10, the quality of grass and the distance to 

carnivores significantly affected the preference of the grazing area by 2.62 and 2.30 points, 

respectively. To a lesser extent, local people favored grazing areas far from agricultural 

land (A, 0.42 points) and close to the village (V, -1.37 points). Distance to prey (P), which 

showed a slightly negative effect on preference, failed to reach statistical significance (t 

value < 2). One three-way interaction (GxCxV) and one four-way interaction (AxPxGxV) 

showed marginal significance, indicating that herders would be willing to accept a larger 

distance between the grazing area and the village if the grass quality is good and tigers are 

far away (GxCxV), and similarly for the four-way interaction. For the random effects of our 

model, the standard deviation of the slopes for distance to carnivores (C) and distance to 

prey (P) were 1.86 and 0.47, respectively. This indicates that the importance of the grazing 

area’s distance to carnivores varies considerably across respondents (the 95% probability 

interval for the slope of distance to carnivores includes negative, -1.42, to strongly positive 

slopes, 6.02). Among the eight vignette sets, the preference score was slightly higher in 
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vignette set 6 and 7 by 0.86 and 0.84 respectively, than vignette set 1 (reference set). In 

addition, some grazing areas (13 out of 35) had significantly lower preference scores 

compared to the reference grazing area. (See the Appendix C for the parameter estimates of 

grazing areas in the random slope model)  
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Table 2.2 Parameter estimates for the preference of grazing areas in the random-slope model. 

  Coef.a SE  t value 

Intercept  6.92 0.84 8.22 * 

Set2 0.60 0.34 1.77 

Set3 -0.32 0.34 -0.94 

Set4 0.39 0.34 1.17 

Set5 0.60 0.33 1.79 

Set6 0.86 0.33 2.57* 

Set7 0.84 0.34 2.45* 

Set8 0.54 0.33 1.63 

Ab 0.42 0.16 2.55 * 

Vb -1.37 0.16 -8.48 * 

Pb -0.24 0.16 -1.46 

Cb 2.30 0.21 11. 07* 

Gb 2.62 0.21 12.62 * 

A x V 0.13 0.42 0.32 

V x P -0.22 0.42 -0.54 

A x C 0.02 0.32 0.07 

V x C 0.48 0.33 1.47 

P x C -0.07 0.32 -0.23 

A x G -0.15 0.32 -0.45 

V x G 0.23 0.33 0.69 

P x G 0.19 0.32 0.60 

A x V x P -0.64 0.65 -0.99 

A x P x C 0.42 0.83 0.50 

A x P x G 0.99 0.83 1.19 

A x C x G 0.57 0.66 0.86 

V x C x G 1.57 0.65 2.43 * 

P x C x G 0.58 0.66 0.88 

A x V x P x C -0.84 1.32 -0.64 

A x V x P x G  3.12 1.32 2.37 * 

A x V x C x G  -1.05 1.66 -0.63 

V x P x C x G -0.24 1.66 -0.14 

A x V x P x C x G  4.20 2.58 1.63 

SD of Random intercept 0.07   

SD of Random Slope for C 1.86   

SD of Random Slope for P 0.47   

SD of Level-one 2.30   

The stratum effects for the grazing areas are not shown in the table, but some are significant 

a Abbreviation: Coef., Coefficients of the model 
b Abbreviation: A, Distance between agricultural land and grazing area; V, Distance between village and 
grazing area; P, Distance between prey and grazing area; C, Distance between carnivores and grazing area; G, 
Quality of grass in grazing area  
* Significant t value of two-tailed t-test with 0.05 significance level (t value > 2).  
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DISCUSSION 

Livestock depredation by carnivores is the most common type of human-carnivore conflict 

worldwide. It is often associated with inadequate livestock management, such as 

unattended livestock grazing in protected areas (Breitenmoser 1998; Wang & Macdonald 

2006; Kinnaird & O’Brien 2012; Soh et al. 2014). Especially, when grazing areas overlap 

carnivore habitats, livestock depredation is inevitable and pastures become a core of the 

conflict. However, implementation of methods preventing livestock loss by carnivores is 

not simple in practice because actual implementation and maintanance of such methods 

are largely dependent on livestock owners' willingness to adopt those methods 

(Breitenmoser et al. 2005; Goodrich 2010). Yet, regardless of the risk of carnivore attacks 

on livestock, local people can be reluctant to change their livestock husbandry practices for 

reasons such as hesitancy to try unfamiliar methods or to add more labor to livestock 

management. Therefore, in order to change the local people’s livestock management 

practices, comprehensive understanding of local people’s grazing area preferences is 

fundamental.  

The findings from our vignette experiment provide us with a clearer understanding 

of the relative importance of factors that local herders consider when selecting grazing 

areas. This understanding is critical for designing effective NPA management strategies to 

reduce human-tiger conflict. In contrast to our research hypothesis, our results suggest that 

local herders in the NEPL NPA did not favor grazing areas with large carnivores in close 

proximity. Furthermore, accessibility of prey in grazing areas did not significantly influence 

the local herders’ grazing area selection. These results imply that in general local people 

tend to avoid large carnivore depredation of livestock and largely do not intend to use 
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grazing areas to hunt tigers, dholes or their prey. Nonetheless, these average effects do not 

imply that all local herders are inclined to avoid carnivores in their grazing areas nor that 

all do not prefer grazing areas having carnivores and prey nearby. The large standard 

deviation of the random slope for distance to carnivores in the random slope model 

demonstrated that some herder groups would indeed prefer carnivores close to their 

grazing areas. This result supports current conservation strategies in the NEPL NPA to 

relocate grazing areas in TPZ to areas outside of the TPZ as well as active law enforcement 

to stop poaching. Particularly, more intensive patrolling is recommended around grazing 

areas where herders chose grazing areas in the proximity of carnivores.  

In addition, improving current livestock husbandry practices is critical in order to 

prevent carnivore attacks on livestock. When current efforts to remove livestock from the 

TPZ have limited success due to a lack of herders’ cooperation, the results of our vignette 

experiment provide alternative approaches that may increase their acceptance. The most 

important component of these approaches is successful demonstrations by local herders of 

how new practices can improve the quality of livestock forage and protect livestock from 

carnivore attacks by keeping livestock near villages. These approaches will prevent local 

herders from needing to go back to their livestock grazing areas in the TPZ because of 

inadequate grazing conditions in relocated grazing areas. During the survey, we observed a 

few families who independently began to graze large livestock in close proximity to their 

villages due to frequent livestock loss by carnivores but who may possibly encounter a 

problem of insufficient forage in the near future. These families could be an excellent target 

group for piloting the new livestock management practices and serve as a role model to 

other herders.  
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While vignette experiments are a powerful survey tool to increase the credibility of 

responses in sensitive topics, the design and implementation of the experiment needs care. 

One of the major issues arises from the hypothetical setting that mimics the real world. 

Vignette experiments try to assess respondents’ real-life behavior using hypothetical 

scenarios of real-life situations. Yet, it is possible that the responses to the hypothetical 

scenarios differ from the actual judgments in real-life events (Ludwick & Zeller 2001). Also, 

if vignettes fail to appropriately represent reality, the results of the vignette experiment 

would not be valid. Therefore, researchers must carefully select vignette factors to fit real-

world decision-making processes (Ludwick & Zeller 2001). Our sketch vignettes seemed to 

well represent the local environment, and all respondents easily understood the context of 

each vignette. The analysis of the vignette data confirmed the consistency of the results 

with local people’s real-life decisions. The preference for grazing areas that are far from 

agricultural cropland is consistent with the current agricultural practices that we observed 

- separating livestock from cropland to protect crops from livestock. Moreover, preference 

for good quality grass is also well reflected in concerns about overgrazing in the current 

grazing areas, which respondents expressed during the field study. The consistencies of our 

results with the herders’ real-life decisions support our belief that the results with regard 

to the distance of tigers and their prey are valid. 

In our study design, however, presence of a dhole in the sketches together with a 

tiger could possibly have affected the local people’s grazing area preference regarding the 

proximity to tigers. Previous studies revealed that the main diet of dholes in the NEPL NPA 

is wild ungulates (Kamler et al. 2012), but  a significant number of herders reported 

livestock loss by dholes during the interview. That is, fear of dhole attack on livestock could 
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hinder the favor to the presence of tiger in close proximity. However, we believe that it 

would not significantly influence the herders’ preferences regarding distance to tigers 

because the potential economic gain from tiger poaching is far greater than the opportunity 

costs of losing livestock to dholes. Some exploratory analysis of the vignette data also 

showed that previous experience of livestock loss by dholes, one of the measured 

respondent characteristics, did not affect the preference for grazing areas.  

Despite the above-mentioned concerns, our results strongly suggest that vignette 

experiments are a promising instrument to understand people’s preferences and 

judgments. With careful design and implementation, a vignette experiment embedded in a 

traditional survey can increase both external and internal validity. Vignette experiments 

are especially useful for research that involves socially and politically sensitive topics such 

as wildlife consumption, poaching, and trafficking. They also can serve as an effective 

alternative to traditional survey questionnaires, particularly when respondents have 

difficulties in understanding abstract (less contextualized) questions than context-rich 

representations of hypothetical real-life scenarios. Due to the flexibility and efficiency of 

vignette experiments, vignettes are widely applicable to wildlife conservation research, 

from assessing people’s judgments on species or conservation policies to assessing 

potential behaviors in response to conservation management and interventions.      

 

 



 

 

48

Chapter 3 : Developing a conceptual framework for Amur Leopard 

restoration in South Korea    
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INTRODUCTION 

In the 20th century, all large carnivores, except Asiatic black bears (Ursus thibetanus 

ussuricus), vanished from South Korea primarily due to massive overharvesting and habitat 

destruction, especially during the Japanese colonial era (1910-1945) and the Korean War 

(1950-1953) (Ministry of Environment 2006; Endo 2009; Lee et al. 2013). Among 

predators, Bum, which collectively refers to both tigers and leopards in the Korean 

language due to their similar appearances, particularly has had a special relationship with 

Koreans. Reflecting 5000 years of coexisting history, Bum can be found from the origin 

myth of Korea as well as in hundreds, if not thousands, of folk tales, old sayings, sculptures 

and paintings (Lee et al. 2013). Probably, Bum has been one of the most popular subjects in 

Korean culture and society. Despite their ecological absence (tigers since 1924 and 

leopards since 1970), their cultural importance has not diminished. For example, the 

mascot of the 1988 Seoul Olympics was a tiger, and Koreans still describe the shape of the 

Korean peninsula as a tiger roaring at the continent. Regardless of their long absence, both 

species are still listed in the Korean endangered species list (Ministry of Environment 

2005).  

Although Korean tigers and leopards no longer exist in South Korea, they have not 

been completely wiped out in the wild. They are the same species as the currently 

endangered Amur tiger (Panthera tigris altaica) and Amur leopard (Panthera pardus 

orientalis), which survive in the Russian Far East and Northeast China (Lee et al. 2012; 

IUCN 2014; Miquelle 2015; Qi et al. 2015). This fact has led some politicians and advocates 

to unsuccessful attempts to reintroduce wild tigers in South Korea, mostly motivated by 
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nostalgia, potential economic benefit, and the desire of political popularity but with little 

evidence (Cho 2008; Kim 2010; Seeley & Skabelund 2015). But a recent feasibility study of 

tiger reintroduction tentatively concluded that tiger restoration in South Korea is 

extremely difficult due to the lack of suitable habitat to accommodate viable tiger 

populations and the high potential of human-tiger conflict (Lee et al. 2013). The Lee’s study, 

instead, opened the discussion regarding leopard restoration in South Korea. Unlike Amur 

tigers that retain extensive and exclusive home ranges (384km2 for tigress), Amur leopards 

keep nonexclusive and smaller home ranges (33~139km2 for a female leopard) 

(Salmanova 2008; Goodrich et al. 2010; Lee et al. 2013; Spitzen et al. 2013). Amur leopards 

are also expected to cause less conflict with humans than Amur tigers due to their smaller 

body size and lower energy requirements (Goodrich et al. 2011; Spitzen et al. 2013). 

Furthermore, the critically endangered status of Amur leopards calls for compelling 

conservation actions (IUCN 2014).  

Reintroduction is a useful conservation tool to rebuild a viable population of (locally) 

extinct species in their original ranges. However, it can be very challenging (IUCN/SSC 

2013). The reintroduction of large carnivores is highly complex, requires immense 

financial, human and technical resources and time, and has had a low chance of success so 

far (Breitenmoser et al. 2001; Hayward et al. 2007; Jule et al. 2008; Macdonald 2009; 

IUCN/SSC 2013). Therefore, reintroduction should be carefully considered and planned. 

For a reintroduction to be successful, it requires a systematic approach in its planning to 

thoroughly review potential ecological and social factors influencing the reintroduction as 

well as to disclose uncertainties underlying those factors in order to maximize success with 

limited resources (Pressey et al. 2007; Rondinini & Boitani 2007; Margoluis et al. 2009; 
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Grantham et al. 2010). To facilitate the selection and design of effective conservation 

strategies, conservation researchers and practitioners have developed several strategic 

planning frameworks in recent decades (Margules & Pressey 2000; Salafsky et al. 2002; 

Sutherland et al. 2004; Stem et al. 2005; McCarthy & Possingham 2007; Pressey et al. 2007; 

Kapos et al. 2008). One of these comprehensive frameworks is the Conservation Measures 

Partnership (CMP)’s Open Standards for the Practice of Conservation (OS) (CMP 2013). The 

OS is a strategic conservation planning tool that uses an adaptive management approach to 

enhancing effectiveness and efficiency of conservation projects (Schwartz et al. 2012; CMP 

2013). The Miradi Software Program (Miradi) was developed to visualize and document 

the OS process.  

Although reintroduction of Amur leopard in South Korea has been considered, there 

has been no comprehensive effort to systematically review the potential or process of the 

reintroduction. This resulted in insufficient understanding of the current situation and 

futile discussions. Therefore, with the urgent need of a systematic approach, we developed 

a conceptual framework using the OS and Miradi in this study to assess the current and 

future situations and thus to increase the success and effectiveness of Amur leopard 

restoration in South Korea (Miradi 2016). To develop a conceptual framework, we 1) 

clarified the scope, vision, and conservation targets of the restoration project, 2) assessed 

the current status of the targets, 3) assessed direct threats to the targets and identified 

associated contributing factors, 4) developed a diagram-based conceptual model to 

graphically illustrate the planning rationale and process, and 5) prioritized restoration 

strategies to mitigate major direct threats. We use the results from this conceptual 

framework to define research gaps, such as status of targets and direct threats, that need to 
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be addressed in the process of restoration; to facilitate the communication among project 

stakeholders including decision makers, donors and partners to explicitly understand the 

overall perspective and complexities of the leopard restoration; to carefully estimate the 

feasibility of the restoration; and to determine parameters of what is needed to successfully 

restore Amur leopards in a systematic way. Furthermore, the framework also provides a 

good example of the systematic planning process to other potential and current 

conservation and restoration projects worldwide.  

METHODS 

Study Area  

The geographic scope of our project was the potential leopard habitat around the southeast 

region of the Korean Demilitarized Zone (DMZ) in South Korea (Figure 3.1). The DMZ has 

served as the de facto border between South and North Korea since the Korean War. 

According to the agreement, the DMZ is supposedly about 4km wide, 2km north and south 

from the Military Demarcation Line, which is about 992km2, but its current width is as 

small as 0.7km. Although little is known about the ecology of the DMZ due to its 

inaccessibility, there has been a high expectation for the DMZ’s potential as a reservoir of 

biodiversity in Korea. The DMZ region of South Korea includes the DMZ, Civilian Control 

Zone (CCZ) and 10 neighboring counties. It is divided into 5 different landscapes – eastern 

coastal area, eastern mountainous area, central wetland area, western plain area, and 

western Han River estuary area. In our study, however, we excluded the DMZ from the 

project scope due to the current inaccessibility and high uncertainty of the future condition 

of this area even though we still call our study area the DMZ region. No action is allowed 
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within the DMZ without agreement between North and South Korea, and it is unlikely that 

the tense political situation will improve in the near future.  

To determine the scope, we initially determined the potential habitat of the 

leopards based on previous potential leopard habitat models and then divided it into two 

zones, 687 km2 of core zone and 1,883 km2 of buffer zone according to its suitability based 

on expert knowledge and spatial attributes such as the locations of roads, human 

settlements and dams (Choi 2005; Jeon et al. 2008; National Institute of Environmental 

Research 2013). The core zone showed the highest habitat suitability with a high potential 

to become a protected area, while the buffer zone showed moderate habitat suitability and 

needs improvement of ecological conditions in order to support a viable leopard 

population. In addition, human population density is very low in our study area compared 

to the average density of South Korea (509.2/km2). The core zone contains very limited 

human settlements, and the human population density of the buffer zone is about 25.6/km2 

(Korean Statistical Information Service 2015). Most local communities are farmers or 

livestock breeders in the study area and occasionally collect Non-Timber Forestry Products 

(NTFPs) in nearby forests.  

Our study area encompasses the mid-eastern mountainous area and eastern coastal 

area of the DMZ region, which is a part of the major ecological network of the Korean 

Peninsula. Characterized by high mountains and dense temperate forest, this area is home 

to endangered wildlife, such as long-tailed gorals (Naemorhedus caudatus) and Siberian 

musk deer (Moschus moschiferus). It has a continental climate with cold and snowy winters, 

and hot and humid summers. The eastern coastal area has heavy snow in the winters. The 

average temperature is 10.2 (range -5.5~23.8) with 1391 mm of annual precipitation.  
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Figure 3.1 A potential leopard habitat south east of the Korean Demilitarized Zone (DMZ) 

 

Open Standard Steps 

The Open Standard (OS) has a five-step project management cycle which are 1) 

Conceptualize the Project Vision and Context, 2) Plan Actions and Monitoring, 3) 

Implement Actions and Monitoring, 4) Analyze Data, Use the Results, and Adapt, and 5) 

Capture and Share Learning (Margoluis et al. 2009; CMP 2013). In our study, however, we 

largely focus on Step 1 and the first part of Step 2 of the Open Standard to develop a 

conceptual model for Amur leopard restoration planning.  

Project vision and conservation targets 

After defining the project scope, we developed a project vision, which is relatively general 

and brief (CMP 2013). It presents a broad direction and purpose of our project. Next we 

identified conservation targets of our project. Conservation targets are typically 
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ecosystems or species that explicitly show what to conserve or where to focus conservation 

efforts among all components of biodiversity within the project’s scope. (Salafsky et al. 

2002; Margoluis et al. 2009; Groves & Game 2016). In addition to conservation targets, we 

also identified human wellbeing targets and related ecosystem services that demonstrate 

the effect of conservation work on people. Human wellbeing targets are affected by the 

status of conservation targets and ecosystem services which are dependent upon 

biodiversity conservation (McShane et al. 2011; CMP 2012). 

Assessing viability of targets and define goals  

Once we determined where and what to focus our conservation efforts on, we evaluated 

the health and current status of our conservation targets. In this process, we identified the 

Key Ecological Attributes (KEAs) for each conservation target, which define the health of 

the targets in aspects of biology and ecology. KEAs were divided into three types, size (e.g. 

area and abundance), condition (e.g. biological composition, structure and biotic 

interactions), and landscape context (e.g. ecological processes and connectivity) (Parrish et 

al. 2003; FOS 2009). We then determined associated indicators for each KEA, which 

provide a specific measurement over time, to monitor and evaluate changes in KEAs. 

Indicators measure the status of KEAs with four scales: Poor, Fair, Good, and Very Good 

(FOS 2009; CMP 2013). Very Good refers to ecologically desired status which needs little 

conservation intervention; Good refers to status within acceptable range which requires 

some intervention; Fair indicates status outside of acceptable range which requires human 

intervention; and Poor describes status that restoration is difficult (FOS 2009). The 

measurement units of the indicators were either quantitative (e.g. number of leopards) or 

qualitative (e.g. moderately fragmented) depending on the available information. We 
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identified at least one indicator per KEA as well as the reference ranges, which are a set of 

thresholds or boundaries for the four scale classification, for each indicator based on the 

information from the literature and expert knowledge. We especially referred to the 

guideline of Amur leopard reintroduction in the Russian Far East to estimate the reference 

ranges of the indicators for the Amur leopard and prey in our study area (Hebblewhite et al. 

2011; Kelly et al. 2013; Spitzen et al. 2013). Then, we reviewed governmental reports and 

research papers, normally written in Korean, to gather data regarding the current status of 

prey density and habitat. After selecting measurement range and current status, we then 

developed goals that reflect the desired future status of KEAs for our conservation targets. 

A good goal should be directly linked to targets, impact oriented, measurable, achievable 

within a specific time period, and specific enough to have the same understanding among 

the people involved in the project (Parrish et al. 2003; FOS 2009).  

Identify and rank direct threats 

Every conservation project confronts multiple threats. Threats often hinder achieving 

conservation goals. However, tackling all the threats is impossible with limited time and 

resources. Therefore, conservation practitioners often focus on a handful of direct threats 

that are a human activity that instantly degenerate the health of conservation targets 

(Salafsky et al. 2008; FOS 2009; Aziz et al. 2013). To select key direct threats to our 

conservation targets, in collaboration with four experts who understand the DMZ region 

and wildlife ecology in South Korea we identified all possible threats for each conservation 

target and then rated those threats based on the three criteria of scope, severity and 

irreversibility by using a four-point scale: Low, Medium, High, and Very high (See Appendix 

D for detailed criteria of the four-point scale for threat ranking). The scope refers to the 
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spatial extent of damages; severity describes the level of damage to conservation targets 

within the scope; and irreversibility indicates the degree to which threats can be reversed 

and targets can be restored (FOS 2009). In our study, we used Miradi to calculate the 

summary threat rating by combining the scales from three criteria and distinguishing the 

threats as Low, Medium, High, and Very high (See Appendix B of (FOS 2009) for the Miradi 

calculation scheme of threat rating). Then, we selected threats with the highest ratings. We 

also recognized stresses that explain the negative biophysical impact of the threats.   

Complete situation analysis  

In addition to identification of direct threats, we determined contributing factors, which 

are composed of indirect threats, opportunities and other important variables that 

influence direct threats either positively or negatively in order to complete the situation 

analysis. Indirect threats are a driver of direct threats, and opportunities refer to a factor 

which potentially has a positive effect on conservation targets either directly or indirectly. 

Contributing factors often provide an intervention point for conservation actions(FOS 

2009). With the selected targets, key direct threats, associated contributing factors, we 

developed a conceptual model, a diagram depicting the problem analysis. While arrows 

describe the assumed relationship between factors in the problem analysis, each 

component was presented with different colors and shapes, such as targets in a green 

rectangle, direct threats in a red rectangle, and strategies in a yellow hexagon.  

Prioritize strategies  

We used the conceptual model to identify potential intervention points and strategies to 

mitigate the threats and to achieve the goals. A good strategy is directly linked to critical 
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factors, focused, feasible and appropriate to fit site-specific cultural, social, and biological 

norms (FOS 2009). We then assessed each strategy based on the potential impact and 

feasibility. The potential impact is the likelihood to mitigate a threat and to restore a target, 

and feasibility refers to the likelihood to implement the strategy within time, ethical, 

technical, and financial restraints (Salafsky et al. 2008; FOS 2009). Similar to threat rating, 

we evaluated both potential impact and feasibility with a four-scale system from Low to 

Very High. Then, we used the Miradi to categorize our strategies into Less Effective, 

Effective and More Effective based on roll-up rating (FOS 2009; Miradi 2016). See the 

Appendix E for the detailed criteria for prioritizing strategies.  

RESULTS 

Project vision and conservation targets 

Within the project scope, our vision was the restoration of viable Amur leopard population 

in South Korea for improved biodiversity and ecosystems and the benefit of future 

generation. In our study, we selected three critical conservation targets, which reflect our 

project vision while representing the biodiversity in the potential leopard habitat. 

Our targets were Amur leopards, leopard prey, and their habitat that are the essential 

components of the restoration. The Amur leopard is our focal species, and currently, only 

about 50 individuals are left around the Sino-Russian border (Spitzen et al. 2013). Prey and 

habitat, fundamental for the survival of the leopards, determine their population size and 

viability (Stoneking et al. 2002; Hebblewhite et al. 2011; Brooke et al. 2014). In addition to 

these three biological conservation targets, we identified three human wellbeing targets 

that demonstrate the effect of the leopard restoration on people. They were economic 

improvement, cultural cohesion, and spiritual and physical health which provided 
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regulating and cultural services. Human wellbeing targets are especially important for local 

people utilizing the potential leopard habitat because they can increase local people’s 

tolerance and acceptance of the reintroduced leopards. However, as human wellbeing 

targets do not exclusively influence people within the project scope, the scope of human 

wellbeing targets included not only local people within the potential habitat but also the 

general public of South Korea who will experience Bum culture.   

Viability assessment and goals of conservation targets 

In our viability assessment, the selected KEAs were population size, reproductive success, 

and survival for the Amur leopard; major prey density, prey biomass, and distribution for 

the leopard prey; and habitat fragmentation and forest fire occurrence for the habitat 

mainly based on the Amur leopard reintroduction program in the Russian Far East (Spitzen 

et al. 2013). Each KEA had one to four indicators. In our study, because Amur leopards have 

not been restored yet, current status of Amur leopard was noted as not available for now. 

On the other hand, current status of the prey was Good in the four scale classification. 

Among indicators of the major prey density, water deer (Hydropotes inermis argyropus) 

density and wild boar (Sus scrofa) density were especially high, while no information is 

available for the roe deer (Capreolus pygargus) density and goral (Naemorhedus caudatus) 

density was low. The high density of water deer and wild boar mostly contributed to the 

Very Good status of total prey biomass and thus of the major prey density. The current 

status of habitat was Fair. Large forest fires of over 30 ha occurred relatively frequently, 

about every 8 years, which led to Poor status, but the connectivity of our study area was 

Good (Table 3.1).  
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After understanding the current status of each conservation target, our goals of the 

Amur leopard restoration reflected desired future status of each indicator. In 15 years the 

core area and buffer zone could support over 30 Amur leopards with a survival rate of over 

0.7 per annum, including at least 10 breeding females which have a reproduction frequency 

of 2~3 years (Spitzen et al. 2013). Secondly, we maintained a Very Good status of major 

prey density (see Table 3.1 for the specific species and their density measures) and at least 

820,000 kg of total prey biomass with over 90% of prey presence in the study area (Han et 

al. 2013; Spitzen et al. 2013). Lastly, we kept the habitat with little fragmentation and 

reduced large forest fire occurrence to at least 15 years in the same time period (Lee et al. 

2004; Choi 2005; Lee & Lee 2006; Jeon et al. 2008; Korea Forest Serive 2015). 
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Table 3.1 Viability Assessment of three conservation targets 

Item 
Current 
status 

Unit 
Measurement Range 

Sources 
Poor Fair Good Very Good 

KEA1: population size  

I-1: number of total leopards  NA number  <15 15 - 29 30 - 50 >50 S1 

I-2: number of breeding females  NA number  <7 7 - 9 10 - 15 >15 S1 

KEA2: reproductive success  

I: reproduction frequency NA years every >4  every 3~4  every 2~3  every 2  S1 

KEA3: survival          

    I: survival rate NA % <0.5 0.5-0.6 0.7 – 0.9 1 S1 

KEA1: major prey density        

 I-1: goral density 0.14 /km2 <0.11 0.11 - 0.15 0.16 - 0.20 >0.20  

I-2: roe deer density NA /km2 <1.0 1.0 - 1.9 2.0 - 3.0 >3.0  

I-3: water deer density 5.9 /km2 <1.0 1.0 - 2.9 3.0 - 5.0 >5.0 S1, H2 

I-4: wild boar density 4.5 /km2 <1.0 1.0 - 1.9 2.0 - 3.0 >3.0 S1, H2 

KEA2: prey biomass        

    I: total prey biomass >820,858 kg <250,000 
250,000 - 
489,999 

490,000 - 
820,000 

>820,000 C3 

KEA3: prey distribution        

    I: prey occupancy 0.9-0.99 % <0.80 0.80-0.89 0.9-0.99 1 E4 

KEA1: habitat fragmentation  

I: connectivity 
little 

fragmented  
landscape 

context 
highly 

fragmented 
moderately 
fragmented  

little 
fragmented 

not 
fragmented  

E4, C5,J6 

KEA2: forest fire occurrence  

  

I: frequency of large forest fire 
(>30ha) 

8 years <10 10 - 14  15-20 <20 L7, L8, K9 

I: indicator 
NA: information Not Available  
S1: (Spitzen et al. 2013), H2: (Han et al. 2013), C3: (Stoneking et al. 2002), E4: Expert knowledge, C5: (Choi 2005), J6: (Jeon et al. 2008), L7: (Lee et al. 
2004), L8: (Lee & Lee 2006), K9: (Korea Forest Serive 2015) 
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Identify and rank direct threats  

We identified eight potential direct threats that are likely to pose a risk to our conservation 

targets. Those threats were: 1) removing unsuited leopards from the habitat, 2) illegal 

hunting of leopards and prey (Spitzen et al. 2013; Robinson et al. 2015), 3) disease from 

domestic animals and other wildlife to leopards and prey (Sung et al. 2010; Cha et al. 2012; 

Seimon et al. 2013; Cho et al. 2015), 4) greenhouse gas emissions (Post & Stenseth 1999; 

Im et al. 2011; Shin et al. 2016), 5) road kill of leopards and prey (Choi et al. 2008), 6) 

uncontrolled intensive forest fire of over 30 ha in the habitat (Lee et al. 2004; Lee & Lee 

2006), 7) buried mines in the CCZ (Dudley et al. 2002), and 8) building roads and cable cars 

within the habitat (Kerley et al. 2002). Among the eight potential threats, we rated the first 

four threats to pose a medium threat to our conservation targets, while we rated the other 

threats as low (Table 3.2). Especially, removing unsuited leopard, illegal hunting, and 

disease from domestic animals and other wildlife posed a high threat to the Amur leopard. 

For the prey, only greenhouse gas emissions, which lead to heavy snowfall (Post & Stenseth 

1999; Im et al. 2011; Shin et al. 2016), posed a medium threat while all other threats were 

rated as low. Among the eight potential threats, three of them, greenhouse gas emissions, 

uncontrolled intensive forest fire, and building roads and cable cars, were related to the 

habitat and posed a medium threat. This threat rating indicated that the first four threats 

have higher priority to intervene. Therefore, we determined to focus on those four threats 

to identify contributing factors and develop strategies (Figure 3.2). During this process, the 

habitat as a conservation target was discarded for further consideration. Although it was 

still important, the four high priority threats did not influence the habitat. Therefore, no 

conservation action was required at this time. 
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Unlike other direct threats, which used contributing factors to explain drivers, 

Greenhouse gas emissions causing climate change used stresses instead to describe the 

result of greenhouse gas emissions to our conservation targets because drivers of 

Greenhouse gas emissions were rather broad and often beyond the scope of our project. 

That is, the expected result of climate change was changes in precipitation, especially 

frequent heavy snowfall during the winter in our study area. This deep snow cover would 

make both leopards and prey hard to find food in winter by restricting their movement and 

thus increase their mortality (Post & Stenseth 1999; Spitzen et al. 2013; Choi 2014) (Figure 

3.2). In addition, as assessed in the threat rating, Greenhouse gas emissions were expected 

to more negatively affect to prey than leopards (Post & Stenseth 1999; Choi 2014; Luo et al. 

2015).  
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Table 3.2 Threat rating for conservation targets 

 Amur leopard Prey Habitat 

Summary 

threat 

rating 
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Removing unsuited leopards H H M H         M 

Illegal hunting  H V M H M L L L     M 

Disease from domestic animals and 

wildlife 
H V H H M L L L     M 

Greenhouse gas emission V M H M V M H M V M H M M 

Road kill M H M M M L L L     L 

Uncontrolled intensive forest fire L L L L L M L L M M M M L 

Mines M H M M M L L L     L 

Building roads and cable cars L M L L L M M L M M H M L 

L Low, M – Medium, H- High, V- Very high 
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Figure 3.2 A Conceptual Model and strategies for Amur leopard restoration in South Korea



 

 

66

Complete situation analysis 

We identified 22 contributing factors composed of 21 indirect threats and one opportunity 

(Figure 3.2). One or more contributing factors influenced the direct threats and other 

contributing factors. For example, conflict with humans is expected to be an indirect threat 

leading to two direct threats, removing unsuited leopard and illegal hunting of leopard and 

prey, and another indirect threat, by-catch of leopards from hunting prey (Treves et al. 

2006; Barlow et al. 2013; Becker et al. 2013; Saif et al. 2016). The conflict with humans is 

expected as the result of direct interactions with leopards (e.g., encounter with leopards 

and livestock depredation) as well as indirect interaction (e.g., fear to leopards) (Inskip & 

Zimmermann 2009; Goodrich 2010). We grouped these three contributing factors as socio-

economic risks, which comply with the socio-economic aspect of the risk assessment in the 

IUCN’s reintroduction guide (IUCN/SSC 2013). Likewise, leopards preying on gorals, the 

first class endangered species by Korean Wildlife Conservation and Management Law, were 

classified as ecological risk due to the habitat overlap between the two protected species 

(Ministry of Environment 2005; IUCN/SSC 2013; Spitzen et al. 2013). The opportunity of 

prey’s crop raiding was the presence of Amur leopard as they control prey population, one 

of regulating services of ecosystem services (Figure 3.2). This opportunity provided a 

positive feedback loop of the leopard reintroduction.  

Prioritize Conservation Strategies  

Based on this situation analysis, we identified 13 strategies to potentially reduce the direct 

threats and improve the condition of the leopard and prey (Table 3.3). Evaluation of the 

potential impact and feasibility for each strategy concluded that seven strategies were 

considered effective: 1) providing food during heavy snowfall (Post & Stenseth 1999), 2) 
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research and monitoring of leopard behaviors (Jochum et al. 2014; Trolliet et al. 2014) , 3) 

law enforcement regarding wildlife crime and inappropriate livestock management 

(Goodrich 2010; Linkie et al. 2015; Johnson et al. 2016), 4) outreach and training of 

livestock owners (Goodrich 2010; Pettigrew et al. 2012), 5) vaccination of domestic 

animals (Goodrich et al. 2012), 6) public conservation outreach and communication (Jenks 

et al. 2010; Saypanya et al. 2013), and 7) removing snares and traps (Becker et al. 2013; 

Soh et al. 2014). Those effective strategies had higher priority to implement. Providing food 

during heavy snowfall was particularly rated to be very effective because it can directly 

decrease the morality of leopards and prey (Very high in potential impact) with relatively 

low cost and technique (Very high in feasibility).  

Combining all critical components - two conservation targets, four direct threats, 

21 contributing factors, one opportunity, two stresses as well as three human wellbeing 

targets and associated seven ecosystem services - the conceptual model provided overall 

perspective of the Amur leopard restoration in South Korea. In addition, seven effective 

strategies identified using the conceptual model showed intervention points (Figure 3.2). 
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Table 3.3 Prioritization of strategies 

Strategy 
Evaluation Criteria 

Priority Involved threats 
Potential Impact Feasibility 

Provide food during heavy snowfall Very High Very High Very effective F 

Research & monitoring of leopard behavior High Very High Effective Rm 

Law enforcement High Very High Effective I, D  

Outreach and training of livestock owners High Very High Effective D 

Vaccination of domestic animals High High Effective D 

Outreach & communication High Very High Effective I, Rm 

Remove snares & traps High High Effective I 

Research & monitoring of wildlife health High Medium Less effective D 

Vaccination of wildlife (disease carriers) High Medium Less effective D 

Prevention and compensation Medium Very High Less effective I 

Ecological risk assessment Medium Very High Less effective Rm 

Additional income Medium High Less effective I 

Improve rehabilitation program Medium Medium Less effective Rm 

F: Leopards and prey cannot find food in winter, I: Illegal hunting, Rm: Removing unsuited leopard, D: Disease from domestic animals and wildlife
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DISCUSSION 

Systematic planning can increase the success of conservation projects by explicitly laying 

out their structure and context, which reflects the dynamic and complex project conditions 

to the stakeholders and provides a guidance to efficiently evaluate the project progress 

(Carroll et al. 2003; Rondinini & Boitani 2007; Margoluis et al. 2009; Grantham et al. 2010; 

Stephenson & Ntiamoa-Baidu 2010; Schwartz et al. 2012; Aziz et al. 2013; Johnson et al. 

2016). In our study, using the OS for planning the Amur leopard restoration was 

particularly useful for explicating what the current situation is and what the next step 

should be.  

The target viability assessment indicated a Good status for the leopard prey and Fair 

status for the habitat, and threat rating showed low-to-medium level of threats affecting 

these targets. These results can imply the positive sign of ecological feasibility for the 

leopard restoration in South Korea, and are consistent with the opinions of experts who 

participated in the discussion about the restoration of large predators in South Korea 

coordinated by Korean Ministry of Environment. However, fair status of habitat due to high 

frequency of large forest fires seemed to need adjustment. As forest statistics did not 

provide exact spatial coordinates, actual large forest fire frequency in our study area could 

be fewer.  

During the viability assessment, however, we recognized some critical knowledge 

gaps, one of which is the lack of data regarding roe deer density. The diet of Amur leopards 

is largely constituted of ungulates (over 50%), such as roe deer and sika deer (Cervus 

nippon) in the Russian Far East (Kerley & Borisenko 2007; Spitzen et al. 2013). In South 

Korea, sika deer no longer exist in the wild but roe deer do. Therefore, although total prey 
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biomass, which included secondary prey such as hares, badgers, and raccoon dogs that the 

Amur leopards prey on, was sufficient to support a viable leopard population (Kerley & 

Borisenko 2007; Spitzen et al. 2013), it is still necessary to understand the status of the 

primary prey species for the long-term survival of the leopards. In this way, our viability 

assessment helped to identify knowledge gaps that provide a guideline for future actions 

for the Amur leopard restoration.  

 In addition to the ecological feasibility, the conceptual model also highlighted the 

importance of socio-economic aspects as contributing factors for the leopard restoration. 

The socio-economic aspect is as important as the ecological aspect in a highly human-

dominated landscape of South Korea because human-carnivore conflict is one of the most 

critical issues in large carnivore conservation (Treves & Karanth 2003; Treves & Naughton-

Treves 2005; Barlow et al. 2010; Wieczorek Hudenko 2012; Inskip et al. 2016). Without 

addressing potential conflicts between reintroduced leopards and people, leopard 

restoration would be nearly impossible. As recommended strategies in our study, 

preventative measures including training livestock owners and outreach to local 

communities and the public were considered to be more effective than compensation or 

providing additional income. However, a prioritizing system of the OS based on two criteria 

of potential impact and feasibility was not a very rigorous and could be improved.   

No matter how thoroughly people plan, every conservation project contains 

uncertainties from various sources, such as lack of information, policy changes, and 

financial changes. Likewise, although we carefully followed the systematic planning 

approach, uncertainties regarding the leopard restoration still remained due to insufficient 

data on the current status and threats of our conservation targets. For example, the 
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baseline data used to estimate the major prey density and prey distribution were rather 

coarse and might not be accurate enough to reflect the situation of our study area. The 

geographical scope for the density estimation covered a much larger area than our study 

area and most baseline sampling units did not include our study area. Furthermore, little 

research has been done on the wildlife diseases in South Korea. Consequently, the threat 

rating about the disease from domestic animals and wildlife was solely made by 

veterinarian’s empirical knowledge and is subject to change as more study is conducted. 

These uncertainties should be appropriately addressed in conservation planning.  

The OS uses an adaptive management which allows making changes and 

improvement easy even during the project cycle to handle uncertainties (McCarthy & 

Possingham 2007; Barlow et al. 2008; Fontaine 2011; Schwartz et al. 2012). We also 

acknowledged uncertainties in our restoration planning. In the case that major prey 

density is overestimated, it is inevitable to re-review the feasibility of the restoration and 

selected strategies accordingly. We can also calibrate our scope to include the DMZ or 

buffer zones when the political situation between North and South Korea becomes better 

or reintroduced leopards disperse from the core zone. Accordingly, we can add more prey 

species, such as musk deer (Moschus moschiferus parvipes), to the KEA and can also include 

new threats that could affect the conservation targets. Our prioritized strategies involved 

law enforcement, monitoring of prey and conservation outreach based on current available 

information. However, the priorities can be changed if the current situation changes or we 

use more thorough rating criteria. For example, under increasing conflict between 

reintroduced leopard and people, implementing prevention and compensation could have 

higher priority.  
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Based on the knowledge gaps and uncertainties identified during the restoration 

planning process, we recommend the thorough research on major prey density in the 

potential restoration site in preparation of the Amur leopard restoration. A clear 

understanding of prey status will help to assess the restoration feasibility more accurately 

and develop appropriate conservation strategies. Moreover, high prioritized strategies in 

our analysis revealed the needs of developing community outreach programs to reduce the 

potential socio-economic risk and increase the local tolerance; implementing law 

enforcement to stop illegal activities; and vaccinating domestic animals to prevent possible 

disease spread from domestic animals to Amur leopards and their prey to prepare the 

Amur leopard restoration in South Korea.  

In the planning process, we explicitly defined where the restoration project is and 

what we try to accomplish, and identified and prioritized what to focus on, and where and 

how to intervene based on specifically defined criteria for each stage. This clarity will help 

to avoid possible confusion and miscommunication among multiple stakeholders from 

different disciplines, including ecologists, veterinarians, and conservation practitioners, in 

the decision-making process. Although necessary information is not all available at this 

moment, our conceptual framework provides a good starting point to understand and 

prepare for Amur leopard restoration in South Korea. Follow-up research is needed to 

focus on information gaps found during this study. 
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APPENDICES 

Appendix A. A questionnaire survey 

Date:                                   Village:                                              Interviewer:              vignette: 
 

Main respondent:   [  ] Male    [  ] Female 
Participants?            [  ] Male    [  ] Female 
 

Hello. My name is ________, and I am a student from the University of Laos. As a part of the 
research of Anya Lim, a graduate student from the University of Wisconsin – Madison, US, I would 
like to learn about your livestock husbandry practice, carnivore presence around the village and 
how you think of carnivores and their conservation.  

This interview is voluntary, and you may decline to answer individual questions or to stop 
the interview at any time. That is fine. Although we hope that our research has a larger set of 
societal benefits, including for the people in the Nam Et-Phou Louey National Protected Area, 
participating will not bring any direct material benefits to you personally. Your participation or 
refusal to participate will not pose any risks to you.  

In addition, your confidentiality will be maintained by not writing down your name on the 
notes containing your answers to our questions. Furthermore, your name will not be identified in 
any reports or publications produced as a result of this research. I might make audio recordings of 
this interview, but it will only be used by the researcher and stored in a secure location at all times. 
However, if you are not comfortable with audio recording, you can request not to do so at any time.  

 
So, would you like to continue with the interview? 

 

Demographic questions 

1. How old are you?  

[  ] 

 

2. How approximately long have you lived in this village?  

[ ] Born [ ] years  [ ]  

 

3. How many people in your family? [  ] 

 

Socio-economic questions  

4. What activities does your family do for a living (check all relevant)?  

[ ] Working for wages     [ ] Trader/Businessmen   
[ ] Cultivating rice paddy          [ ] Cultivating upland field  
[ ] Gardening     [ ] Gathering forest products  
[ ] Hunting    [ ] Fishing     
[ ] Retired                   [ ] Raising livestock     
[ ] Other ________________  
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5. Then, what are your family’s major income sources (check all relevant)?  

[ ] Working for wages     [ ] Trader/Businessmen  
[ ] Cultivating rice paddy        [ ] Cultivating upland field  
[ ] Gardening     [ ] Gathering forest products  
[ ] Hunting    [ ] Fishing     
[ ] Retired                   [ ] Raising livestock   
[ ] Other ________________  

 

6. What other roles do you have in your village?  

 [ ] Le Ka Nouay Pak Haak Taan         [ ] Village Head   

[ ] Village policeman   [ ] Village militia   

[ ] Villager    [ ] Other______________ 

 

7. Does your family has;  

[ ] Radio  [ ] Mill (  ) [ ] Bicycle [ ] Motorbike   

[ ] Concrete house   [ ] Fishing pond  [ ] Tractor  [ ] Modernized roof  

  [ ] Watch  [ ] Clock    [ ] Generator [ ] TV   

[ ] Refrigerator     [ ] Home phone   [ ] Cell phone [ ] Car 

[ ] Water heating system      

 

8. What livestock does your family have and how many does your family have? 

 [ ] Chicken/Duck   [ ] Goat  [ ] Sheep  

[ ] Pig   [ ] Dog  [ ] Cattle   

[ ] Buffalo  [ ] Horse  [ ] Others ______ 

 

9. Where do you raise your cattle/buffalo/Horse?  

 

 Location   Cattle 

# 

Buffalo 

# 

Horse 

# 

 In the village  

 

   

 Sanam  
Name(s): ________________________ 

Location(s): ______________________ 

Size(Ah):_________________________ 

 

Name(s):_________________________ 

Location(s): _______________________ 

Size(Ah): _________________________ 

 

   

 Elsewhere: ____________________    
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10. Does your famaily raise cattle/buffalo/Horse for someone else, or ask other people to take 

care of your livestock?  

[ ] Raise for others [ ] Ask others to take care of  [ ] Neither   

If yes, 

How many are from others or to others?   [     ]  

Where are owners or breeders from?  [     ]  

How much do you paid or pay?    [     ]   

 

How many other families raise the livestock together in the sanam(s)?  

Sanam__________________[  ]  

Sanam__________________[  ]  

 

11. How many livestock in the sanam(s) in total?  

Sanam:________Cattle/Buffalo[  ] Horse[ ] Pig[ ] sheep/goat[  ] 

Sanam:________Cattle/Buffalo[  ] Horse[ ] Pig[ ] sheep/goat[  ] 

 

12. How do you raise your cattle/buffalos/horses?  

  Do you have a guard? 

[ ] paid     [ ] free  

 Do you have a fence, enclosure or forms of protection?  

 [ ] Yes   [ ] No   

if yes, how long? 

 [ ] All day  [ ] Only at night   

 Do you freely release without supervision?  
 [ ] Yes   [ ] No   

 

13.  Any seasonal change of grazing locations or grazing methods?   

 

 

 Interaction with Carnivores 

 

14.  Do you know these animals? (Show 7 animal photos and check if they identify the animal) 

[ ] Tiger  [ ] Leopard       [ ] Clouded Leopard   

[ ] Golden Cat [ ] Dhole  [ ] Sun bear  

[ ] Asiatic Black Bear  

 

15. Have you ever seen these animals?  

If yes,  

which animal, where, when and how often have you seen each animal? (If many use the note)  

For example:  

Tiger 

Year[2010] Month[5] Place [Forest on a way to Sanam]  Frequency: Once  
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16. Which wildlife do you fear most and why?  
[ ] Tiger   [ ] Leopard       [ ] Clouded Leopard   

[ ] Golden Cat  [ ] Dhole  [ ] Sun bear  

[ ] Asiatic Black Bear  [ ] Other_________________ 

Reason: ___________________________________________________________________ 

 

17. Have your family had any problem with wildlife, such as livestock or crop loss? 

For example: Dhole, deer, Wild pig, rodents, civet, tiger, leopard, golden cat, Sun bear, Asiatic 

Black bear, clouded leopard  

 [ ] Yes       [ ] No  

 If yes, tell me more the animal and damage (kind and degree)  

 when damages arose?  

 

18. Have your village had any problems with wildlife, such as livestock or crop loss?  

For example: Dhole, deer, rodents, civet, tiger, leopard, golden cat, Sun bear, Asiatic Black bear, 

clouded leopard 

 [ ] Yes       [ ] No  

 If yes, tell me more the animal and damage (kind and degree)  

 when damages arose?  

 

19. How did you know the problems came from that species (multiple choices)?  

Animal name:  [ ] Direct seeing [ ] Found tracks [ ] Guessing [ ] 

Other Reasons:___________ 

Animal name:  [ ] Direct seeing [ ] Found tracks [ ] Guessing [ ] 

Other Reasons:___________ 

Animal name:  [ ] Direct seeing [ ] Found tracks [ ] Guessing [ ] 

Other Reasons:___________ 

Animal name:  [ ] Direct seeing [ ] Found tracks [ ] Guessing [ ] 

Other Reasons:___________ 

 

20. Which wildlife caused your household the most property loss, such as crop and livestock 

loss?  

 

21. Which wildlife caused your village the most property loss, such as crop and livestock loss?  

22. Do you think number of that animal/ those animals should be reduced to avoid possible 

damage? 

 [ ] Yes       [ ] No  

 

23. Would you or someone in your household participate in a training workshop to learn ways 

to protect livestock? 

 [ ] Yes   [ ] No  
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24. Who do you think should help villagers protect their livestock around the NEPL? 

[ ] Owners (themselves)   [ ] Government   
[ ] Agricultural office              [ ]NPA  
[ ] Outside/Foreign organization  

 

25. If changing the current livestock husbandry can prevent livestock loss by carnivore attack, 

would you change the practice? [ ] Yes  [ ] No  

if yes, why? ___________________________________________ 

If no, why not? ___________________________________________ 

 

 

Attitudes of tigers and dholes  

 

26. Has the tiger population changed in past five years?  

[ ] Decreased  [ ] Increased [ ] No change  

 

27. How about Dholes?  

[ ] Decreased [ ] Increased [ ] No change  

 

28. Do you think number of tigers should increase?  

[ ] Yes  [ ] No  

If yes, Why? _______________________________________________ 

 

29. Do you think number of dholes should increase?   

[ ] Yes  [ ] No  

If yes, Why? _______________________________________________ 

 

30. Do you like living along tigers?  

[ ] Yes  [ ] No  

 

31. How about Dholes?  

[ ] Yes  [ ] No 

 

32.  If tigers did not threaten you or your livestock, would you support tiger conservation?  

 [ ] Yes  [ ] No 

 

33. Would you be willing to report livestock kills by tigers voluntarily (without payment) to the 

village head?  

 [ ] Yes  [ ] No  

 

If not, would you be willing to report livestock kills by tigers if there is compensation 

(payment)? 

 [ ] Yes  [ ] No  
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34. Can you see the benefit of tigers?  

[ ] Yes  [ ] No  
If Yes: What kinds of benefits? ________________________________________ 
 

35. Do you think number of tigers should be reduced to avoid possible damage? 

 [ ] Yes  [ ] No  
If no, why?  
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Appendix B. A randomized block confounded factorial design of 32 vignettes 

 
Vignette 

Set 
Vignette 
number 

Distance 
to 

villages 
(V) 

Distance to 
agricultural 

lands (A) 

Distance 
to 

ungulates 
(U) 

Quality 
of grass 

(G) 

Distance 
to 

carnivores 
(C) 

1 1 near near near poor distant  

1 16 near distant distant good near 

1 20 distant distant distant poor distant 

1 29 distant near near good near 

2 5 near near near good distant 

2 12 near distant distant poor near 

2 24 distant distant distant good distant 

2 25 distant near near poor near 

3 2 near distant near poor distant 

3 15 near near distant good near 

3 19 distant near distant poor distant 

3 30 distant distant near good near 

4 6 near distant near good distant 

4 11 near near distant poor near 

4 23 distant near distant good distant 

4 26 distant distant near poor near 

5 7 near near distant good distant 

5 10 near distant near poor near 

5 22 distant distant near good distant 

5 27 distant near distant poor near 

6 3 near near distant poor distant 

6 14 near distant near good near 

6 18 distant distant near poor distant 

6 31 distant near distant good near 

7 8 near distant distant good distant 

7 9 near near near poor near 

7 21 distant near near good distant 

7 28 distant distant distant poor near 

8 4 near distant distant poor distant 

8 13 near near near good near 

8 17 distant near near poor distant 

8 32 distant distant distant good near 
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Appendix C. Parameter estimates for the preference of grazing areas in the 

random-slope model.  

  
Coef.a SE t value 

Intercept  6.92 0.84 8.22 * 

Set2 0.60 0.34 1.77 

Set3 -0.32 0.34 -0.94 

Set4 0.39 0.34 1.17 

Set5 0.60 0.33 1.79 

Set6 0.86 0.33 2.57* 

Set7 0.84 0.34 2.45* 

Set8 0.54 0.33 1.63 

HouayChod -1.96 0.96 -2.03* 

HouayHear -1.27 1.09 -1.17 

HouayHindeng -1.70 0.93 -1.82 

HouayKaning -2.59 0.93 -2.77* 

HouayKayang -1.49 0.96 -1.55 

HouayKee -0.81 0.93 -0.87 

HouayMorkang -0.89 0.93 -0.95 

HouayPhounghea -1.71 0.93 -1.83 

HouaySoc -1.65 0.93 -1.76 

HouaySom -1.38 1.44 -0.96 

HouayTeun -3.18 0.93 -3.40* 

Keolom -1.57 1.08 -1.46 

Leepee -2.33 0.93 -2.49* 

LongNguapaKhao -1.46 1.03 -1.42 

Nongdeng -2.47 0.93 -2.65* 

NVb LongNguapa -0.64 1.46 -0.44 

NV Natuan 0.28 1.18 0.23 

NV Thathiem 1.07 1.44 0.74 

Phabong -2.66 0.93 -2.85* 

Phakao -2.13 0.93 -2.28* 

Phamone -2.04 0.93 -2.18* 

Phasiengsy -1.42 0.93 -1.52 

Phatoup -3.09 1.44 -2.15* 

Phoukhea -2.67 0.93 -2.89* 

Phouloueynoy -2.15 1.03 -2.10* 

Phoupha -1.84 0.93 -1.98 

Pouked-Poumoun -1.22 0.93 -1.31 

Thamxang -1.96 0.93 -2.12* 

Thamxang LongNguapa -1.46 1.02 -1.43 
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Yodhet -0.88 1.46 -0.61 

Yodnampai -1.77 0.93 -1.90 

Yodnamsong -2.05 1.08 -1.90 

Yodnamxat -1.73 0.93 -1.85 

Yodnamxat NV -1.97 0.97 -2.03* 

Ab 0.42 0.16 2.55 * 

Vb -1.37 0.16 -8.48 * 

Pb -0.24 0.16 -1.46 

Cb 2.30 0.21 11. 07* 

Gb 2.62 0.21 12.62 * 

A x V 0.13 0.42 0.32 

V x P -0.22 0.42 -0.54 

A x C 0.02 0.32 0.07 

V x C 0.48 0.33 1.47 

P x C -0.07 0.32 -0.23 

A x G -0.15 0.32 -0.45 

V x G 0.23 0.33 0.69 

P x G 0.19 0.32 0.60 

A x V x P -0.64 0.65 -0.99 

A x P x C 0.42 0.83 0.50 

A x P x G 0.99 0.83 1.19 

A x C x G 0.57 0.66 0.86 

V x C x G 1.57 0.65 2.43 * 

P x C x G 0.58 0.66 0.88 

A x V x P x C -0.84 1.32 -0.64 

A x V x P x G  3.12 1.32 2.37 * 

A x V x C x G  -1.05 1.66 -0.63 

V x P x C x G -0.24 1.66 -0.14 

A x V x P x C x G  4.20 2.58 1.63 

SD of Random intercept 0.07   

SD of Random Slope for C 1.86   

SD of Random Slope for P 0.47   

SD of Level-one 2.30   
a Abbreviation: Coef., Coefficients of the model 
b Abbreviation: A, Distance between agricultural land and grazing area; V, Distance between 
village and grazing area; P, Distance between prey and grazing area; C, Distance between 
carnivores and grazing area; G, Quality of grass in grazing area  
* Significant t value of two-tailed t-test with 0.05 significance level (t value > 2).  
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Appendix D. Criteria for threat rankings*   

Scope  

 

4 = Very High: The threat is likely to be pervasive in its scope, affecting the target across all 

or most (71- 100%) of its occurrence/population.  

3 = High: The threat is likely to be widespread in its scope, affecting the target across much 

(31-70%) of its occurrence/population.  

2 = Medium: The threat is likely to be restricted in its scope, affecting the target across 

some (11-30%) of its occurrence/population.  

1 = Low: The threat is likely to be very narrow in its scope, affecting the target across a 

small proportion (1-10%) of its occurrence/population. 

 

Severity  

 

4 = Very High: Within the scope, the threat is likely to destroy or eliminate the target, or 

reduce its population by 71-100% within ten years or three generations.  

3 = High: Within the scope, the threat is likely to seriously degrade/reduce the target or 

reduce its population by 31-70% within ten years or three generations.  

2 = Medium: Within the scope, the threat is likely to moderately degrade/reduce the target 

or reduce its population by 11-30% within ten years or three generations.  

1 = Low: Within the scope, the threat is likely to only slightly degrade/reduce the target or 

reduce its population by 1-10% within ten years or three generations. 

 

Irreversibility  

 

4 = Very High: The effects of the threat cannot be reversed and it is very unlikely the target 

can be restored, and/or it would take more than 100 years to achieve this (e.g., wetlands 

converted to a shopping center).  

3 = High: The effects of the threat can technically be reversed and the target restored, but it 

is not practically affordable and/or it would take 21-100 years to achieve this (e.g., wetland 

converted to agriculture).  

2 = Medium: The effects of the threat can be reversed and the target restored with a 

reasonable commitment of resources and/or within 6-20 years (e.g., ditching and draining 

of wetland).  

1 = Low: The effects of the threat are easily reversible and the target can be easily restored 

at a relatively low cost and/or within 0-5 years (e.g., off-road vehicles trespassing in 

wetland). 

 

* The criteria come from (FOS 2009, p48). 
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Appendix E. Criteria for strategy prioritization*   

Potential Impact 

 

Very High – The strategy is very likely to completely mitigate a threat or restore a target. 

High – The strategy is likely to help mitigate a threat or restore a target.  

Medium – The strategy could possibly help mitigate a threat or restore a target. 

Low – The strategy will probably not contribute to meaningful threat mitigation or target 

restoration. 

 

Feasibility  

 

Very High – The strategy is ethically, technically, AND financially feasible. 

High – The strategy is ethically and technically feasible, but may require some additional 

financial resources. 

Medium – The strategy is ethically feasible, but either technically OR financially difficult 

without substantial additional resources. 

Low – The strategy is not ethically, technically, OR financially feasible 

 

* The criteria come from (FOS 2009, pp76-77). 

 


