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Abstract 

Understanding local knowledge about wildlife, local uses, and local people’s willingness to 

support conservation activities, are crucial factors to help in formulating wildlife conservation 

strategies.  We conducted a semi-structured questionnaire survey of 1,017 people from 105 villages 

located in different ecological regions across all seven Provinces of Nepal. We performed 

generalized linear mixed modelling to investigate the key drivers influencing respondents’ 

knowledge about pangolins, based on a questionnaire score. We identified provinces, ethnicity, 

occupation, gender, and age group as strong predictors influencing local ecological knowledge 
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about pangolins. The respondents from provinces in the western part of Nepal represented 

significantly lower knowledge scores than the respondents from the eastern and central provinces. 

Similarly, respondents belonging to non-indigenous groups, students, females, and people aged 

between 18-30 years had the lowest knowledge scores about pangolins. A range of uses and beliefs 

about pangolin were reported across Nepal, and 48% of respondents believed in the use of pangolin 

scales and meat for traditional medicines. The majority of respondents (71.1%) were willing to 

support pangolin conservation in their local areas. Our study suggests that awareness programs, 

alternative livelihood, and income-generating trainings for local communities could be helpful to 

enhance the long-term conservation of pangolins in Nepal. Increased efforts are needed in western 

Nepal, and across the country with non-indigenous communities, females, young people, and 

students. Thus, this study offers an important baseline to help design and execute effective 

community-based conservation actions and management decisions for pangolin conservation. 

 

Keywords: Awareness, local communities, pangolins, uses, Nepal 

 

INTRODUCTION 

Human communities living in and around wildlife and their habitats often have a vital role in 

effective management and successful wildlife conservation (Gandiwa 2012). It has been 

recognized that the conservation of biodiversity is best conducted with the support, engagement, 

and active participation of indigenous people and local communities (Cooney and Challender 

2020; Hill et al. 2020; Malmer et al. 2020). Knowledge is transferred from one generation to the 

next and is modified and amended as a result of new experiences and observations (Fernandez-
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gimenez 2000). The local ecological knowledge (LEK) of people in a given area, is gained through 

extensive personal observations, practices, beliefs, and interactions with the local ecosystem and 

environment which are shared among local resource users (Charnley et al. 2007). LEK is 

increasingly considered an effective alternative source of conservation data, especially for 

"charismatic" large-bodied vertebrates (Parry and Peres 2015; Turvey et al. 2015), including in the 

Convention on Biological Diversity. Nevertheless, smaller-bodied species, including some 

mammals, are more likely to remain unreported or be misidentified by respondents in interview 

surveys (Turvey et al. 2014). Recently, however, LEK has been shown to be an important tool to 

inform conservation management decisions and has been increasingly applied to help understand 

the distribution and status of highly recognizable species (Nash et al. 2016; Archer et al. 2020; 

Fopa et al. 2020; Mouafo et al. 2021). Harnessing local ecological knowledge may therefore help 

to promote sustainable long-term conservation and integrating species and community-based 

strategies (Kupika et al. 2019). 

 

A wide array of human dimensions, such as local people’s perceptions towards wildlife 

conservation, have become important to consider when attempting to develop long-term species 

protection through community involvement (Newmark et al. 1993). There is increasing recognition 

that diverse knowledge systems can work in mutually enriching ways and that Indigenous and 

Local Knowledge (ILK) can enhance biodiversity conservation (Torrents-Ticó et al. 2021). 

Similarly, conservation that works in collaboration with local communities, taking into account 

their willingness to engage with it, ensures local commitment and motivates people to take 

ownership of wildlife conservation.  
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One group of species for which community-based approaches have been applied for their 

conservation are the pangolins (Pholidota: Manidae). Local knowledge is an important source of 

conservation-relevant baseline information on pangolins because they are a highly elusive group 

of species for which monitoring in the field is very challenging (Nash et al. 2016), often due to 

their low population density and detectability (Willcox et al. 2019). Nepal is the home of two 

species of pangolins, the Chinese pangolin (Manis pentadactyla) which is Critically Endangered 

and the Indian pangolin (M. crassicaudata) which is Endangered (IUCN  2020). Both species are 

globally threatened due to illegal poaching and trade for their meat, scales and skin (Challender et 

al. 2020). They are listed on CITES Appendix I, which prohibits international and commercial 

trade of wild pangolins. In Nepal, pangolins are an Endangered species, protected under the 

National Parks and Wildlife Conservation Act 1973 (DNPWC and DFO 2018). Although 

legislation exists to protect pangolins in all range countries, illegal pangolin hunting is widespread 

and increasing in Nepal (Katuwal et al. 2015; Ghimire et al. 2020). Pangolins have also long been 

used for traditional medicine in Nepal (Katuwal et al. 2015). The Chinese pangolin has mostly 

been recorded in the mid-hills region while the Indian pangolin is distributed mostly outside 

protected areas, in the southern and western lowland Terai, and mostly in human-dominated 

landscapes (Suwal et al. 2020). Given the presence of pangolins outside protected areas, 

community-based approaches could be vital for pangolin conservation and sustainable 

management.  

 

Nepal is not only rich in terms of biodiversity, it is also culturally diverse with 126 ethnic groups 

speaking 125 languages (CBS 2011). About 82% of the total population in Nepal (29.4 million; 

male = 45% and female = 55%) are living in rural areas (UNFPA 2017). Given that people are not 
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homogenous, local people will differ in their behaviours, knowledge, and perceptions of wild 

animals, which may be relevant to directing conservation efforts (Bitanyi et al. 2012). There is a 

lack of research exploring the perceptions, awareness, and use of pangolins for traditional medicine 

by local communities (Heigton and Gaubert 2021), and how this may be influenced by socio-

demographic characteristics. There has been only one interview-based study to investigate local 

knowledge of Chinese pangolin which was limited to a single district in Central Nepal (Sharma et 

al. 2020). Similarly, only one study on the ethnomedical importance of Chinese pangolin has been 

conducted in eastern Nepal (Katuwal et al. 2015), albeit with a limited number of interviewees. 

Therefore, we conducted a large-scale interview survey of local people, covering a wide 

geographical area of Nepal, with specific objectives to: a) understand the local ecological 

knowledge of pangolins, b) identify the ethnozoological uses and beliefs about pangolins and their 

body parts, and c) identify the willingness of local people to engage in pangolin conservation and 

their preferred conservation solutions.  

 

METHODS 

Study Area 

Our study was focused outside of protected areas and based on interviews with local people. Our 

survey was conducted in villages/rural areas in 21 districts covering all seven federal provinces of 

Nepal. According to the federal system of Nepal established by the current constitution of Nepal 

(GoN 2015), the country has been divided into 7 provinces, 77 districts (Supplementary Table 1), 

and 753 local units. Province 1 (P1) is the easternmost region varying between an altitude of 70m 

and 8,848m above sea level (asl), whereas Province 2 (P2) is located on the flat plains of the Terai. 

https://en.wikipedia.org/wiki/Districts_of_Nepal
https://en.wikipedia.org/wiki/Administrative_divisions_of_Nepal
about:blank
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Province 3 (P3) is situated in the central region with the capital city, Kathmandu, and has the 

largest population, followed by P2 and P1. Similarly, Province 4 (P4), Province 5 (P5), Province 

6 (P6), and Province 7 (P7) have the lowest population and are located in the western region of the 

country which varies from lowland Terai to Mid-Hills and the high Himalayas. Topographically, 

the study area covers the Terai and Mid-Hills (Figure 1). Terai regions cover 17% of Nepal's land 

area, lie at an elevation between 60m and 305m asl, and mainly support tropical and subtropical 

grasslands and evergreen forests with Sal trees. Hilly regions begin with the Mahabharata range 

varying in altitude from 1,000 m to 2,700 m asl and covers 68% of the total area of Nepal. It has a 

subtropical climate at low altitudes and a temperate climate at high altitudes.   

 

Figure 1. Districts that were surveyed within each Province in Nepal, showing the Terai, and Mid-

hill areas, as well as the protected areas.  
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Data Collection 

Data were collected from 21 districts; three districts from each province. A total of 105 villages, 

five per district, were selected to cover a wide geographical area. The villages nearer to pangolin 

habitat were targeted for the survey to understand local people’s knowledge, ethnozoological 

practices, and willingness of local people to engage in pangolin conservation. A minimum of 10 

respondents per village were sampled to ensure a wider and more representative sample of 

respondents from each district. We interviewed one respondent per household above the age of 18 

and considered the equal representation of respondents based on their sex, age, education levels, 

and occupations (Supplementary Figure 1). We interviewed 1,017 people from rural communities 

across all seven provinces (P1-135 people in eastern Nepal, P2-153 and P3-142 in central Nepal, 

and P4-136, P5-180, P6-129, and P7-142 in western Nepal) aged between 18 to 80 years old.  

 

A set of semi-structured questionnaires were prepared in Nepali. Forty-two local interviewers 

including both bachelor (n=7) and master’s degree (n=9) natural science students along with forest 

staff (n=5) and local resident assistants (n=21) were hired to conduct interviews to make 

respondents more comfortable and facilitate communication in their mother tongue. Furthermore, 

respondents could easily contact us through the interviewers from their location in their own 

language. Each interview lasted approximately 30-40 minutes. Upon being approached, all 

respondents were given a full account of the purpose of the study and informed that participation 

was entirely voluntary. For those who accepted to participate, we acquired verbal consent from all 

respondents before conducting the questionnaire survey, and respondents remained anonymous. 
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The relevant bodies of the Government of Nepal (the Department of National Parks and Wildlife 

Conservation and the Department of Forests and Soil Conservation) approved this study.  

 

A standardized questionnaire survey with open- and closed-ended questions was conducted 

(Newing et al. 2011) to gather information regarding: a) Respondents background and 

demographic profile: gender, age, education, occupation, family size, and their ethnicity; b) local 

ecological knowledge about pangolins including their behavior, diet, habitat, indirect signs such 

as burrows, pug marks and fecal pellets and reproduction, c) ethnozoological uses and beliefs about 

pangolins, and d) willingness to conserve pangolins with long-term solutions. Color-printed 

photographs of the two pangolin species (Chinese and Indian pangolins) were displayed to ask 

respondents about the species that they have seen, heard about, and/or found in their areas. 

Moreover, participants were classified into Indigenous and Non-indigenous groups based on their 

cast, mother tongue, tradition, and culture (Supplementary Table 2). Similarly, the ethnozoological 

beliefs and uses were divided into different categories based on types of beliefs and uses 

(Supplementary Table 3). Knowledge level was classified into three groups based on the total 

number of questions answered correctly based on the responses collected during the interviews: 

High (>6 questions answered correctly), Medium (3-5 questions answered correctly), and Low (<2 

questions answered correctly; Supplementary Table 4). It is important to note that research 

participants decline to provide knowledge to interviewers for innumerable reasons; therefore, our 

score should be seen as more indicative of what was shared than what knowledge participants held. 
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Data Analysis 

Questionnaire data were translated into English for data analysis. Excluding 33 unclear and 

incomplete answer sheets out of 1,050 interviews, we acquired a total of 1,017 completed 

questionnaires, which were included in the data analysis. We used R version 3.4. (R Development 

Core Team 2020) for statistical analysis. We used numerical codes for answers where possible 

such as for yes/no responses, categories of age groups, and family sizes, or used the narrative 

responses as qualitative data (Kusi et al. 2020). We used knowledge level scores as response 

variables and province, topography, gender, age group, education level, occupation, family size, 

and ethnic group as predictor variables in order to understand the influence of these demographic 

and biogeographical factors on local knowledge about pangolins.  

 

We treated “village” identity as a random factor to account for spatial clustering. Since the data 

included continuous, ordinal, and nominal variables, different methods were adopted for the 

different combinations of variable types. We ran Fisher’s exact test for nominal variables, Kruskal-

Wallis tests on combinations of numeric to nominal and ordinal to nominal variables. 

Combinations of nominal variables were examined using Cramer’s V, with a cut-off criterion of 

0.5 (Ellis et al. 2010). These tests were used in combination with variance inflation factors (VIFs) 

to explore collinearity among predictors using the rms package (Harrell Jr  2021). VIFs above the 

value 10 indicate a serious collinearity problem (Lin 2008). Where evidence for high collinearity 

was present, we excluded the variables that were substantially collinear (Miles 2014). Descriptive 

statistical tests were used to compute cross-tabulations and χ2 tests to determine association and 

significance between two dependent variables. There were no problematic levels of collinearity 
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between the variables in our study.  We fitted a cumulative link mixed-effects model with the clmm 

function in the ordinal package (Christensen 2011) to construct models predicting ordinal 

responses from a series of generalized linear mixed models (GLMMs).  

 

We used the R package effects (Fox et al. 2020) to visualize the effect sizes for predictors of 

knowledge scores fitted with the global model. We used an Information Theoretic approach for 

model selection (Grueber et al. 2011) and applied the Akaike's Information Criterion (AICc) for 

ranking the models (Beier et al. 2001). The model with the lowest AICc was considered the best 

supported model given the data, and the remaining models were ranked from best to worst, with 

increasing AICc values (Anderson et al. 2000; Burnham et al. 2011). The differences among the 

models are represented by ΔAICc - the gain in AICc over the model with the lowest value of AICc. 

Top models with ΔAICc < 2 are considered to be better supported than other available candidate 

models. The model weights were calculated using R package MuMIn (Barton and Barton 2020) to 

evaluate relative model weights in the set of candidate models (Bolker et al. 2009). We examined 

parameter estimates of variables in the global models in order to assess the marginal significance 

of their effect on overall knowledge scores. We accounted for model uncertainty by using model 

averaging based on model weights (Beier et al. 2001) and averaged the parameter estimates in all 

the models to a cumulative weight of 0.95. We compared the willingness of respondents to support 

different types of pangolin conservation, and the proportion of respondents willing to support 

different preferred conservation solutions, graphically.  
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RESULTS 

Respondent Characteristics 

Among respondents, 55.3% were male and 33.0% were aged 31-45 years. Nearly an equal 

percentage of respondents had primary (30%) and secondary education levels (29%). Half of the 

respondents were farmers (52.1%), while 57.6% were living in a joint family of between 5-8 

members, and 53.2% belonged to an indigenous community. The number of respondents was the 

highest from Province 5 (17.7%), the western region of the country (Supplementary Table 5).  

 

Local Ecological Knowledge 

The majority of respondents (64.1%, n= 652) were able to recognize pangolins and provided some 

supporting information on species presence when we showed them photographs of pangolins. The 

respondents mostly knew the species by the common Nepali name ‘Salak’ (38.9%, n= 396) and 

‘Sal machha’ (12.3%, n= 125). The respondents from the Tharu indigenous community in Saptari 

district referred to pangolins by the local names ‘Pakhe machha’ (1.0%, n=10) and ‘Kahot machha’ 

(2.4%, n= 24). Approximately fifty percentage of respondents claimed to have seen a pangolin, 

among which 37.4% had seen one alive, whereas 9.8% had seen one dead and 4.2% had seen both 

live and dead pangolins. 33.3% of respondents explained that they had encountered pangolins 

mostly in forests, 4.1% of respondents mentioned they encountered the species in agricultural land, 

8.4% mentioned encountering them near human settlements, 0.9% in shrubland/grassland, while 

3.2% mentioned seeing rescued pangolins captive in forest offices and 0.9% reported seeing one 

in and around water bodies. Most of the respondents reported they had not seen indirect signs of 

pangolin (62.5%) and did not know about the food habit (59.6%) and behavior (55.3%) of 
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pangolin. The majority of respondents (64.8%) stated they knew about the habitat of pangolins, 

however most stated they did not know about the reproduction age of pangolins (94.7%), their 

litter size (89.8%), or the reproduction months/seasons (95.6%) of pangolins.  

 

Based on our scoring system, the majority of respondents (63.0%) from Province 1 (eastern Nepal) 

had a higher knowledge score, while those from Province 6 (71.0%) had lower knowledge scores 

among the provinces. Similarly, the respondents from the mid-hill region (46.0%) had lower 

pangolin knowledge scores in comparison to those from the lowland Terai. Among the districts, 

the respondents from Khotang district had the highest pangolin knowledge scores (78.0%), 

followed by those from Morang (71.0%), both in eastern Nepal, while Achham and Salyan districts 

had the lowest pangolin knowledge scores, both in western Nepal (100%) (Supplementary Figure 

2).  

 

The top models (ΔAICc< 2) predicting the knowledge score about pangolins contained province, 

ethnicity, occupation, gender, and age group as the predictor variables (Supplementary Table 6). 

Province was consistently included in the higher-ranked models predicting the knowledge score. 

Model-averaged parameter estimates provided evidence that provinces were highly statistically 

significant with respondents from Province 6 representing significantly lower knowledge scores 

(Estimate= -4.47, p= <0.001) followed by Province 5 (Estimate= -3.46, p= <0.001), and Province 

7 (Estimate= -2.89, p= <0.001) (Table 1), all in western Nepal. Similarly, the model-averaged 

parameter estimates predicted that the respondents belonging to the age group above 60 years 

represented significantly higher knowledge scores (Estimate= 0.88, p<0.001) followed by those 
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holding the government service jobs (Estimate= 0.85, p= 0.008) (Table 1 and Figure 2; 

Supplementary Figure 3).    

 

Table 1. GLMM of ordinal knowledge score about pangolins in Nepal.  

Model-averaged coefficients: (conditional average) 

Predictors Estimate Std. Error z value Pr(>|z|) Sig. 

Age group: 31-45 0.62 0.23 2.71 0.0067 ** 

Age group: 46-60 0.37 0.24 1.53 0.1250  

Age group: Above 60 0.88 0.27 3.28 0.0010 ** 

Ethnicity: Non-Indigenous -0.48 0.16 3.02 0.0026 ** 

Gender: Male 0.34 0.14 2.48 0.0131 * 

Occupation: Farmer 0.30 0.27 1.10 0.2697  

Occupation: Government service 0.85 0.32 2.64 0.0083 ** 

Occupation: Self- employed 0.00 0.31 0.01 0.9946  

Occupation: Student 0.01 0.36 0.03 0.9774  

Province: P2 (central Nepal) -2.01 0.57 3.54 0.0004 *** 

Province: P3 (central Nepal) -2.20 0.53 4.12 0.0000 *** 

Province: P4 (western Nepal) -2.78 0.53 5.21 0.0000 *** 

Province: P5 (western Nepal) -3.46 0.54 6.46 < 2e-16 *** 

Province: P6 (western Nepal) -4.47 0.63 7.12 < 2e-16 *** 

Province: P7 (western Nepal) -2.89 0.55 5.21 0.0000 *** 

Topography: Terai 0.36 0.38 0.94 0.3477  
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Education: Primary 0.00 0.20 0.00 0.9975  

Education: Secondary -0.19 0.23 0.84 0.4016  

Education: Tertiary 0.25 0.28 0.90 0.3685  

Family size: 5-8 members  0.11 0.17 0.61 0.5409  

Family size: 9-12 members  0.14 0.25 0.55 0.5842  

Family size: >12 members  0.29 0.40 0.73 0.4634  

Significance codes:  ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Figure 2: Effect plots illustrating the influence of predictors on knowledge score (-1 = low 

knowledge score; 0 score= medium knowledge score; +1= high knowledge score).                                                                                 
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Ethnozoological Uses and Beliefs 

Respondents from 15 out of 21 surveyed districts of pangolin range areas had used or heard about 

the medicinal use of pangolins and their body parts, especially meat and scales. A total of 233 

respondents reported information about different uses and beliefs regarding the pangolin and the 

uses of its body parts (Figure 3; Supplementary Table 3). Nearly fifty percentage (48.0%) of 

respondents believed that the use of pangolin was for traditional medicine as well as the spiritual 

creatures that provide guidance and protection (spiritual beliefs) (19.0%) (Figure 3). The meat and 

powdered scales were used as healing medicine for various kinds of diseases such as back cramps, 

breathing problems, wound relief, paralysis, pneumonia, tuberculosis in Dhanusa, Rautahat, and 

Dhading in central Nepal, and Banke and Bardiya districts in western Nepal. The local people in 

the Myagdi district, western Nepal used scale powder to cure stomach pain and gastritis, and those 

in Banke, the same region of Nepal, believed it cured malnutrition and piles. We did not find locals 

wearing rings and bangles made of pangolins scales, however, we found an adult male in Rautahat 

district, central Nepal, wearing an Indian pangolin scale on his neck with the belief that it will 

chase away evil and black magic (Figure 4a). Locals from Jhapa (eastern Nepal), Dhanusa (western 

Nepal) and Myagdi (western Nepal) said that they had consumed pangolin meat before. We had 

recorded an old photo of a pangolin tied with a rope and children playing with the pangolin in 

Saptari district in the lowland Terai region.  

 

Traditional healers, or shaman (Dhami/Jhakiri), used pangolin scales to make the bottom of their 

coats to fight against bad powers, remove ghosts and negative energies from the human body, and 

protect them against different harmful powers. Oil made from pangolins was used to worship gods 
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and goddesses in different national festivals such as Dashain and Maghesangarti in the Saptari 

district, in the lowland Terai region. Respondents from Morang, Khotang, and Saptari districts 

shared that they dipped the rings of pangolin scales in food and alcoholic drinks to test for poison.   

Respondents from different locations had varying beliefs about pangolins. Sighting a pangolin in 

the wild is considered as a sign of good luck in some areas of eastern (Khotang), central (Nuwakot, 

Nawalpur, Myagdi, Lamjung), and western (Kailali) Nepal. Some respondents stated that they 

believed that if they hung pangolin scales in the main door/gate or outside of windows, it would 

chase away demons or any dangers. Similarly, when they kept or hung the scales on baby seaters 

(Kokro) (Figure 4b), some respondents believed it would protect the child from bad evil, black 

magic, and negative energies. Some respondents also held the belief that if they put scales and 

money together in a money box it would bring good luck and help to increase their financial status. 

Some indigenous respondents from the Ruatahat district, lowland Terai, also believed that when 

they put the gem-shaped pangolin scales in the river, it reversed the flow of the river upstream. 
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Figure 3. Uses and beliefs about pangolins and their body parts in Nepal. See Supplementary Table 

3 for definitions.  

 

 

Figure 4: The scale of an Indian pangolin used as necklace (a), and another scale hung on a baby 

seater (b). 
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Respondents’ Willingness to Support Pangolin Conservation Actions 

The majority of respondents (71.1%) were found to be willing to engage in or support the 

conservation of pangolins in their respective areas. Almost all respondents (90.0%) from Province 

5, western Nepal, and from the lowland Terai (82.0%) agreed they would support pangolin 

conservation. The willingness to support pangolin conservation was significantly influenced by 

gender, age group, occupation, and family size (Supplementary Table 7). Male respondents 

(74.0%), those aged between 46-60 (76.0%), government services holders and businessmen (both 

79.0%), and those with big family sizes of >12 family members (89.0%) were more willing to 

conserve pangolins in their areas (Figure 5). The majority of respondents (79.0%), who were 

willing to support pangolin conservation, considered awareness programs as their preferred 

activity. Similarly, 78% of respondents supported habitat management; however, 71% of the 

respondents did not support donation programs though they expressed their willingness to support 

pangolin conservation (Supplementary Figure 4). When we asked the respondents whether they 

were willing to support pangolin conservation and which solution they would prefer as the best 

solution for long-term pangolin conservation, 78% of willing respondents supported provision of 

educational opportunities as their preferred solution for the long-term conservation of pangolins. 

Similarly, 87% of those who showed willingness, preferred alternative livelihood programs for 

local people. Though willing to support pangolin conservation, 74% of respondents did not prefer 

employment opportunities as a preferred solution. Furthermore, 80% of respondents who 

expressed willingness to support conservation, preferred income-generating as the preferred 

solution to support the long-term conservation of the species (Supplementary Figure 5).  
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Figure 5. The willingness of respondents to support the conservation of pangolins, separated by 

gender (a), age group (b), occupation (c), education level (d), family size (e), and ethnicity (f).  
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DISCUSSION 

We present a large-scale community-based social survey about the conservation of the world’s 

most trafficked wild mammal species, pangolins, which are mostly recorded outside of protected 

areas in the rural regions of Nepal (Suwal et al. 2020). Our study provides potentially important 

insights to understand diverse biogeographical, demographic, and socio-economic factors 

influencing the local ecological knowledge about pangolins and the willingness of locals to support 

the conservation of the species.  

 

The study findings showed that more than half of the total respondents could recognize pangolins, 

however more than half of the respondents were not aware of the ecological, reproductive, and 

behavioral aspects of the species. Similarly, though there has been an increase in pangolin-related 

publications in recent years, there are still large knowledge gaps in the literature regarding different 

aspects of the species globally (Heighton and Gaubert 2021), including limited research on 

pangolin ecology in Nepal (Suwal et al. 2020). Our study suggests that detailed ecological studies 

(including research on wild behavior and reproduction) combined with conservation outreach 

programs based on these scientific studies could be beneficial in filling these knowledge gaps and 

increasing awareness about the species.  

 

This study reported that respondents’ pangolin knowledge scores significantly varied among 

different demographic variables. Male respondents were found to have higher pangolin knowledge 

scores which could be attributed to the fact that the majority of males in rural areas are exposed to 

wider activities through education and job opportunities than females who are often limited to 
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household chores (Yamamoto et al. 2019). The older generations (> 60 years old) have higher 

pangolin knowledge scores compared to those of younger respondents (< 30 years old). This may 

be because the older generations were more exposed to forest habitats and wildlife during their 

daily activities than the younger generations (Yang et al. 2015). Two to three decades ago, 

livelihoods in Nepal were highly dependent on natural resources, and people traveled to forests 

daily for fodder and firewood, increasing the likelihood of interacting with wild animals. 

Therefore, such experiences could have contributed to higher pangolin knowledge scores among 

older people. However, contrary to our study, people aged 25-35 years old were found to be most 

aware about pangolins in a study in Cameroon where pangolins are more common (Fopa et al. 

2020). Depending on their responsibilities and duties, government officials may have attended 

different conservation events organized by various levels of government and non-government 

agencies. This may explain why government officials had higher pangolin knowledge scores 

compared to those with other occupations, and students. Low pangolin knowledge scores among 

students could be due to the lack of information about pangolins in school curriculums, and the 

lack of related awareness programs on the species in schools. Integrating local knowledge into 

pangolin conservation may be possible if knowledge holders are directly engaged with as active 

participants in research and conservation education programs, possibly focusing on younger 

people and students. 

 

Respondents’ pangolin knowledge scores were also found to be significantly associated with the 

physiographic division of the study area. The low pangolin densities due to low habitat suitability 

in western Nepal  (Suwal et al. 2020), and/or the concentration of pangolin studies focused in other 

areas like eastern and central Nepal (Thapa et al. 2014; Katuwal et al. 2015), may have resulted in 



 
 
 

23 
 

lower pangolin knowledge scores from Province 6 respondents. Regular conservation education 

programs and awareness activities have been conducted in Province 1 in eastern Nepal with the 

support of different conservation organizations (KTK Belt and ZSL, and WWF Nepal), which may 

have raised awareness in the east. Larger occurrence of the species in the eastern and central parts 

of Nepal, due to greater potential habitat for the species (Suwal et al. 2020), could offer 

comparatively more encounters with pangolins for local people, and thus may explain the greater 

knowledge of pangolins in the east and center compared to the west. Research extended towards 

western Nepal could provide better insights into the occurrence and potential habitats of pangolins 

in those regions. Many protected areas (PAs) in Nepal are located in the lowland Terai, and the 

revenue from PAs are used for community development and incorporating community 

participation in wildlife conservation activities (Khatiwada et al. 2020).  This has had the effect of 

raising awareness of people living in and around the Pas about wildlife including pangolin. Greater 

knowledge about pangolins among indigenous people may be due to socio-cultural and religious 

factors, close connection with nature, given that indigenous communities possess diverse 

knowledge on different aspects of nature (Alam et al. 2011). 

 

Pangolin body parts were mostly reported as being used in traditional healing practices and were 

considered an important source of treatment by local traditional healers as reported in other range 

countries such as India (Mohapatra et al. 2015; D’Cruze et al. 2018), Sri Lanka (Perera et al. 2017) 

and Bangladesh (Trageser et al. 2017) in Asia, and Nigeria (Soewu and Adekanola 2011), Benin 

(Zanvo et al. 2021) and Ghana (Boakye et al. 2015) in West Africa. The  scales of pangolins are 

the most used body part and practitioners use the scales to fight against bad powers and evil spirits, 

supporting the findings of other studies in Nepal (Katuwal et al. 2015). Although the 
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ethnomedicinal uses of pangolins have been recorded in almost all range countries of Asia and 

Africa (CITES 2017; Soewu et al. 2019), our study recorded very unique uses of pangolin scales. 

Some respondents shared that the ring made of pangolin scales were dipped into food and drinks 

to test poisons, and gem-shaped scales were used in rituals to worship rivers with a belief that it 

could cause rivers to flow in the opposite direction. Although rare, pangolin scales were also 

reportedly kept in boxes with money, believing the scales would help in financial prosperity. The 

majority of uses of pangolin body parts and associated beliefs were for traditional medicine, which 

are likely to be associated with socio-economic conditions, ethnicity, and cultural and religious 

beliefs of the communities (Fokunang et al. 2011; Rumun 2014). Given that traditional medicine 

is being practiced widely across the country, it could be beneficial to work with traditional healers 

on guidelines for good practices and raising awareness of the conservation status of currently 

utilized species.   

 

The majority of respondents, especially those from the lowland provinces, along with central 

Nepal, were willing to support pangolin conservation efforts in their areas, where pangolin 

research and conservation activities have previously been conducted. Similarly, those respondents 

which had comparatively good pangolin knowledge scores such as males, respondents aged >60 

years, government services holders, and those living with large family sizes (>12) were more 

willing to conserve pangolins in their areas (Biddlecom et al. 2005). During this study, many of 

the respondents indicated that they would be willing to support law enforcement, habitat 

management, and awareness programs, similar to a study conducted on leopard cats in rural 

Taiwan (Best and Pei 2018). The solutions reported as the most preferable for long-term 

conservation of pangolins were wider educational and awareness raising programs, then alternative 
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livelihoods and employment opportunities including income-generating training for local people. 

The results of our study suggests that community engagement in wildlife conservation, including 

pangolin conservation, is likely to be successful (Cooney and Challender 2020). National and local 

governments, as well as conservation organizations, should develop strategic plans focusing the 

nature-based practical education, capacity-building training and possibly ecotourism for dual 

conservation and development to benefit both wildlife and local communities. 

 

CONCLUSIONS AND IMPLICATIONS FOR CONSERVATION  

Understanding local knowledge about pangolins and public support for pangolin conservation by 

communities residing within the species’ habitats across Nepal can catalyze further actions and 

effective management for conservation. The relatively low pangolin knowledge scores of 

respondents in different provinces and ecological regions shows the need for awareness-raising 

programs, and further studies on pangolin ecology, reproduction, and behavior. Pangolin 

conservation education and awareness-raising campaigns should be conducted among the youth, 

females, and students in particular. In addition, information regarding pangolins, their ecological 

values, and conservation, needs to be integrated into the school curriculum for the long-term 

conservation of the species. The results we present here will also support the newly formed 

Provincial governments to develop pangolin conservation strategies by incorporating pangolins 

into their province-based activities. We found that the majority of people we had interviewed were 

willing to support the conservation of pangolin in their areas. Given these results, we are hopeful 

for pangolin conservation in Nepal, which could be supported by local communities.  

 



 
 
 

26 
 

ACKNOWLEDGMENTS 

We thank the Department of National Parks and Wildlife Conservation and the Department of 

Forests and Soil Conservation for permitting this study. Thanks also go to Save Pangolins, USA 

(Project code: NP-TS-01-SP) for partial funding to study pangolins in Nepal. We acknowledge 

Arjun Thapa, Dinesh Neupane, Roshan Chaudary, Resam DC, Dhirga BK, Madan Acharya, 

Narayan Lamichhane, Manoj Sharma, and Shyam Saru who assisted and supported the interviews. 

Special thanks go to all respondents who actively participated and engaged in our questionnaire 

survey.  

 

DECLARATION OF INTEREST STATEMENT 

The authors declare that they have no potential conflicts of interest with respect to research, 

authorship, and/or publication of this article.  

 

ORICD 

Tulshi Laxmi Suwal: http://orcid.org/0000-0002-3273-4216 

Kutis Jai-Chyi Pei: https://orcid.org/0000-0001-6454-7628 

Daniel J. Ingram: http://orcid.org/0000-0001-5843-220X 

 

 

 

http://orcid.org/0000-0002-3273-4216
https://orcid.org/0000-0001-6454-7628
http://orcid.org/0000-0001-5843-220X


 
 
 

27 
 

REFERENCES 

Alam, N., Z. K. Shinwari, M. Ilyas, and Z. Ullah. 2011. Indigenous Knowledge of Medicinal 

Plants of Chagharzai Valley, District Buner, Pakistan. Pakistan Journal of Botany 43:773–780. 

Anderson, D. R., K. P. Burnham, and W. L. Thompson. 2000. Null Hypothesis Testing: 

Problems, Prevalence, and an Alternative. The Journal of Wildlife Management 64:912–923. doi: 

10.2307/3803199. 

Archer, L. J., S. K. Papworth, C. M. Apale, D. B. Corona, J. T. Gacilos, R. L. Amada, C. 

Waterman, and S. T. Turvey. 2020. Scaling up Local Ecological Knowledge to Prioritise Areas 

for Protection: Determining Philippine Pangolin Distribution, Status and Threats. Global 

Ecology and Conservation 24:e01395. doi: 10.1016/j.gecco.2020.e01395. 

Barton, K., and M. K. Barton. 2020. MuMIn: Multi-Model Inference. R Package Version 

1.43.17. Version 1:18. 

Beier, P., K. P. Burnham, and D. R. Anderson. 2001. Model Selection and Inference: A Practical 

Information-Theoretic Approach. The Journal of Wildlife Management. doi: 10.2307/3803117. 

Best, I., and K. J. C. Pei. 2020. Factors Influencing Local Attitudes towards the Conservation of 

Leopard Cats Prionailurus Bengalensis in Rural Taiwan. Oryx 54:866–872. doi: 

10.1017/S0030605318000984. 

Biddlecom, A. E., W. G. Axinn, and J. S. Barber. 2005. Environmental Effects on Family Size 

Preferences and Subsequent Reproductive Behavior in Nepal. Population and Environment 26. 

doi: 10.1007/s11111-005-1874-9. 

Bitanyi, S., M. Nesje, L. J. M. Kusiluka, S. W. Chenyambuga, and B. P. Kaltenborn. 2012. 

Awareness and Perceptions of Local People about Wildlife Hunting in Western Serengeti 

Communities. Tropical Conservation Science 5:208–224. doi: 10.1177/194008291200500209. 

Bolker, B. M., M. E. Brooks, C. J. Clark, S. W. Geange, J. R. Poulsen, M. H. H. Stevens, and J. 

S. S. White. 2009. Generalized Linear Mixed Models: A Practical Guide for Ecology and 

Evolution. Trends in Ecology and Evolution 24:127–135. doi: 10.1016/j.tree.2008.10.008. 

Burnham, K. P., D. R. Anderson, and K. P. Huyvaert. 2011. AIC Model Selection and 



 
 
 

28 
 

Multimodel Inference in Behavioral Ecology: Some Background, Observations, and 

Comparisons. Behavioral Ecology and Sociobiology 65:23–35. doi: 10.1007/S00265-010-1029-

6. 

CBS, 2011. National Population and Housing Census 2011. Government of Nepal, National 

Planning Commission, Secretariat, Central Bureau of Statistics:270. 

Challender, D. W. S., S. Heinrich, C. R. Shepherd, and L. K. D. Katsis. 2020. International Trade 

and Trafficking in Pangolins, 1900–2019. Pangolins: Science, Society and Conservation:259–

276. doi: 10.1016/B978-0-12-815507-3.00016-2. 

Charnley, S., A. P. Fischer, and E. T. Jones. 2007. Integrating Traditional and Local Ecological 

Knowledge into Forest Biodiversity Conservation in the Pacific Northwest. Forest Ecology and 

Management 246:14–28. doi: 10.1016/j.foreco.2007.03.047. 

Christensen, R. H. B. 2011. A Tutorial on Fitting Cumulative Link Mixed Models with Clmm2 

from the Ordinal Package. Analysis 1:1–18. 

CITES, and Cop17. 2017. The Status, Trade and Conservation of Pangolins (Manis spp.) 

Information Document for the 17 th Meeting of the Conference of the Parties to CITES. 

Cooney, R., and D. W. S. Challender. 2020. Engaging Local Communities in Responses to 

Illegal Trade in Pangolins: Who, Why and How? Pangolins: Science, Society and 

Conservation:269-383. https://doi.org/10.1016/B978-0-12-815507-3.00023-X 

D’Cruze, N., B. Singh, A. Mookerjee, L. A. Harrington, and D. W. Macdonald. 2018. A Socio-

Economic Survey of Pangolin Hunting in Assam, Northeast India. Nature Conservation 30:83–

105. doi: 10.3897/natureconservation. 

DNPWC, and DoF. 2022. Pangolin Conservation Action Plan for Nepal (2018-2022) Department 

of National Parks and Wildlife Conservation and Department of Forests, Barbarmahal, 

Kathmandu. 

Ellis, E. C., K. K. Goldewijk, S. Siebert, D. Lightman, and N. Ramankutty. 2010. Anthropogenic 

Transformation of the Biomes, 1700 to 2000. Global Ecology and Biogeography 19:589–606. 

doi: 10.1111/J.1466-8238.2010.00540.X. 



 
 
 

29 
 

Fernandez-gimenez, A. M. E. 2000. The Role of Mongolian Nomadic Pastoralists ’ Ecological 

Knowledge in Rangeland Management. Ecological Applications 10:1318–1326. 

Fokunang C.N., V. Ndikum, O.Y. Tabi, R.B. Jiofack,  B. Ngameni, N. M. Guedje, E.A.Tembe- 

Fokunang, P. Tomkins, S. Barkwan, F. Kechia, E. Asongalem, J. Ngoupayou, N. J. Torimiro, K. 

H. Gonsu, V. Sielinou, B.T. Ngadjui, F. Angwafor,  J. K.-K. Nkongmen. 2011. Traditional 

Medicine: Past, Present and Future Research and Development Prospects and Integration in the 

National Health System of Cameroon. African Journal  of Traditional Complement Alternative 

Medicine 8:284-295. 

Fopa, G. D., F. Simo, S. Kekeunou, I. G. Ichu, D. J. Ingram, and D. Olson. 2020. Understanding 

Local Ecological Knowledge, Ethnozoology, and Public Opinion to Improve Pangolin 

Conservation in the Center and East Regions of Cameroon. Journal of Ethnobiology 40:234–251. 

doi: 10.2993/0278-0771-40.2.234. 

Fox, J., S. Weisberg, B. Price, M. Friendly, D. Firth, S. Taylor, and RCoreTeam. 2020. Package 

‘Effects’: Effect Displays for Linear, Generalised Linear, and Other Models. Version 4.2-0. :1–

35. 

Gandiwa, E. 2012. Local Knowledge and Perceptions of Animal Population Abundances by 

Communities Adjacent to the Northern Gonarezhou National Park, Zimbabwe. Tropical 

Conservation Science 5:255–269. doi: 10.1177/194008291200500303. 

Ghimire, P., N. Raut, P. Khanal, S. Acharya, and S. Upadhaya. 2020. Species in Peril: Assessing 

the Status of the Trade in Pangolins in Nepal. Journal of Threatened Taxa 12:15776–15783. doi: 

10.11609/jott.5698.12.8.15776-15783. 

Government of Nepal. 2015.The Constitution of Nepal. pp. 240. 

Grueber, C. E., S. Nakagawa, R. J. Laws, and I. G. Jamieson. 2011. Multimodel Inference in 

Ecology and Evolution: Challenges and Solutions. Journal of Evolutionary Biology 24:699–711. 

doi: 10.1111/j.1420-9101.2010.02210.x. 

Heigton, S. P., and P. Gaubert. 2021. A Timely Systematic Review on Pangolin Research, 

Commercialization, and Popularization to Identify Knowledge Gaps and Produce Conservation 

Guidelines. Biological Conservation 256. https://doi.org/10.1016/j.biocon.2021.109042 



 
 
 

30 
 

Hill, R., Ç. Adem, W. V. Alangui, Z. Molnár, Y. Aumeeruddy-Thomas, P. Bridgewater, M. 

Tengö, R. Thaman, C. Y. Adou Yao, F. Berkes, J. Carino, M. Carneiro da Cunha, M. C. Diaw, S. 

Díaz, V. E. Figueroa, J. Fisher, P. Hardison, K. Ichikawa, P. Kariuki, M. Karki, P. O. Lyver, P. 

Malmer, O. Masardule, A. A. Oteng Yeboah, D. Pacheco, T. Pataridze, E. Perez, M. M. Roué, H. 

Roba, J. Rubis, O. Saito, and D. Xue. 2020. Working with Indigenous, Local and Scientific 

Knowledge in Assessments of Nature and Nature’s Linkages with People. Current Opinion in 

Environmental Sustainability 43:8–20. doi: 10.1016/J.COSUST.2019.12.006. 

IUCN. 2019. IUCN Red List of Threatened Species. 

https://www.iucnredlist.org/search?query=pangolin&searchType=species. Accessed November 

5, 2021. 

Katuwal, H. B., K. R. Neupane, D. Adhikari, M. Sharma, and S. Thapa. 2015. Pangolins in 

Eastern Nepal: Trade and Ethno-Medicinal Importance. Journal of Threatened Taxa 7:7563–

7567. doi: 10.11609/JoTT.o4202.7563-7. 

Katuwal, H. B., K. Parajuli, and S. Sharma. 2016. Money Overweighed the Traditional Beliefs 

for Hunting of Chinese Pangolins in Nepal. Journal of Biodiversity & Endangered Species 04:3–

5. doi: 10.4172/2332-2543.1000173. 

Khatiwada, A. P., T. L. Suwal, W. Wright, D. Roe, P. Kaspal, S. Thapa, and K. Paudel. 2020. 

Community Conservation in Nepal - Opportunities and Challenges for Pangolin Conservation. 

Pangolins: Science, Society and Conservation:395-409. doi: 10.1016/B978-0-12-815507-

3.00025-3. 

Kupika, O. L., E. Gandiwa, G. Nhamo, and S. Kativu. 2019. Local Ecological Knowledge on 

Climate Change and Ecosystem-Based Adaptation Strategies Promote Resilience in the Middle 

Zambezi Biosphere Reserve, Zimbabwe. Scientifica. doi: 10.1155/2019/3069254. 

Kusi, N., C. Sillero‐Zubiri, D. W. Macdonald, P. J. Johnson, and G. Werhahn. 2020. Perspectives 

of Traditional Himalayan Communities on Fostering Coexistence with Himalayan Wolf and 

Snow Leopard. Conservation Science and Practice 2:1–16. doi: 10.1111/csp2.165. 

Boakye, M. K., M., D. W. Pietersen, A. Kotzé, D.-L. Dalton, and R. Jansen. 2015. Knowledge 

and Uses of African Pangolins as a Source of Traditional Medicine in Ghana. PLoS ONE 10: 



 
 
 

31 
 

e0117199. doi:10.1371/ journal.pone.0117199. 

Lin, F. J. 2008. Solving Multicollinearity in the Process of Fitting Regression Model Using the 

Nested Estimate Procedure. Quality and Quantity 42:417–426. doi: 10.1007/S11135-006-9055-1. 

Miles, J. 2014. Tolerance and Variance Inflation Factor. Wiley StatsRef: Statistics Reference 

Online:1–2. doi: 10.1002/9781118445112.stat06593. 

Mohapatra, R. K., S. Panda, M. V. Nair, A. Acharjyo, L. N., and D. W. . Challender. 2015. A 

Note on the Illegal Trade and Use of Pangolin Body Parts in India. TRAFFIC Bullentin 1:33–40. 

Mouafo, A. D. T., D. J. Ingram, R. Tegang Pagning, I. C. Nfor Ngwayi, and T. B. Mayaka. 2021. 

Local Knowledge and Use of Pangolins by Culturally Diverse Communities in the Forest-

Savannah Transition Area of Cameroon. Tropical Conservation Science 14. doi: 

10.1177/19400829211028138. 

Nash, H. C., M. H. G. Wong, and S. T. Turvey. 2016. Using Local Ecological Knowledge to 

Determine Status and Threats of the Critically Endangered Chinese Pangolin (Manis 

Pentadactyla) in Hainan, China. Biological Conservation 196:189–195. doi: 

10.1016/j.biocon.2016.02.025. 

Newing, H. 2011. 2021. Conducting Research in Conservation Science Methods and Practice. 

Angewandte Chemie International Edition, 6:951–952. 

Newmark, W. D., N. L. Leonard, H. I. Sariko, and D. G. M. Gamassa. 1993. Conservation 

Attitudes of Local People Living Adjacent to Five Protected Areas in Tanzania. Biological 

Conservation 63:177–183. doi: 10.1016/0006-3207(93)90507-W. 

Parry, L., and C. A. Peres. 2015. Evaluating the Use of Local Ecological Knowledge to Monitor 

Hunted Tropicalforest Wildlife over Large Spatial Scales. Ecology and Society 20. doi: 

10.5751/ES-07601-200315. 

Perera, P. K. P., K. V. D. H. R. Karawita, and M. G. T. Pabasara. 2017. Pangolins (Manis 

Crassicaudata) in Sri Lanka: A Review of Current Knowledge, Threats and Research Priorities. 

Journal of Tropical Forestry and Environment 7:1–14. doi: 10.31357/jtfe.v7i1.3018. 

R: Effect Displays for Linear, Generalized Linear, and Other.2021. https://search.r-



 
 
 

32 
 

project.org/CRAN/refmans/effects/html/effects-package.html. Accessed November 8, 2021. 

Rumun, A. J. 2014. 2014. Influence of Religious Beliefs on Healthcare Practice. International 

Journal of Education and Research 2:37–48. 

Sharma, S., H. P. Sharma, H. B. Katuwal, and J. L. Belant. 2020a. Knowledge of the Critically 

Endangered Chinese Pangolin (Manis Pentadactyla) by Local People in Sindhupalchok, Nepal. 

Global Ecology and Conservation 23:e01052. doi: 10.1016/j.gecco.2020.e01052. 

Soewu, D. A., and T. A. Adekanola. 2011. Traditional-Medical Knowledge and Perception of 

Pangolins (Manis Sps) among the Awori People, Southwestern Nigeria. Journal of Ethnobiology 

and Ethnomedicine 7:1–11. doi: 10.1186/1746-4269-7-25/TABLES/8. 

Soewu, D., D. J. Ingram, R. Jansen, O. Sodeinde, and D. W. Pietersen. 2019. Bushmeat and 

beyond: Historic and Contemporary Use in Africa. Pangolins: Science, Society and 

Conservation:241–258. doi: 10.1016/B978-0-12-815507-3.00015-0. 

Suwal, T. L., A. Thapa, S. Gurung, P. C. Aryal, H. Basnet, K. Basnet, K. B. Shah, S. Thapa, S. 

Koirala, S. Dahal, H. B. Katuwal, N. Sharma, S. R. Jnawali, K. Khanal, M. Dhakal, K. P. 

Acharya, D. J. Ingram, and K. J.-C. Pei. 2020. Predicting the Potential Distribution and Habitat 

Variables Associated with Pangolins in Nepal. Global Ecology and Conservation 23. doi: 

10.1016/j.gecco.2020.e01049. 

Thapa, P., A. P. Khatiwada, S. C. Nepali, and S. Paudel. 2014. Distribution and Conservation 

Status of Chinese Pangolin (Manis Pentadactyla) in Nangkholyang VDC, Taplejung, Eastern 

Nepal. American Journal of Zoological Research 2:16–21. doi: 10.12691/ajzr-2-1-3. 

Torrents-Ticó, M., Á. Fernández-Llamazares, D. Burgas, and M. Cabeza. 2021. Convergences 

and Divergences between Scientific and Indigenous and Local Knowledge Contribute to Inform 

Carnivore Conservation. Ambio 50:990–1002. doi: 10.1007/S13280-020-01443-4/TABLES/3. 

Trageser, S. J., A. Ghose, M. Faisal, P. Mro, P. Mro, and S. C. Rahman. 2017. Pangolin 

Distribution and Conservation Status in Bangladesh. PLoS ONE 12. doi: 

10.1371/journal.pone.0175450. 

Turvey, S. T., C. Fernández-Secades, J. M. Nuñez-Miño, T. Hart, P. Martinez, J. L. Brocca, and 



 
 
 

33 
 

R. P. Young. 2014. Is Local Ecological Knowledge a Useful Conservation Tool for Small 

Mammals in a Caribbean Multicultural Landscape? Biological Conservation 169:189–197. doi: 

10.1016/J.BIOCON.2013.11.018. 

Turvey, S. T., C. T. Trung, V. D. Quyet, H. Van Nhu, D. Van Thoai, V. C. A. Tuan, D. T. Hoa, 

K. Kacha, T. Sysomphone, S. Wallate, C. T. T. Hai, N. Van Thanh, and N. M. Wilkinson. 2015. 

Interview-Based Sighting Histories Can Inform Regional Conservation Prioritization for Highly 

Threatened Cryptic Species. Journal of Applied Ecology 52:422–433. doi: 10.1111/1365-

2664.12382. 

UNFPA. 2017. Population Situation Analysis of Nepal. Unfpa Nepal . pp. 74. 

Walker, E. 2003. Regression Modeling Strategies. Technometrics 45:170–170. doi: 

10.1198/tech.2003.s158. 

Willcox, D., H. C. Nash, S. Trageser, H. J. Kim, L. Hywood, E. Connelly, G. Ichu Ichu, J. 

Kambale Nyumu, C. L. Mousset Moumbolou, D. J. Ingram, and D. W. S. Challender. 2019. 

Evaluating Methods for Detecting and Monitoring Pangolin (Pholidata: Manidae) Populations. 

Global Ecology and Conservation 17. doi: 10.1016/J.GECCO.2019.E00539. 

Xing, S., T. C. Bonebrake, W. Cheng, M. Zhang, G. Ades, D. Shaw, and Y. Zhou. 2020. Meat 

and Medicine: Historic and Contemporary Use in Asia. Pangolins: Science, Society and 

Conservation:227–239. doi: 10.1016/B978-0-12-815507-3.00014-9. 

Yamamoto, Y., K. Matsumoto, K. Kawata, and S. Kaneko. 2019. Gender-Based Differences in 

Employment Opportunities and Wage Distribution in Nepal. Journal of Asian Economics 

64:101131. doi: 10.1016/J.ASIECO.2019.07.004. 

Yang, H., R. Harrison, Z. F. Yi, E. Goodale, M. X. Zhao, and J. C. Xu. 2015. Changing 

Perceptions of Forest Value and Attitudes toward Management of a Recently Established Nature 

Reserve: A Case Study in Southwest China. Forests 6:3136–3164. doi: 10.3390/f6093136. 

Zanvo, S., S. C. A. M. Djagoun, F. A. Azihou, B. Djossa, B. Sinsin, and P. Gaubert. 2021. 

Ethnozoological and Commercial Drivers of the Pangolin Trade in Benin. Journal of 

Ethnobiology and Ethnomedicine 17:1–11. doi: 10.1186/S13002-021-00446-Z/TABLES/3. 



 
 
 

34 
 

Zanvo, S., P. Gaubert, C. A. M. S. Djagoun, A. F. Azihou, B. Djossa, and B. Sinsin. 2020. 

Assessing the Spatiotemporal Dynamics of Endangered Mammals through Local Ecological 

Knowledge Combined with Direct Evidence: The Case of Pangolins in Benin (West Africa). 

Global Ecology and Conservation 23:e01085. doi: 10.1016/j.gecco.2020.e01085. 


