
  
` 

 

 

 
 National Impact Assessment Report on Electric 

Fencing
2021 

   Dorjee, Kelzang Dawa, Lhendup Dorji & Nidup Dorji 

Vertebrate Pest Management Programme 

National Plant Protection Centre, Semtokha 

Department of Agriculture 

Ministry of Agriculture and Forests 

 
Funded by: Food S ecurity  and Agriculture Productivity Project (FSAPP) 

  

 



i 
` 

 

 
 
 
 
 
 
 
 
 
 
 

National Impact Assessment Report on Electric Fencing
2021 

 
 
 
 
 
 
 
 

Dorjee 
Kelzang Dawa 
Lhendup Dorji 

Nidup Dorji 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © National Plant Protection Centre 
Published by: Vertebrate Pest Management Programme, NPPC 

Department of Agriculture 
Ministry of Agriculture and Forests, Thimphu, Bhutan 



ii 
` 

Foreword 

Agriculture is largely implicated for the conflict with wildlife while on the other hand, wildlife 

finds it easier to raid crops than to subsist on its natural food sources. To mitigate human-

wildlife conflict and to reduce crop loss to wildlife, the government has approved the use of 

electric fencing in 2013. Electric fences, in lieu of direct cash payments, are provided to farmers 

by government agencies, projects and few non-governmental organisations to prevent crop loss 

to wildlife. However, the effectiveness of electric fence in reducing crop loss and the technical 

performance of electric fence per se has not been assessed at the national level. 

The then Weeds and Vertebrate Pest Management Unit of the Centre (now bifurcated into two 

Programmes: Weeds and Vertebrate Pest) conducted the impact assessment of electric fencing 

on farming communities in 2019-2020 financial year with the financial support of the Food 

Security and Agriculture Productivity Project (FSAPP). This impact assessment report based 

on questionnaire-based survey of 202 respondents from 17 dzongkhags is timely and provides 

critical inputs to improving the effectiveness of electric fence in reducing crop loss from 

wildlife. 

The report outlines not only the socio-economic impacts, but includes some of the critical 

technical aspects of electric fencing system that are detrimental to their effectiveness against 

the target vertebrate pests. The findings and recommendations from this report will help 

support field officials and farmers in improving the effectiveness of electric fence against the 

target wildlife. 

I would like to acknowledge the hard work of the Weeds and Vertebrate Pest Management 

Programme team and the Plant Protection Focal Officials, Agriculture and Research 

Development Centres (Samtenling and Wengkhar) for the field survey; and Dr Dorjee for the 

analyses and report writing. The support of the FSAPP is duly acknowledged without which 

this study would not have been conducted. 

 

Yeshey Dema 
Programme Director 
National Plant Protection Centre 
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Executive summary 

Agriculture is the mainstay of rural farmers in Bhutan. Their bountiful harvest from hard work 

is often painfully taken away by wildlife. Such crop depredation by wildlife has increased over 

the years for which the government, projects and few non-governmental organisations have 

provided electric fences to reduce damage of crops by wildlife. However, comprehensive study 

on the impact of electric fencing on rural communities at the national level has not been 

undertaken. The questionnaire-based survey was conducted by the Weeds and Vertebrate Pest 

Management Programme with the financial support of the Food Security and Agriculture 

Productivity Project (FSAPP) to assess the effectiveness of electric fencing in reducing crop 

loss, its technical performance against the wildlife and socio-economic benefits to rural 

communities. A total of 202 households from 64 gewogs in 17 dzongkhags participated in the 

questionnaire-based survey. This survey was conducted by a 3-memmber technical team from 

the National Plant Protection Centre with the support of the Regional Plant Protection Focal 

Officials of the two regional Agriculture Research and Development Centres (Wengkhar and 

Samtenling).  

The following provides a brief summary of the main findings of the study: 

 Despite mitigation measures such as the installation of electric fences, the total 

cultivated area decreased by 8% (60 acres) from a total of 519 acres, which is mainly 

attributed to increased depredation of crops by wild animals and labour shortage. On 

the contrary, there is a report that electric fencing has encouraged some farmers in the 

East to cultivate their fallow lands. Such contradictory results from different reports 

need to be verified as the current study showed otherwise. The present study shows that 

reduction in crop loss from wildlife due to electric fencing had not encouraged farmers 

to increase cultivated area. Besides the economic loss, farmers undergo physical and 

psychological stresses that would culminate into family dispute, wrangling, and social 

disharmony. Such hidden dimensions of human-wildlife conflicts are often not 

considered while formulating and implementing conservation policies. 

However, electric fencing in Bhutan has many desirable impacts to the family and 

social well-being as more than 90% of the respondents in the survey had rated high on 

social impacts such as reduction of family and community conflicts; time saved from 

crop guarding for carrying out many other family and other economic activities; 
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reduction of psychological and physical stress; and fostering positive sentiments 

towards wildlife due to less interactions and damage to crops. 

 The frequency of wildlife damaging crops in order were wild pigs, barking deer, 

sambar, elephants and bears. Among these wildlife, wild pigs were the biggest threat to 

crop loss and the one that required a maximum crop guarding time by farmers in the 

past. They are still the number one vertebrate pest, causing the maximum crop yield 

loss despite electric fencing. While the overall crop loss from wildlife due to electric 

fencing is going down, loss of crops to other emergent vertebrate pests such as rabbits, 

rodents, Indian peafowls and other birds are increasing. 

 The trend in the ranking of wildlife by respondents in both before and after the 

installation of electric fence remained almost consistent for wild pigs, except in 

vegetable crops, where rabbits were ranked the highest. Ranking of wild animals were 

based on the average ranking for the wild animal which the respondents rated in terms 

of the magnitude of destruction on crop yield loss. 

 Though monkeys are ranked second in causing the major crop damage in maize after 

wild pigs, respondents reported that current electric fence design per se does not deter 

monkeys and other wildlife such as porcupines, deer and elephants. 

 Electric fences in Bhutan are almost entirely provided to farmers group or communities 

by the government and non-governmental organisations to reduce crop damage by 

wildlife. However, ineffective bylaws and a lack of leadership in the group were found 

to be the main impediment in mobilising group members for carrying out timely electric 

fence maintenance. The current electric fencing group bylaws have focussed more on 

imposing cash penalties and impose sanction on defaulters rather than promoting 

harmony and cooperation among the group members.  

 The most common problem for non-functional or ineffective electric fences was due to 

wrong connections of energiser, earth system, charge controller; use of rusted GI wires; 

improper use of barbed wires along with electric fencing (EF) GI wires; and damaged 

energisers.  

 Finally, the population of wildlife has increased in concurrence with the strong 

conservation policies that protect wildlife and as such human-wildlife conflict shall 

remain the major issue unless win-win solutions for both the parties involved are found. 
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Recommendations 

 The most common problem associated with ineffective electric fences is due to lack of 

maintenance, i.e., timely clearing of vegetation and outgrowths along the electric fence 

lines to avoid current leakage; lubrication of GI wires; replacement of damaged posts; 

regular monitoring of electric current flow and earth system. To mobilise group 

members in carrying out timely electric fence maintenance and repair, a strong 

leadership and bylaws have to be instituted and made operational.  A clear terms of 

reference for group members and the key position holders in the group should be 

developed. 

 The existing electric fencing design is not effective against vertebrate pests such as 

monkeys, deer, porcupines and rodents. For example, deer can leap over the fence or 

can sneak in through the GI wire gaps for which increasing the height and maintaining 

appropriate wire spacing should prevent them from gaining access into the cultivated 

fields. Therefore, electric fence should be appropriately designed for the target 

vertebrate pest. 

 It is important to create awareness that electric fencing is to be used only as a 

psychological deterrent for the target wild animal and as such cannot be equated with 

the physical barrier. Therefore, using barbed wires or other physical materials along 

with electric fence wire is not recommended as these materials may obstruct the flow 

of electric current along the fence wires, thus rendering the fence ineffective against the 

target vertebrate pest.  

 Availability of wooded posts are becoming more difficult and restrictive for which the 

government must support the use of alternative posts (e.g., iron angle posts, concrete 

posts, fiberglass, HDPE pipes, locally fabricated plastic posts) in the absence of any 

compensation for crops damaged by wildlife and deprivation of farmers’ livelihood at 

the cost of conserving wildlife. 

 There is a need to initiate research and development on new and emerging vertebrate 

pests such as rabbits, rodents, Indian peafowls and other birds. 
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1. Introduction 

Bhutan is predominated by an agrarian society with more than half the total population 

subsisting on an integrated agricultural farming system. The farming system in Bhutan is 

intertwined with both traditional and conventional production systems, with the later targeted 

towards commercialisation, which in essence relies on increased use of improved varieties and 

external inputs and thus, higher yield and production. However, hard work of farmers is often 

reaped by marauding wild animals and flocking birds.  

The human-wildlife conflict (HWC) in Bhutan has increased over the years due to human 

activity and partly attributed to implementation of a strong conservation policy (Wang et al., 

2006; Dorji et al., 2019). Agriculture is largely implicated for the conflict with wildlife (Ellis 

& Ramankutty, 2008), while on the other hand, wildlife finds it easy to raid crops than to subsist 

on its natural food sources (McLennan & Hockings, 2014). Other factors linked to frequent 

crop depredation by wildlife like the ungulates (e.g., wild pig, sambar, barking deer) are linked 

to disruption of the natural food chain such as the decrease in the population of predators like 

tiger and dhole (Wangchuk, 2004; Thinley et al., 2017). Regardless of the factors responsible 

for the human-wildlife conflict, farmers are the ultimate victims of their undoing (i.e., 

expansion and intensification of agricultural crops to feed the growing population) and of 

others (i.e., wildlife conservation efforts, disruption or degradation of wildlife habitats through 

construction of roads, human settlements and projects).  In addition to the misery of having to 

forgo a bountiful harvest and income for the family, farmers are seen guarding crops the entire 

cropping season. The sleepless nights with occasional shouts and whistles, banging of empty 

tins, use of scare crows, lighting fires and torches to scare off animals; take a heavy toll on the 

health and well-being of farmers.   

An incessant clamour of rural populace on the loss of livelihood and properties to wildlife is 

not uncommon. In many countries, increased severity of HWC is attributed to reduction or 

destruction of wildlife habitats by human activities, wildlife conservation efforts, and 

environmental changes (Distefano, 2005; Treves, 2006; Treves & Santiago‐Ávila, 2020). 

Despite the evidence of implementing strong wildlife conservation policy resulting in increased 

severity of depredation of crops by wildlife (Penjore, 2008), farmers are not equally 

compensated for the loss of crop yield and other hidden costs such as crop guarding. The irony 

of the human-wildlife conflict is presumably the culpable culprits are not equally implicated. 
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It is undeniably unfortunate that proponents of wildlife that strongly advance the agenda of 

conservation and co-existence of humans and wildlife are not equally implicated for the crime 

in the making, i.e., the miseries that farmers endure from the loss of crops and livelihood. 

Another proclamation that human wildlife conflict arises from the coexistence and sharing of 

limited resources (Woodroffe et al., 2005), needs further validation in Bhutan as the wildlife 

depredation is increasingly reported despite the reduction in cultivated area and an increase in 

forest cover to about 71% (NCD, 2019).  However, HWC has adverse effect on both humans 

and wildlife (Nyhus, 2016; Anand & Radhakrishna, 2017) and thus require implementing 

mitigation measures that benefit both with minimal negative impacts to either of them. One 

such non-destructive measure promulgated and widely promoted in Bhutan is electric fencing 

against the wildlife responsible for crop depredation such as wild pig (Sus scrofa), sambar 

(Rusa unicolor), barking deer (Muntiacus muntjac), hog deer (Axis porcinus), elephant 

(Elephas maximus), and Assamese macaque (Macaca assamensis). Other animals such as 

Indian porcupine (Hystrix indica), rabbits, rodents (e.g. Rattus spp.), some birds (red-vented 

bulbul-Pyconotus cafer, Dove-Streptopelia orientalis, Yellow-billed blue-magpie-Urocissa 

flavirostris), few ungulates (Moschus chrysogaster, Cervus duvauceli, Axis axis), and Indian 

peafowl (Pavo cristatus) are reported by farmers as important vertebrate pests of concern 

(current survey). 

The country has more than 51% forest under protection as against 2.9% cultivated area, which 

by an ordinary logic should decrease wildlife depredation of crops with the increase of forested 

area and increasing trend in rural-urban migration (NSB 2018). In other countries, increased 

HWC has led to decline in population of wildlife species which is detrimental to the long-term 

survival of wildlife species and human livelihoods (Gallingham &. Lee, 2003; Michalski et al., 

2006; Anand & Radhakrishna, 2017). On the contrary, many farmers in Bhutan have left their 

farmland fallow and migrated to urban centres seeking for alternative livelihoods as the result 

of wildlife encroachment of agricultural fields and damage to properties (Chhetri et al. 2013). 

Cognizant of the human-wildlife conflict, Dr Tshering Penjor of the Agriculture Research and 

Development Centre, Wengkhar, initiated the fabrication of electric fence using locally 

available materials (e.g., galvanized iron wire, wooden posts, HDPE pipe insulators) in 2006.  

The Bhutan Electricity Authority formally approved electric fencing for use in farmers’ field 

in 2013 (Penjor et al., 2014). Electric fencing system uses electric shock to repel animals when 

they come into contact with GI wires. The shock creates psychological barrier instead of 
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physical barrier. Electric fence can be operated through solar panels in place where there is no 

source of electricity.  

Today the country has 6484 km electric fencing that benefits about 30,526 households across 

the country (as of June 2021). In the absence of any other effective and efficient measures to 

mitigate the HWC, electric fencing has been the only quick fix solution in alleviating farmers’ 

misery. Electric fences are mostly installed with the financial support from the Royal 

Government of Bhutan and donor-assisted projects in the country. However, the effectiveness 

of electric fence in reducing crop loss and its technical deficiencies at the national level has not 

been assessed. The questionnaire-based survey that covered 17 dzongkhags was conducted 

with the objectives to: examine how effective the electric fences are in reducing the crop loss 

from wild animals; assess technical gaps in electrical fencing system; and assess the socio-

economic benefits of electric fencing to farming communities. This will eventually support 

decision makers and service providers to effect policy change or devise appropriate 

management strategies. The National Plant Protection Centre with the financial support from 

the Food Security and Agriculture Productivity Project (FSAPP) conducted the survey in 2019-

2020 financial year. 
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2. Materials and methods 

A questionnaire-based survey was designed to assess the impact of electric fencing on farming 

communities and to understand the effectiveness of electric fence (EF) against various wild 

animals. The questionnaire comprised of three broad categories: (i) socio-economy of the 

beneficiaries, (ii) farmers technical knowledge on electric fencing, and (iii) on-site technical 

verification of electric fencing system by the survey team. The survey questionnaire contained 

both quantitative and qualitative data to understand socio-economic impacts of EF to 

individuals and the communities.   

A baseline information of electric fence installed in the country until 2019 was used as a priori 

list to randomly select the electric-fenced sites for the survey. A total of 321 samples (20%) 

out of the national database of 1603 electric-fenced sites were selected for the survey from all 

dzongkhags in the country. In case of electric fence owned by the group, only one household 

from the group was randomly selected for the interview.  

The Weeds and Vertebrate Pest Management team from the NPPC with support of the Regional 

Plant Protection Focal Officers in the Agriculture Research and Development Centres 

(ARDCs-Wengkhar and Samtenling) and Gewog Agriculture Extension Agents of the sample 

sites conducted the impact assessment survey from January to June 2020. The team verified 

technical parameters of all the individual electric fence covered in the survey 

The survey samples were collected from 64 gewogs in 17 of the 20 dzongkhags.  Survey in 

three dzongkhags, namely, Bumthang, Punakha and Wangdue Phodrang could not be 

conducted due to the COVID-19 lockdown in March 2020. From a total of 230 respondents, 

only 202 samples were used for the analysis. Samples were discarded on any of the following 

reasons: incomplete or missing information; inconsistent reporting; missing or inadequate 

information on either of the socio-economic or technical parameters, inconsistent data, and 

outliers. 
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Table 1. The number of survey samples and gewogs by dzongkhags 

Dzongkhag 
Gewogs 

(No.) 

Samples  

(No.) 

Chhukha 1 3 

Dagana 6 16 

Gasa 2 8 

Haa 4 12 

Lhuentse 4 12 

Monggar 4 11 

Pemagatshel 2 7 

Paro 4 10 

Samdrup Jongkhar 2 6 

Samtse 6 10 

Sarpang 9 26 

Thimphu 3 19 

Trashi Yangtse 5 24 

Trashigang 2 8 

Trongsa 4 10 

Tsirang 3 8 

Zhemgang 3 12 

Total 64 202 

The data collected did not have uniform responses due to randomisation of the samples from 

different agroecological zones and diverse cropping patterns across the country. In order to 

statistically test the difference of yield loss before and after the installation of electric fences, 

samples with incomplete data on either of these aspects had to be discarded. For example, data 

collected on crops such as cardamom, citrus, and other fruit plants had to be discarded due to 

lack of adequate information. Because of this approach, only five major crops were selected 

for analyses (see Table 2).  

The data was statistically analysed using SPSS (Statistical Package for the Social Sciences), 

while the ranking of wild animals by farmers was assessed using the average ranking methods 

(see https://hsurveymonkey.com ) as follows:   
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The ranking of wild animals by farmers was used to assess the magnitude of crop yield lost to 

wild animals: 1 being highly destructive, 2 moderately destructive and 3 less destructive for 

both before and after the installation of electric fence. Then the average ranking for the wild 

animal is calculated using the following formula: 

Rank =X1W1+ X2W2+x X3W3/Total response count 

Where W= weight of the ranked position; X= response count of the answer choice. 

Weights are applied in reverse order, meaning the respondent’s estimation of the magnitude of 

wildlife destruction of crop yield as: 1 (highly destructive), 2 (moderately destructive) and 3 

(less destructive). These ranks (1, 2, and 3) were assigned the corresponding weight of 3, 2 and 

1.  
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3. Results 

The results of the survey are based on questionnaire survey of 202 households in 17 

dzongkhags. Though the main objective was centered around the wildlife depredation on 

agricultural crops, demography and socio economy of the sample households were captured to 

understand social and cultural dynamism that shape the rural economy. 

3.1 Household demography and socio-economy 

The composition of household members did not include those living outside the farm. Only 

those members of the household actively engaged in farming activities and those school going 

children totally dependent on the farming households were included. The average size of the 

household was 3.36 with a maximum of 8 and a minimum of 1 member in Dagana and Lhuentse 

Dzongkhags, respectively. The only one-member household was headed by a female. The 

gender sex ratio of males to females was 98.25; i.e., 336 males and 342 females from a total of 

679 household members (i.e., r = (m/f)*100; where r= gender sex ratio, m-male, F=female)).  

There are many sources of household income for the farming communities ranging from 

primary production system (agriculture and livestock) to off-farm and remittances (Figure 1). 

Agriculture is the mainstay of rural livelihood and the major source of income for farmers 

(53%, n=161) followed by livestock (20%, n=62), off-farm activities (10%, n=31), forest (3%, 

n=8) and remittances (1%, n=4). Other sources of income such as daily wage, painting, 

carpentry, weaving, taxi, hiring of power tiller, rentals, small businesses, and local crafts 

contribute to the household income (13%, n=38).  

 

Figure 1. Sources of household income by percent based on multiple responses (n=304) of 
the sample households (n=202) 

Agriculture
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20%
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The multiple sources of income for farm household from agriculture, livestock and forest 

indicate the integrated farming system prevalent in rural areas. The contribution of different 

farming enterprises on the household incomes range from sole agriculture farming activity 

(38%, n=76) to Agriculture and Livestock (18%, n=37), Agriculture and others (8%, n=16), 

Agriculture and forest (6%, n=12) and off-farm activities (7%, n=15). Unlike in the past, some 

farming households depend on remittances and pension of the retired civil servants for 

household income.  

3.2 Land holding 

Land owned by farmers are predominantly of three types: dryland (used for cultivating crops 

and vegetables such as maize, wheat, potato, chilli, other assorted vegetables), wetland (paddy) 

and orchards (apple, citrus). However, farmers grow crops such as wheat, vegetables, chilli and 

potatoes in wetland during the winter season after the paddy is harvested.  

The total land area owned by household in the sample survey was 759 acres, out of which only 

about 519 acres were cultivated (68%). The average landholding was 2.1, 1.6 and 1.2 acres for 

dryland, wetland and orchard, respectively. The maximum land holding owned by an individual 

farmer under different land use category was 18, 6 and 5 acres for dryland, wetland and orchard 

respectively. Only about 60 acres (8%) of land were left fallow due to variety of reasons; labour 

shortage (n=13) being the dominant reason followed by wildlife depredation (n=6), shortage 

of irrigation water and distant location of farmland from the house (n=3). Few households 

mentioned that land fragmentation, landslides and other reasons such as land located outside 

the electric fenced area, steepness of land, poor soil fertility or absence of human settlement 

near the agriculture land were reasons for keeping the land fallow. Farmers also cultivated 

crops in leased land. A total of 26 acres dryland and 83 acres wetland were leased in for 

cultivation by 16 households each (Figure 2).  
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Figure 2. Total land owned, cultivated and fallow of the sample households (n=202) 

3.3 Past and present scenario of crop protection from wild animals 

3.3.1 Crop guarding 

The coexistence of human-wildlife and sharing some of the same resources have led to conflict 

from the time agriculture came into existence. Crop depredation and damage by wildlife was 

not uncommon. Farmers had to literally guard crops or scare them away day-in-and-day-out 

through various traditional and ingenious means (Figure 3).  

  

 

Figure 3. Traditional and ingenious methods of protecting crops from wildlife: scarecrow (left), 

tiger toy @ Yeshi Dorji (middle) and cow bell (right) 
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The most common method of protecting crops was to physically guard the cultivated fields. 

About 96 % (n=193) of the sample households stated that they had to guard crops from wild 

animals. More than 52% respondents guarded crops at night, while 45% had to guard both 

during the day and night. Only about 4% guarded crops against wild animals during the day. 

By gender, 66% male and 34% female household members were engaged in guarding the 

cultivated fields against wild animals. Almost every member of the household, including 

grandparents and children were involved in guarding crops against wild animals. It was mainly 

the husbands (60%) and wives (29%) who had to bear the main responsibility of guarding 

crops. 

  

  

Figure 4. Sheds/watchtowers used for guarding wildlife during the day and night 

In the past farmers had to spend sleepless nights guarding crops with an average of about four 

months in a year (Figure 5). The average annual time spent on guarding crops against wild 

animals ranged from 3.4 to 4.9 months; the highest average being against wild pigs (3.9) 

followed by elephants (3.8 months), deer (3.6 months), sambar (3.5 months) and bears (3.4). 

There were other vertebrate pests such as porcupines, rabbits, rodents and birds (e.g., parrots, 

Indian peafowls) that were causing loss to crops but farmers did not have effective measures 

to prevent the loss from these vertebrate pests. 
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Figure 5. Crop guarding against wild animals in months per year (average) 

The most common wild animals responsible for crop loss were wild pigs (34%) followed by 

deer (25%), monkeys (18%), sambar deer (11%), elephants (6%) and bears (6%) (Figure 6). 

Other vertebrate pests (e.g., porcupines, rabbits, Indian peafowls, birds, rodents) were present 

but did not cause major crop loss or damage. Despite the prevalence of threats from wildlife 

on crops, few farmers (4%, n=9) could not guard crops due to shortage of manpower, scattered 

parcel of lands in different places or the distant location of farms from the house.  

 

Figure 6. Instances of wild animal depredation reported by farmers before EF installation 
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report though the survey covered all crops grown by the sample households. The reason for not 

including other crops was inadequate information on these crops to perform statistical analyses.  

The total cultivated area has reduced from 519 acres to 386 acres (26%) after the installation 

of electric fence (Figure 7). Paddy and maize cultivation has drastically reduced to 133 acres 

(25%) and 127 acres (30%), respectively. Only vegetable cultivation has slightly increased to 

3% i.e.., from 33 to 36 acres after the installation of electric fence. 

 

Figure 7. Cultivated area of crops before and after the installation of electric fence 

Crop loss (i.e., total production minus total yield loss to wildlife) before the installation of 

electric fence in general was more in all crops. The maximum crop loss was also reported in 

maize (43%) and the lowest in vegetables with 19%. The maximum crop loss reduction after 

the installation of electric fence was reported in maize (11%, i.e., down 32%) followed by 

paddy, wheat, potato and vegetables (Figure 8).  

 

Figure 8. Crop yield loss to wild animals before and after the installation of electric fence in 
percent 
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Table 2. Correlation of crop yield lost to wild animals before and after electric fencing 

  Before EF After EF 

Yield loss (Before EF) Pearson Correlation 1 .639** 

Sig. (2-tailed)  .000 

n 202 202 

Yield loss (After EF) Pearson Correlation .639** 1 

Sig. (2-tailed) .000  

n 202 202 

** Correlation is significant at the 0.01 level (2-tailed). 

In terms of absolute number, crop yield loss to major vertebrate pests has decreased except in 

other minor pests such as rabbits, Indian peafowls, rodents and birds (Table 3). The proportion 

of yield loss to wild pigs, monkeys, deer, porcupines, Indian peafowls, rabbits and others such 

as birds and rodents have increased even after the installation of EF. However, the proportion 

of yield loss to wild pigs both before (78%) and after (50%) the installation of electric fence 

was the highest. Even the proportion of yield loss to monkeys has increased from 6% to 27% 

after the installation of electric fence (Table 3).  

Table 3. Crop yield lost to vertebrate pests before and after the electric fence installation 

Animal 
Before EF After EF 

Yield loss (kg) % Yield loss (kg) % 

Wild pig 149678.0 77.9 22175.7 49.8 

Elephant 14851.0 7.7 2340.0 5.3 

Monkey 12339.1 6.4 11904.8 26.7 

Deer 5182.9 2.7 3106.6 7.0 

Porcupine  4736.5 2.5 3980.0 8.9 

Sambar  4033.4 2.1 71.0 0.2 

Bear 772.0 0.4 0.0 0.0 

Others* 420.0 0.2 621.6 1.4 

Peacock 129.0 0.1 242.0 0.5 

Rabbit 73.0 0.0 69.0 0.2 

Total 192214.8 100 44510.7 100 

*Includes vertebrate pests not specified (e.g., birds, rodents) 



14 
` 

  

Figure 9. Crops damaged by wild pigs @ The Bhutanese (left) and elephants @ Kuensel 
(right) 

3.3.3 Ranking of wild animals 

The ranking of wild animals was based on the magnitude of their destruction on crop yield. 

The damage on crops by certain animals such as elephants, Indian peafowls and rabbits are 

restricted only to southern dzongkhags. 

Paddy: Wild pigs ranked as the most dominant vertebrate pest causing the maximum damage 

to paddy even after the installation of electric fence and this too despite the huge drop in 

average ranking scores from 248 to 95. The average ranking score of elephants have increased 

by one unit, while there were drop in ranking of other vertebrate pests, indicating the positive 

impact from electric fencing. After the installation of electric fence, bears and deer did not 

cause damage to paddy crops (Figure 10). It was reported that bears trample standing paddy 

crop and result in poor crop yield.   

 

Figure 10. Average ranking scores of vertebrate pests on paddy 
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Maize: Maize is an important staple for the people in the east. Wild pigs still rank the number 

one pest of maize even after the installation electric fence. Monkeys are the second most 

destructive vertebrate pest of maize, though the average ranking score had declined from 135 

to 86. Overall, the average ranking score for other major vertebrate pests in maize had declined, 

except for the increase in average ranking score for porcupines and bears. The damage of maize 

crops by Indian peafowls and rabbits were observed in southern dzongkhags (Figure 11). 

 

Figure 11. Average ranking scores of vertebrate pests on maize 

Wheat: Wheat is grown in winter mainly in temperate regions of the country. The average 

ranking score of vertebrate pests on wheat were based on respondents from Thimphu, Gasa, 

Paro, Haa and Trongsa. The overall average ranking score in all vertebrate pests had declined 

after the installation of electric fence. Electric fence seems to be effective particularly against 

bears (Figure 12). 

 

Figure 12. Average ranking scores of vertebrate pests on wheat 
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Potato: Potato is the most important cash crop and increasingly being used as vegetable for 

domestic consumption. It is grown in all agro-ecological zones and dzongkhags in Bhutan and 

the highest export agricultural commodity in terms of quantity. The average ranking score 

based on the destructiveness of the vertebrate pests was the highest for wild pigs followed by 

bears and elephants. Rabbits are increasingly becoming an important vertebrate pest in the 

subtropical regions in southern dzongkhags. The importance of rabbits as an emerging 

vertebrate pest is being felt and thus ranked for destructiveness by the farmers at 57 and 30 

before and after the installation of electric fence (Figure 13). 

Figure 13. Average ranking scores of vertebrate pests on potato 
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Figure 14. Average ranking score of vertebrate pests on vegetables 

3.3.4 Farmers’ perception on wildlife population trend 

Respondents were asked to provide their opinions on the overall population trend of wildlife, 

that is, increased, decreased or remained the same over the years. They have the general feeling 

that wildlife population has increased, especially those which were previously considered new 

or minor vertebrate pests (e.g., sambar, rabbits, Indian peafowls, rodents and other birds). 

However, the data presented in Figure 15 must be interpreted with caution due to the small 

sample size for wild animals such as sambar (n=16), others (n=9), elephants (n=8), rabbits 

(n=5), Indian peafowls (n=5) and bear (n=3). 

 

Figure 15. Farmers’ perception on wildlife population trend 
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3.4. Current status of electric fencing  

Electric fences are being promoted by the government and projects to mitigate human wildlife 

conflict; reduce crop loss; and lessen physical and emotional stress from having to guard crops 

both during the day and night. 

3.4.1 Electric fence ownership and general specifics 

Ownership: Electric fences in the country are mostly managed and operated by groups or 

communities. As high as 83% (n=168) of the beneficiaries of electric fencing in the sample 

survey was supported by the government or projects. A few solar-powered electric fences in 

the remote villages are supported by non-governmental agencies like the Rotary Club of 

Bhutan. Only 17% (n=34) electric fences are privately owned, i.e., either individually or in a 

group of few individuals. The maximum cost for installing electric fence reported by a 

respondent was Nu. 0.300 million.  

Figure 16. Electric fencing against elephants (left) and other animals (right) 

Beneficiaries and electric fence length: About 3868 households have benefitted from the 332-

kilometer electric fencing across 17 dzongkhags in Bhutan. The average length of electric fence 

is 1.9 kilometres. The longest of 9-kilometre electric fence was reported from Bayling, Trashi 

Yangtse. It was installed in 2018 and benefits about 50 households. The oldest electric fence 

encountered during the survey was established in 2009 at Moogtangkhar, Bartsham 

Trashigang. This 4-kilometer electric fence was supported by the government and benefits 

about 20 households. The maximum number of electric fences (n=53) was installed in 2017. 

On an average, a single electric fence benefitted around 19 households. The maximum number 

of beneficiaries of 800 households (i.e., the entire village) was reported from Chhuzanggang 
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Gewog from a 2-kilometer fence installed in 2017. Unfortunately, this electric fence was non-

functional at the time of the survey. In all, respondents reported 70% of the electric fences were 

functional (n=141) and 30% non-functional (n=61). Upon technical verification of electric 

fences by the survey team, it was found that about 80% were functional (n=162) and only 17% 

(n=34) non-functional. The main reason for the difference in functional and non-functional 

electric fence numbers between respondents and the technical team was mainly due to farmers’ 

lack of technical knowledge, which on minor repair and technical rectification can be made 

functional (Figure 17). Overall, the number of non-functional electric fences was 17% (n=29) 

for the group and 15% (n=5) for the privately owned electric fences. 

 

Figure 17. Electric fence status (functional and non-functional) 

Power source: Electricity is the main source of energy for running fences (73%, n=148). Solar 

panels along with batteries (27%, n=54) were used for areas inaccessible to electricity and in 

far-flung cultivated fields away from the main villages (Figure 18). Some respondents reported 

that they prefer solar energy as it does not pose health risk to humans and not affected by the 

frequent electricity power outages which is common during rainy seasons. However, non-

governmental organisation such as the Rotary Club of Bhutan only promotes solar electric 

fencing to its beneficiaries. A few of them were not aware that electric fence can be run by 

solar power panels. 

  

Figure 18. Electric fencing energy source: electricity (left) and solar (right) 
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3.4.2 Reasons for non-functional electric fences 

There were only about 36 responses on the reasons for non-functional electric fences. Damage 

of energiser (40%) was the main reason followed by other miscellaneous reasons-battery 

problem, minor technical glitches, labour shortage for maintenance (20%), non-cooperation of 

group members (17%) and lengthy electric fence (Figure 19). Only three (6%) of the 49 solar 

panels powered electric fences were non-functional. 

 

Figure 19. Farmers’ reasons for non-functional electric fences 

3.4.3 Farmers assessment on electric fence performance 
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It was a sigh of relief when electric fence provided much hope and expectation to farmers in 

reducing their conflict with wild animals. However, electric fencing does not provide the silver 

bullet by itself. There are many factors determining the effectiveness of electric fence which 

will be elaborated and discussed in the ensuing sections.  

3.4.4 Effectiveness of electric fence against wild animals  

Respondents were asked to rate the effectiveness of electric fence against wild animals that 

depredate their crops. The ratings were based on three options: effective, partially effective and 

not effective of electric fence against the stated wild animal. Then Chi-Square test was 

performed to test the significance of their responses against the wild animal (Table 4).  

The test result shows that electric fence is highly effective against wild pigs (p=.000) and bears 

(p=.005). It is also found effective against domestic animals like cows (p=.010) and horses 

(p=.034). However, it is not effective against other wild animals such as monkeys (p=.053), 

deer (p=0.880, sambar (p=.713), elephants (p=.879) and porcupines (p=.316).  

Table 4. Farmer’s assessment of electric fence against wild animals and their corresponding 
Chi-Square test results 

Animal  Effective 
Partially 

effective 

Not 

effective 

No 

response 

Chi-Square Test 

Pearson 

Chi-Square 
df 

Asymp. Sig   

(2-sided) 

Wild pig 161 20 12 9 20.844a 3 .000 

Monkey 11 12 99 80 7.677a 3 .053 

Barking 

deer 
74 42 49 37 6.538a 3 .088 

Sambar 60 7 12 123 1.368a 3 .713 

Bear 42 2 2 154 12.991a 3 .005 

Elephant 28 8 3 163 .675a 3 .879 

Porcupine 10 10 82 100 3.537a 3 .316 

Cow 153 1 3 45 11.441a 3 .010 

Horse 91 1 3 110 6.780a 2 .034 

adata meets the assumption of all expected frequencies >5. 

Two bar charts of extreme cases (Figures 20 and 21) of effectiveness (e.g., wild pigs) and non-

effectiveness (e.g., monkeys) of electric fencing are taken as the representative samples to 
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describe their results respectively. For the group of respondents who had functional electric 

fence, a very high proportion (85%, n=85) stated that electric fence is very effective against 

wild pigs and a mere 3% (n=3) stated not effective. Even from those respondents whose electric 

fences were non-functional at the time of survey, 60% (n=21) of them reported the 

effectiveness of electric fence and only 20% (n=7) proclaimed not effective.     

 

Figure 20. Farmers’ assessment of effectiveness of electric fence against wild pigs 

Monkey is a sly animal with next to human intelligence which is why many farmers from 

functional (46%) and non-functional (69%) electric fence category opined that electric fences 

are not effective against it. On aggregate, more than 49% of the respondents (n=99, see Table 

4) reported of ineffectiveness of electric fences against monkeys.  
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Figure 21. Farmers’ assessment of effectiveness of electric fence against monkeys 

In general, farmers reported that electric fence is not effective against rabbits, Himalayan goral 

(Naemorhedus goral; locally called as Jara in Ge-nyen Gewog) and avian species. 

3.5 Electric fencing management and maintenance 

Electric fence is effective if only it is properly functioning for which periodic maintenance is 

critically important. Inappropriate installation and poor maintenance of electric fences are one 

of the main causes of malfunction and ineffectiveness in preventing wild animals from breaking 

into cultivated fields. It is of utmost importance that the beneficiaries have the basic knowledge 

and technical skills to operate and repair of electric fences; and not to disregard the individual 

responsibility and community participation in cooperating and maintaining the electric fencing 

system to keep it functional and effective in deterring wild animals from crop depredation. 
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3.5.1 Group organisation for electric fence management 

A proper management or organisational framework for the group is key to keep electric fencing 

system functional and effective against target wild animals. A small fissure in the group 

dynamism such as lack of ownership and accountability, inadequate resources, infighting and 

lack of trust and team work could be detrimental in the functionality and effectiveness of 

electric fencing. 

Electric fence management and ownership preference: About 62% (n=104) of those 

respondents in the group stated that they manage and maintain electric fence in group, while 

38% (n=63) of those respondents in the group stated that they manage and maintain 

individually the part of the electric fence that passes along their fields (Table 5).   

Table 5. Responses of farmers on management and maintenance of electric fence 

 
Management/maintenance (Count) 

Total 
Individual Group No response 

Ownership 
Group 63 104 1 168 

Individual 32 2 0 34 

Total 95 106 1 202 

Given the choice, 49% (n=82) of those respondents in the group prefer managing and working 

individually than in group, while only 18% (n=6) respondents owning private electric fencing 

stated they would not mind working in the group (Table 6).  

Table 6. Preference of respondents on electric fence working modality 

 
Working modality preference (Count) 

Total 
Individual Group No response 

Ownership 
Group 82 85 1 168 

Individual 26 6 2 34 

Total 91 108 3 202 

Bylaws for the group: Farmers groups in Bhutan often draw up their own bylaws for 

management, conflict resolution and maintenance of common properties and facilities. Though 

there are about 168 electric fences belonging to groups, only 86 (43%) have bylaws. These 

bylaws were constituted mainly for the smooth functioning and maintenance of the fence by 
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the group (65%, =n=56) and for executing both the maintenance and sanctioning of defaulters 

(33%, n=28). The community or group electric fence without bylaws normally resolve conflicts 

by the group or community leaders and through mutual consensus of the parties involved. 

In general, village representative or the group leader resolves conflicts amongst group 

members. In some instances, Gewog Administrator and the Agriculture Extension Officers are 

called upon to resolve conflicts. Some extreme measures such as disconnecting EF and 

isolation of non-cooperating beneficiaries were used. As many as 91% (n=78) respondents 

stated their bylaws have the provision to impose cash penalties and other sanctions. These 

sanctions vary amongst groups and dzongkhags. Some of the examples are: repairing of fence 

that they damage; Nu.250/day for absentee owner failing to come for EF maintenance in 

Pemathang, Samdrup Jongkhar; Nu 500 for electric fence damaged by cattle, Nu. 200-300 for 

absentee group member and Nu 5000 charged if damaged by outsider in Phuentshogthang, 

Samdrup Jongkhar; Nu.200 per offence in Trong and Nu.215/day for Nangkor, while in 

Ngangla Nu.250/day for absentee owners, Nu. 500 for first offence and x2 for the second 

offence, Zhemgang; Nu 500/day for absentee group member in Chapchha, Chhukha; 

Nu.215/day/person to 315/day/person in Nichula, Dagana; Nu. 150 per offence in Bartsham, 

Trashigang and Nubi, Trongsa and Doonglagang, Tsirang; Nu 100/day in Lamoi Dzingkha, 

Dagana; a highest of Nu.700 per person per day for absentee group member in Tsento, Paro. 

Other penalties include disconnection of power lines in Thimphu, Trashi Yangtse and Haa. 

Of the total 86 groups with bylaws, 84 of them provided the assessment of its effectiveness as 

67% (n=56) effective, 20% (n=17) partially effective and 13% (n=11) non-functional or not 

effective (Figure 22).   

 

Figure 22. Respondent’s assessment on the effectiveness of electric fence group bylaws 
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3.5.2 Maintenance of electric fence 

Regular and timely maintenance of electric fence, power supply and earth system is critical for 

ensuring the constant flow of electricity. Vegetation such as grasses and weeds under and along 

electric fence wires must be removed. When these plants, including branches of shrubs and 

trees come into contact with electric fence wires, electric current is lost into the ground 

rendering it ineffective.  

Clearing of vegetation: The respondents on average cleared vegetation along electric fence 

wires about 4.4 times annually. There were some farmers who cleared vegetation every week 

during the active cropping season while there were many others who cleared only twice a year. 

However, as many as 32% (n=64) used herbicides to control weeds around electric fences. 

Almost all the respondents (91%) were able to identify the type of herbicides used such as 

Glyphosate (n=57) and Paraquat (n=1). One respondent from Nichula had used Paraquat 

herbicide which is banned for use in Bhutan. It is quite alarming to record 32 respondents 

procuring herbicide illegally from across the borders. 

  

Figure 23. Unmanaged EF (left) and clearing of vegetation by group members along the 
fence line (right) 

GI wire maintenance: Though galvanised iron (GI) wires are supposed to undergo slow 

rusting, however, rusting often occurs in areas where there is frequent exposure to wet 

conditions. In order to keep GI wires rust-free, only 20 % (n=40) of the respondents lubricated 

the wires with grease or oils. There was one respondent who lubricated GI wires three times in 

a year and at least twice in one year by 10 respondents. Others lubricated once in three to four 

years while there was one who had lubricated wires only once in five years. However, 78% 

(n=158) of the respondents did not use anything to protect GI wires from rusting. The GI wires 
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used for electric fencing seem to be of high tensile strength and quality as only 12% (n=24) of 

the respondents had to replace them. 

Figure 24. Rusted GI wires increase the resistance to current flow 

Wooden post replacement: Wooden posts are most commonly used to support GI wires. 

Almost all (95%, n=191) used wooden posts, leaving only 5% (n=11) that used HDPE pipes 

(n=1) and iron angle posts (n=10). Farmers in Bhutan are forced to use small branches of tress 

as wooden posts due to strict forest conservation policy and thus are of inferior quality. They 

can be easily broken with certain force and pressure and thus about 41% (n=82) had to replace 

broken and fallen wooden posts. Of these 35% (n=29) had to replace every year and the rest 

depending on the damage such as once in three to six years. On an average, respondents 

estimated that hard wood has a lifespan of 5.45 years (example given was Shorea robusta 

commonly known as Sal) while the softwood has 2.5 years life span. One respondent stated 

that hard wood post can last a maximum of 22 years and softwood about 5 years (Table 7).  

Figure 25. Lack of maintenance and replacement of electric posts 
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Table 7. Respondents estimate on the life span of wooden posts 

Wood type 
Respondent 

(Count) 

Average life 

span (years) 
Max Min Mode 

Hard wood 137 5.42 22.5 2 3 (n=34) 

Soft wood 73 2.5 5 1 3 (n=20) 

Both 24 ? ? ?  

Energiser maintenance: Energiser is the main component of electric fencing system. Any 

malfunctioning or damage to it renders the electric fencing system defunct. It was reported 

that 26% (n=52) of the energisers were damaged, which was mainly attributed to lightning.  

  

Figure 26. Damaged energiser: Lightening (left) and abandoned (right) 

There were only 32% (n=65) of the respondents who had the knowledge to check the proper 

functioning of energisers.  

Farmers’ knowledge on checking the problems in energiser was very limited. Only about 32% 

(n=65) respondents were aware that red pulse light in the energiser was a sign of drop in voltage 

or fence wire touching vegetation or the indication of poor earth system. Checking of energizer 

in the group was mostly done by the household where the energiser of the group was installed 

followed by care-taker, and group leader. Sometimes the Bhutan Power Corporation and 

Extension personnel helped to check the functionality of energizer and other power connections 

of the electric fencing system.  

Earth system maintenance: Regular checking whether the earth system is properly working 

or not is important. There were about 32% (n=65) who regularly checked their earth system. 

Of the 137 respondents who did not regularly monitor the earth system, 20 of them were not 
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aware that they must check the earth system. At least 56% (n=113) respondents watered and 

kept the earth system moist. 

Group without bylaws: The adoption of bylaws makes the functioning of the group and 

maintenance of electric fencing system smooth and easy.  For those community or group 

electric fencing without bylaws, beneficiaries have drawn their own arrangements such as 

electing the village representative (i.e., Tsogpas) as the group leader, rotational leadership of 

the beneficiaries, appointing caretakers for clearing vegetation and other maintenance work, 

and dividing the portion of electric fenced areas to individuals for maintenance. 

Revolving fund for EF: Revolving fund is collected mainly to meet the maintenance expenses 

such as replacement of damaged energisers and GI wires, and the replacement or improvement 

of the earth system. Only about 18 % (n=30) of the groups (n=168) had instituted the 

mechanism to raise funds for maintenance of electric fence. For example, every group member 

in Langthil, Trongsa must contribute Nu.500 per month while in Kar-thsog, Haa, it was Nu. 

1300 per year. 

3.6 Farmers knowledge on basic functions of electric fencing system and safety issues 

Farmers’ knowledge on the basic components of electric fencing system and their functions 

are important for safety, proper maintenance and repair of electric fences.   

The current electric fencing system approved by the government is safe for both humans and 

animals. The use of low current of about 12kV is adequate to provide shock to anyone coming 

into contact with the GI wire and creates only a psychological fear to keep off the fence. 

However, electric fence could be fatal to both humans and animals if it is not installed as per 

the recommendation or if the household electricity is directly connected to GI wires.  

3.6.1 Farmers training 

Farmers training on the safety measures of electric fencing was adequately provided by the 

Gewog Agriculture Extension (70%, n=141), Agriculture Research and Development Centres 

(9%, n=19), Bhutan Power Cooperation (6%, n=13) and others (13%, n=26) such as the 

National Plant Protection Centre, Department of Forest and Park Services, and neighbours or 

group members.  
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Figure 27. Hands-on session on electric fencing installation and maintenance 

The training on electric fencing system provided to both the groups and private owners was 

more than 83% (n=168). Many of them (70%, 141) had attended only the practical session, 

while 2% (n=5) had attended only theory session. There were 11% (n=22) who attended both 

theory and practical sessions on electric fencing safety measures. Still 15% (n=31) respondents 

did not have any training on safety measures (Figure 28).  

 

Figure 28. Farmers training on electric fencing system 

More than 86% (n=175) respondents reported that they know about the basic components and 

safety measures of electric fencing system of which 10% (n=21) were those who did not attend 

the training (Table 8). About 7% (n=14) respondents who received training stated they do not 

have the basic knowledge or aware of safety measures on electric fencing system. The impact 

of training on the basic knowledge on components and awareness of safety issues was highly 

significant (p=.000). Only about 27% (n=54) farmers had the electric fence health hazard 

signage displayed on their electric fenced area. 

Practical only
70%

No training
15%

Both practical 
& theory

11%

Theory only
2%

No response
2%

Training
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Table 8. The impact on training on safety issues relating to electric fencing system 

 

Basic knowledge and safety 

issues of electric fencing 

(Count) Total 

Chi-Square Test 

Yes Partly No 
No 

response 
Value df 

Asymp. Sig.        

(2-sided) 

Electric 

fencing 

training 

Yes 132 22 14 0 168 

116.855a 6 .000 

No 15 6 7 3 31 

No 

response 
0 0 0 3 3 

Total 147 28 21 6 202 
a data meets the assumption of all expected frequencies >5. 

3.6.2 Practical skills on repair of electric fence 

Basic knowledge and practical skills on electric fence maintenance and repair are important 

especially where technical persons like Agriculture Extension Officials are located far away 

from the village and farms. Some of the basic knowledge and skills required are: ability to 

diagnose problem of electric current flow and power fluctuations; aware of low current during 

monsoon and cloudy days so that in-person guarding of field may be required to complement 

electric fence; ability to connect energiser to other electric fencing system components; and 

check power flow and power line disruptions. The test result showed that there was a significant 

association with the training attended and the knowledge and practical skills acquired for 

general maintenance and repair of electric fences, i.e., χ2=202.027 which corresponded to p < 

0.005 (Table 9).  

Table 9. Impact of training on basic knowledge, practical skills and maintenance of EF 

 

Practical skills 

Total 

Chi-Square Test 

Yes No 
No 

response 
Value df 

Asymp. Sig.     

(2-sided) 

Electric 

fencing 

training 

Yes 76 92 0 168 

203.027a 4 .000 
No 11 20 0 31 

No response 0 0 3 3 

Total 87 112 3 202 
a data meets the assumption of all expected frequencies >5. 
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3.7 Technical verification of electric fence by the survey team 

The survey team from the National Plant Protection Centre and the Regional Plant Protection 

Focal Officials from the Agriculture Research and Development Centres (Wengkhar and 

Samtenling) conducted parallel technical verification of 97% (n=196) electric fencing sites. 

Only six sites were not technically verified as they were reported as completely damaged or 

located in far-off places from the village.   

3.7.1 Energiser 

There were some variations in the status of energisers (i.e., functional or non-functional).  Of 

the 141 electric fences that farmers reported functional, only one was non-functional while the 

team could not verify other 5 sites. Of the 61 electric fences reported non-functional by 

respondents, 27 (44%) electric fences were found functional by the team. The technical team 

found that a total of 162 (82%) electric fences were functional. The team could not verify one 

site that the respondent stated as non-functional (Table 10).   

Table 10. Technical verification of the status of energiser, i.e., functional or non-functional 

 
Energiser status (Farmer) Total 

(Count) Functional Non-functional 

Energiser status (Team) 

Functional 135 27 162 

Non-functional 1 33 34 

No response 5 1 6 

Total 141 61 202 
a data meets the assumption of all expected frequencies >5. 

Energiser is the most important component of electric fencing system. It must be correctly 

connected for effectiveness and to avoid damage. For example, the connection between the 

energiser, solar panel, charge controller and the battery or energiser and the fence must be 

correct for maximum effectiveness of the electric fencing system. It was found that 77% 

(n=155) electric fences had correct connection while 18% (n=36) were incorrect (e.g., energiser 

directly connected to battery, energiser using the same earth from household electricity).  

However, 8% (n=17) of the electric fence incorrectly connected with energiser were found 

functional. On the other hand, of the 34 non-functional energisers, 32% (n=11) had correct 
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connections (Table 11). In one site at Tsento (Paro), 8 energisers were used for a 4-km electric 

fence. 

Table 11. Technical verification of energiser connection 

  
Energiser connection 

Total 
Correct Wrong Not assessed 

EF status 

(Team) 

Functional 140 17 5 162 

Non-functional 11 19 4 34 

No response 4 0 2 6 

Total 155 36 11 202 

3.7.2 Earth system 

The components of the earth system such as metal conductors, earth pegs, earthing mix (e.g. 

salt and charcoal) and moisture must be correctly installed or maintained.  

Figure 29. Proper installation of earth system is critical to complete the electric circuit 

The team found that 78% (n=157) of the earth system was correctly connected, 11% (n=23) 

incorrect, 5% (n=10) and 6% (n=12) could not be assessed. Wrong earth here refers to the 

connection of household electric and electric fence earth connected together or earth connected 

to live wire or earth connected to the electricity Miniature Circuit Breaker (MCB). Improper 

or wrong connections are likely to damage the energiser. 

On verifying the status of the earth system, the team found 168 (83%) electric fences were 

functioning properly while only 2% (n=5) was non-functional. Technical verification of 29 

(14%) electric fences of the sample survey could not be conducted due to lack of electricity 

connection, damaged energisers or solar panels at the time of technical verification in the field 

(Table 12). 
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Table 12. Technical verification of the earth system of electric fences 

  

Earth connection (Count) 

Total 
Correct Wrong Disconnected 

Not 

assessed 

Earth 

status 

(count) 

Functional 147 18 2 1 168 

Non-

functional 
3 1 1 0 5 

Not assessed 7 4 7 11 29 

Total 157 23 10 12 202 

3.7.3 GI wires 

Rusted wires obstruct the flow of electric current and decrease effectiveness of fence against 

wild animals. Despite farmers using galvanised iron (GI) wires, more than 66% (n=133) 

electric fences had partially or fully corroded or rusted GI wires. Only 29% (n=59) did not have 

any corrosion on GI wires while 5% (n=10) of electric fencing sites wires could not be assessed. 

Although 20% (n=40) of the respondents used lubricants to prevent rust, 7% (n=14) had 

partially rusted and 8% (n=17) fully rusted GI wires. However, 24% (n=50) of those not using 

any form for lubricants did not have rust while 22% (n=45) had partial rust problem (Table 

13). 

Table 13. Technical assessment of GI wires 

 

GI wire (Rust status) 

Total 
No rust 

Partially 

rusted 

Fully 

rusted 

No 

response 

Lubrication 

No 50 45 55 8 158 

Yes 7 14 17 2 40 

No response 2 0 2 0 4 

Total 59 59 74 10 202 

3.7.4 Solar power and its accessories  

The source of energy for running electric fence could be either from electricity or solar panels. 

Solar panels require battery and charge controller. More than 73% (n=148) used electricity as 
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the main source of energy of which 79% (n=117) were functional, 17% (n=25) non-functional 

and 4% (n=6) could not be assessed.  

The solar-powered electric fence requires an assembly of solar panels, battery, and charge 

controller. Solar panel is used to charge or energise battery during the day while the battery 

always provides energy to the fence (i.e., day and night). However, solar panels, battery and 

charge controller should be properly connected so that the electric fence remains functional. 

About 27% (n=54) electric fencing sites had used solar panel to run electric fences, of which 

83% (n=45) were functional and 17% (n=9) non-functional. Of these only 13% (n=7) solar 

panels 17% (n=9) batteries had wrong connection. The solar charge controller had the 

maximum incorrect connection with 35% (n=19), while 30% (n=16) of them were still 

functional with the wrong connection (Table 16). Of the two disconnected charge controller, 

one was found functional upon testing by the team.  

Table 14. Technical verification of solar panel components (charge controller) 

  

Charge controller connection 
Total 

Correct Incorrect Disconnected 

Solar fence 

status 

Functional 28 16 1 45 

Non-functional 5 3 1 9 

Total 33 19 2 54 

3.8 Impact of electric fencing 

Respondents were asked to rate the impact of electric fencing to their family, society, and how 

safe and cost effective the electric fences were in mitigating human wildlife conflict. More than 

90% of the respondents agree that electric fencing had brought about positive impacts to all 

these parameters. Beneficiaries stated that family conflict on who should be guarding crops 

had been the main issue, while exhaustion of sleepless nights and stress had also led to easy 

provocation to arguments and family tensions. Prior to electric fencing, social conflicts due to 

crop depredation by domestic animals were high. Such social disharmony has drastically 

reduced as electric fences are found very effective against domestic animals like cows and 

horses (See Table 4).  
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The Pearson Chi-Square test shows that the results for family conflict reduction (p=.009) and 

social conflict reduction (p=.011) are highly significant while it is not significant for HWC 

mitigation and cost effectiveness (p=.063). The non-significance may be due to the fact that 

unless supported by the government, a 4-strand electric fence is expensive with an average cost 

of about Nu. 95000 per kilometre. Even for small farmers with limited land holding, installation 

of individual electric fence is expensive and less feasible as small parcels of farmland are 

sometimes scattered from each other.  However, respondents felt that electric fence with private 

ownership are more effective than the ones supported by the government and projects. The 

Pearson Chi-Square test confirms with a high significance p value of .005 (Table 15).  

Table 15. Respondents impact rating of electric fencing to the family and community 

  
EF Status 

(Count) 

Count Pearson Chi-Square 

Agree Disagree 
Not 

sure 

No 

response 
Total Value df 

Asymp

. Sig. 

(2-

sided) 

Family 

conflict 

reduction 

Functional 162 1 2 2 167 

11.673a 3 .009 
Non-

functional 
29 2 2 2 35 

Total 191 3 4 4 202 

Social 

conflict 

reduction 

Functional 159 2 5 1 167 

11.075a 3 .011 
Non-

functional 
28 2 3 2 

35 

Total 187 4 8 3 202 

HWC 

mitigation 

safe/cost 

effective 

Functional 155 5 5 2 167 

7.291a 3 .063 Non-

functional 
29 2 1 3 35 

Total 184 7 6 5 202    

Private 

ownership 

more 

effective 

Functional 73 79 14 1 167 

12.799a 3 .005 
Non-

functional 
9 21 2 3 35 

a data meets the assumption of all expected frequencies >5. 



37 
` 

3.9 Constraints faced by farmers 

There cannot be a situation free of constraints and challenges, but the magnitude or degree 

varies from one situation to another. In case of electric fencing, those major ones which are 

detrimental to its effectiveness are mentioned and described (Table 16). The most important 

constraints reported by respondents were the difficulty to get wooden fence posts for replacing 

broken or rotten ones (37%, n=73), followed by lack of cooperation of group members for 

maintenance (29%, n=58), frequent necessity to clear off vegetation under and along the fence 

lines and around the electric fencing posts (28%, n=56), inadequate information of fencing 

materials (23%, n=47), and lack of technical knowledge (17%, n=35).  

Table 16. Constraints reported by the respondents in percent (multiple responses) 

Constraints n % 

Pole replacement difficulty 73 36 

Non-cooperation 58 29 

Frequent clearing 56 28 

Information/awareness on availability of materials 47 23 

Lack technical knowledge 35 17 

*Not effective against monkey, deer, rabbit, porcupine  

Other constraints faced by respondents were rusting of GI wires, non-availability of fencing 

accessories and materials, insufficient power for solar-powered electric fences during 

monsoon, energiser damage by lightning, and difficulty to manage electric fences that were 

long. There were 21 (10%) respondents who did not seem to have constraints. 

 

 

 

 

 



38 
` 

4. Discussion 

4.1 Economic and social dimensions of human-wildlife conflict 

The human-wildlife conflict (HWC) continues to dominate all levels of public discourses and 

media outlets in Bhutan (Ura et al., 2009; Chhimi, 2021). The issue of wild herbivores raiding 

and damaging crops will not be the last as more than 53% of the total households surveyed 

depend on agriculture as their main source of livelihood and income. Despite the mitigation 

measures such as the installation of electric fences, the total cultivated area decreased by 8% 

(60 acres) from a total of 519 acres, which is mainly attributed to depredation of crops by wild 

animals and labour shortage. This result is consistent with the findings of other published 

reports (Ura, 2009; RSD, 2019). On the contrary, there is a report that electric fencing has 

encouraged some farmers in the East to cultivate their fallow lands (Penjor et al., 2014; 

Feuerbacher et al., 2021). Such contradictory results from different reports need to be further 

verified as the current study is one of the latest one that used sampled households with electric 

fencing from 17 dzongkhags. 

Human wildlife conflicts are common in agricultural landscape that provides an interface for 

interactions between humans and wildlife (König et al., 2020). In the absence of other effective 

and economically viable options to protect crops from wildlife, crop guarding from the make-

ship watch towers, which is commonly used in Bhutan, is found the most effective method 

used by farmers to reduce crop loss to wildlife in Nepal and South Africa (Studsrød & Wegge 

1995; Findlay & Hill, 2021). In the past, about 96% of the respondents in the sample survey 

had to physically and continually guard crops against wildlife about 5 months on average in a 

year. Wild pigs caused the maximum crop yield loss and the longest duration to guard crops 

against them for more than 4 months in one cropping season. Crop guarding involved every 

member of the family, but the burden fell more on males. Yet more than 28% of the total crop 

yield would be lost to wild animals. Besides the economic loss, farmers had to undergo physical 

and psychological stresses that would culminate into family dispute, wrangling, and social 

disharmony. Such hidden dimensions of human-wildlife conflicts are not considered while 

formulating and implementing conservation policies. It is clear from the current study that 

respondents expressed their resentment only to wildlife that threaten their life and livelihood. 

Many research studies concur to such negative feelings and hostile actions against wildlife as 

the result of apathy of the government on farmers’ plight and when conservation policies favour 
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wildlife rights more than those affected farmers (Barua et al., 2013; Redpath et al., 2015; 

Manoa et al., 2020).  

4.2 Crop yield loss to wild animals before and after electric fencing 

Only five major crops (i.e., paddy, maize, wheat, potato, and vegetables) mostly affected by 

wildlife were selected for yield loss estimation. There is a strong correlation on the yield loss 

with (i.e., after electric fencing) and without (i.e., before electric fencing) electric fences. 

Electric fencing has help reduced crop loss in all crops from 28% (192 MT) to 6% (45 MT). 

The maximum reduction of crop loss was reported in maize by 32% (down from 51 MT to 18 

MT). The present study shows that reduction in crop loss from wildlife due to electric fencing 

has not encouraged farmers to increase cultivated area, in contravention to the popular belief 

(Zangmo, 2016; Thinley, 2019) and reports (Penjor et al., 2014; Feuerbacher et al., 2021) that 

encouraged farmers to increase area under crops or bring fallow land into cultivation. 

The frequency of wild animal damaging crops in descending order is wild pig, barking deer, 

sambar, elephant and bear. Among these wild animals, wild pigs posed the biggest threat to 

crop loss and the one that required the maximum crop guarding time of farmers in the past. It 

is still the number one vertebrate pest, causing the maximum crop yield loss despite electric 

fencing. While the overall crop loss from wild animal due to electric fencing is going down, 

the loss of crops to other emergent vertebrate pests such as rabbits, rodents, Indian peafowls 

and other birds are increasing (see Table 3).   

The ranking of wildlife by farmers were based on the quantity of crop yield lost to them. The 

trend in the ranking of wildlife by respondents in both before and after the installation of 

electric fencing remains almost the same for the major crops. For example, in potato, if bear is 

ranked second before, its ranking after the installation of electric fencing is also second. In all 

the major crops except vegetables, wild pig is ranked first both before and after the installation 

of electric fencing. In paddy, elephants ranked second followed by monkeys. However, only 

the average ranking of elephant for paddy has increased by one unit after the installation of 

electric fencing. This result is indicative of an ineffectiveness of electric fencing against 

elephants. Monkey is ranked the second most destructive wild animal in maize followed by 

rabbit. Rabbit still ranks first among other vertebrate pests in vegetables, while bear is ranked 

second in vegetables and potato. This kind of ranking system should help in prioritising the 

wildlife management strategies for different crops and regions for the country.  
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4.3. Conservation efforts and the wildlife population 

Respondents feel that the population of wildlife has increased. The views expressed by 

respondents are in concurrence with the strong conservation policies of Bhutan that protect 

wildlife such as the ban on killing of wildlife (Wang et al., 2006) and other conservation 

measures such as protecting more than 51% of the geographical area under the National Parks, 

wildlife sanctuaries, nature reserves, biological corridors, recreational and botanical parks. The 

increase in population of most common vertebrate pests of crops (ungulates such as wild pigs, 

sambar, barking deer) is attributed to the poisoning of wild dogs (Cuon alpinus) in the early 

1980s (Wangchuk, 2004).  

The initiative of the government to protect and restore the population of predators such as 

tigers, leopards and wild dogs may have driven the herbivores to avoid them and forage crops 

(Thinley et al., 2017). This in part escalates the negative sentiments to the extent of taking 

lethal actions by farmers against these vertebrate pests (see Dickman, 2010; Karanth & 

Vanamamalai, 2020). However, such actions have a cyclic effect on farmers as in the case of 

wild dog poisoning to save the lives of their cattle, but  leading to the upsurge of ungulate 

population that damages crops (Wangchuk, 2004, Santiago-Avila et al. 2018). Therefore, both 

the proponent (i.e., government or non-governmental organisations) and the victims (farmers) 

have to manage the conflict that fosters co-existence though mitigation measures which is not 

limited to the current measures of promoting electric fencing and compensation for livestock 

killed. For example, Redpath et al. (2015) and many others (see Treves et al., 2006; Linnell et 

al., 2010; Young et al., 2013) suggested that wildlife conservationist and stakeholders must 

first understand the nature of problem between the conflict species, resolve their differences 

and then identify the effective methods to mitigate the conflicts.  

4.4 Electric fencing as a measure for mitigating human-wildlife conflict 

Human-wildlife conflict management is complex and riddled with many challenges. For 

millennia, farmers used both lethal (killing, poisoning, traps) and no-lethal (fences, repellents, 

guarding, scaring) techniques to minimise crop damage (Woodroffe et al., 2005; Nyhus, 2016). 

Scientific communities around the world have established beyond doubt that lethal means of 

controlling conflict species is not effective to resolve the conflict, but advocate co-existence 

and stakeholder involvement in planning and implementation of wildlife management 

strategies that align to national, local and family goals and objectives (Dubois et al., 2016; 
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König et al., 2020). Farmers resort to killing wildlife when their food security is threatened and 

when there is no other alternative (Mekonen, 2020). The most effective non-lethal measure 

commonly used against vertebrate pests such as ungulate is electric fencing (Honda et al., 

2020), which is widely promoted and the most popular crop protection method used against 

ungulates and primates (Penjor et al., 2014). Electric fencing seems to be the silver bullet for 

the moment, but continuous investment on research and development on mitigating human-

wildlife conflict measures should be made and expanded beyond wildlife conservation dogma 

and rhetoric.   

4.4.1 Ownership and electric fencing management 

Electric fences in Bhutan are almost entirely provided to farmers group or communities by the 

government and non-governmental organisations to mitigate crop damage by wildlife. More 

than 83% (n=168) electric fences of the sample survey were owned groups were supported by 

the government, projects or non-governmental organisations. However, more than 20% electric 

fences owned by group were non-functional. In total there were 40 non-functional electric 

fences (i.e., powered by electricity and solar energy). The main reasons were damaged 

energiser, often by lightning (i.e., indication of poor earth system), lack of cooperation of group 

members and poor maintenance. Electric fence should be routinely inspected for wire breakage; 

current leakage; damaged-posts, energizer, solar panels or batteries; obstruction of GI wires by 

vegetation (Fernando et al., 2008). The most frequently required management is the clearing 

of vegetation and outgrowths along the fence lines which if not performed would lead to current 

leakage. Due to labour shortage, farmers have resorted to using glyphosate, an herbicide to 

control weeds and other vegetation along the fencing wire lines. The International Agency for 

Research on Cancer has classified glyphosate as potentially carcinogenic (la Cruz et al., 2021), 

thus the use of glyphosate must be minimized and used with extreme caution to prevent human 

health hazard and environmental pollution.     

Ineffective bylaws and lack of leadership have been the impediment to mobilise group 

members in carrying out timely electric fence maintenance. The current electric fencing group 

bylaws have focussed more on imposing cash penalties and sanctions (e.g., expulsion from 

group) for group members who fail to participate in electric fence maintenance rather than 

promoting harmony and cooperation among the group members. It is important in future for 

every group member to understand the purpose of bylaws and its organisational structure. Since 

electric fence maintenance is the most important part of its operation and effectiveness, clear 
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terms of reference for electric fence maintenance should be developed. For example, assigning 

responsibility to group members who should check the fence (roster); purchase replacement 

parts; who, when and how group members should carry out maintenance work and clearing of 

bushes in and around the fence lines (WWF, 1999; NPPC, 2015). 

4.4.2 Effectiveness of electric fences 

 Electric fencing is increasingly being used for biological conservation efforts and to prevent 

crop damage (Hayward & Kerley, 2009). The effectiveness is further enhanced if the entire 

conservation area or village is fenced (Hoare, 2012), however, this measure is contrary to 

sustainable management of human-wildlife conflict through coexistence if their migration 

routes and food sources are disrupted (Hayward & Kerley, 2009).  

In Bhutan, electric fencing is commonly used for protecting crops from wildlife damage 

through exclusion or prevent gaining entry of wildlife into cultivated farmlands. Electric fences 

are found effective against wild pigs and bears, but some wild pigs manage to enter cultivated 

fields when gaps between GI wires were not used as per the recommended spacing (i.e., height 

of 15 cm between the ground level and the first wire-strand and 20 cm height spacing thereafter 

for ungulates).  

Electric fences are found effective against feral wild pigs if well-constructed, but the initial 

cost of installation and maintenance is high (Massei et al., 2011). Though some report that 

electric fences are effective in deterring elephants from raiding crops  (Kioko et al., 2008; 

Davies et al., 2011), there were few respondents who reported EF are not effective  against 

elephants in Bhutan. This can be improved by redesigning the fence, for example, increasing 

the height of GI wire above the ground to 2 metres with a strong post, maintaining the voltage 

between 220 and 8000 volts and then ensure proper and regular maintenance (Koiko et al., 

2008; Jarungrattanapong & Sajjanand, 2012). Other measures such as the use of chilli fencing 

(Davies et al., 2011) and bees have been successful in deterring elephants. However, the use 

of Apis cerana and Apis mellifera on Asian elephants were not successful unlike the success 

reported from using African bees (Apis mellifera scutellate) on African elephants (Loxodonta 

Africana) (King et al., 2017; Dror et al., 2020).  
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Figure 30. Electric fencing design for elephants (left) and deer (right) 

Effectiveness of electric fences to guard crop against wildlife is contingent on many factors, of 

which the proper installation of components of electric fencing system (energiser, earth stakes, 

polywire/galvanised iron wire, insulators, solar panels, batteries, posts) and timely maintenance 

of electric fences are of utmost importance (Honda et al., 2020). The survey team who assessed 

the technical aspects of electric fences found that the most common problem for non-functional 

or ineffective electric fences in Bhutan were due to wrong connections (energiser, earth system, 

charge controller); use of rusted GI wires; improper use of barbed wires along with electric 

fence GI wires; and damaged energisers. These knowledge and technical skill gaps of group 

members can be enhanced by providing trainings as more than 55% of respondents lacked skills 

in electric fencing maintenance, rectification and repair. 

Figure 31. Use of barbed wires (left) and wooden shingles (right) along with electric fence GI 
wires (not recommended) 

The current electric fencing design is not effective against other vertebrate pests (monkeys, 

deer, porcupines and rodents). The 6% crop loss to monkey before the installation of EF and 

27% crop yield loss after the installation of EF (see Table 3) indicate higher numbers of 
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monkeys overcoming the electric fences. This statement supports the result in Table 4 in which 

the EF p value is .053.  The ineffectiveness of electric fences against primates like monkeys is 

obvious from their high intelligence that help them to learn new behaviours (Sillero-Zubiri & 

Switzer, 2001).  

There are anecdotal reports of some ungulates like deer leaping over the electric fence or 

sneaking in through GI wire gaps for which increasing the height and maintaining appropriate 

wire spacing can prevent them from gaining access into the cultivated fields. Mitigation 

measures are required for reducing crop loss to emerging rodent pests like porcupines and 

rabbits. The conventional electric fences will not be effective unless modified using 10 to 15 

cm electric fence wire spacing and then painting molasses on the wire (by using wire mesh 

electric fencing or wire mesh that goes a minimum of 30 cm overhead and underneath the 

ground to prevent them from burrowing or leaping over the fence (Sarwar, 2018). This method 

may be practical for small areas such as vegetable gardens and high value crops. However, the 

most effective crop protection against wildlife remains the active guarding and frequent 

patrolling of field peripheries accompanied with shouts and chasing them off the fields, but are 

labour intensive (Hill, 2018).   

Figure 32. Improper (left) and correct (right) installation of locally modified insulators 

4.4.3 Impact of electric fencing on society and family 

There are evidences of psychological and physical health problems resulting from mental stress 

and physical exhaustion due to wildlife depredation (Jadhav & Barua, 2012). Human-wildlife 

conflict disrupts normal family life; deteriorates health from having to guard crops day and 

night during the entire cropping season for safeguarding family income and food security; 

weakens family ties and social harmony; deprives social rights and obligations; causes 
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psychological trauma, causes injury or casualty by wildlife (e.g. elephants, bears); incurs 

transaction costs; and leads to the loss of opportunity cost (Barua et al., 2013; Bond & Mkutu, 

2018).  

Electric fencing has been proven to be beneficial not only economically, but socially to the 

family and community in terms of time, social security and safety (Saptoka et al., 2014). 

Electric fencing in Bhutan has brought about many desirable impacts to the family and social 

well-being as more than 90% of the respondents in the survey had rated highly on social 

impacts such as reduction of family and community conflicts; time saved from crop guarding 

for carrying out many other family and economic activities; reduction of psychological and 

physical stress; and fostering positive sentiments towards wildlife due to less interactions and 

damage to crops. 

4.5 Constraints of electric fencing 

The government and projects support the use of wooden posts which are locally available and 

cheaper than other alternatives. However, wooden posts are easily damaged by external force 

and through natural decay and must be regularly replaced. Now it is increasingly becoming 

difficult to get wooden posts for replacement. Moreover, the lifespan of the currently used 

wood posts are around 2 to 5 years, meaning the frequent requirement for maintenance and 

replacement. Failing to replace even one damaged wooden post would mean compromising the 

efficacy and effectiveness of the whole electric fencing system. It is imperative that alternative 

posts (e.g., iron angle posts, concrete posts, fiberglass, HDPE pipes, locally fabricated plastic 

posts) though expensive than the wooden posts, must be provided by the government in the 

absence of any compensation for crops damaged by wildlife and deprivation of farmers’ 

livelihood at the cost of conserving wildlife. 
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Figure 33. HDPE pipe (left) and concrete (right) electric fencing posts 

Non-cooperation of group members, frequent clearing of vegetation along the fence wire lines 

and inadequate technical skills and knowledge were some of the constraints mentioned by the 

respondents. These can be addressed by developing a good organisational structure, capacity 

building and awareness programmes. 
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5. Conclusion 

Bhutanese farmers for centuries have used traditional methods of crop protection against 

wildlife such as active crop guarding, fencing (bamboo, stone, live plants), scarecrow and 

banging tins to deter wildlife from attacking crops. These measures did little to protect crops 

from increased frequency of wildlife visits to agricultural farms, until electric fences were 

found effective in mitigating the problem. The impact assessment of electric fencing in 17 

dzongkhags has revealed that it has contributed significantly in reducing crop loss and 

enhanced social wellbeing of farmers. However, the study found that there was a substantial 

amount of crop lost to wildlife due to non-functional and ineffective electric fences arising out 

of lack of cooperation among group members in implementing timely maintenance and 

clearing of vegetation in and around electric fence lines. In some instances, improper design of 

electric fence was responsible for some wild animals like elephants, monkeys and deer from 

gaining access into cultivated fields and damaging properties and crops.  

In future, electric fences must be designed depending on the type of pressure of wildlife on 

crops of that area. Since electric fencing is expensive for farmers and that they do not get 

compensation of the crops damaged by wildlife, government should continue supporting 

farmers along with the formation of a very strong organisational structure for taking full 

accountability in ensuring the electric fences remain effectively functional. More importantly, 

government should invest more on research and development of technologies, alternatives, 

mitigation measures to reduce human-wildlife conflicts. 
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Annexure 

Questionnaire for Electric Fencing System 

Date of survey: 

Surveyor name:  

Respondent name: 

Respondent Contact No:       E-mail ID:   

1) Location details (electric fence)  

i. Dzongkhag: 

ii. Gewog: 

iii. Chiwog: 

iv. Village:  

v. Elevation (masl): 

vi. Latitude (decimal degree): 

vii. Longitude (decimal degree): 

 

Please indicate DK for “Don’t’ know” responses wherever necessary  

2) Demographic characteristics and education: People living in the household (Persons 

staying there majority of the year) 

A           Household member list (not by 

name) 

(Tick Interviewee/circle Household head) 

B 

(Gender) 
C (Age) 

D 

(Education) 

       

       

       

    

Others       

 Annual income of the household (Nu.)  

E (Main source of income of the household)  

A (Hhs. Member list): 1=Father, 2=Mother, 3=Grandfather; 4=Grandmother, 5=Son, 

6=Daughter, 7=Grandson; 8=Granddaughter, 9= Helper, 10=Others (Uncle, Aunty...); B 

(Gender): 1=Male, 2=Female 
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D (Education): 1. 1=Uneducated, 2=NFE, 3=Class 1-6, 4= Class 7-10, 5= Class 11-12, 6= 

Diploma, 7= Bachelor’s & above, 8= others (specify); E (Main source of income): 1. 

Agriculture, 2= Livestock, 3=Forest products, 4=off-farm, 5=Remittances; 6=others (specify) 

3) Land ownership 

Type 
Area 

Cultivated  
Non-

Cultivated  

Reasons for  

non-

cultivation  
Unit Value Remarks  

Dry land (Total)       

Wetland (Total)       

Orchard (Total)       

Dryland (Leased)       

Wetland (Leased)       

Others (specify)       

4) Did you guard your crops before solar/electric fencing (If not guarded, go to next 

question) 

A (Wild 

animal) 

 

Crops 

 

Who 

guarded? 

 

 B 

(Time) 

 

Duration of guarding  

(Specify unit 

     

     

     

     

     

     

     

 

A (Wild animals): 1= wild pig 2=elephant 3=monkey, 4=bear, 5=deer, 6=Sambar deer, 

7=porcupine, 8=rabbit, 9=Indian peafowl, 10=others (specify like birds); B (Time of 

guarding): 1=Night, 2=Day, 3= Both 
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5) Crop cultivated and loss to wild animals (Before solar or electric fencing) 

Crops 

Area Total 

Yield 

(Specify 

unit) 

Yield loss to 

wild animal 

(Specify unit) 

Wild animal 

responsible* 

Ranking 

Unit Value 

       

       

       

       

       

* 1= wild pig 2=elephant 3=monkey, 4=bear, 5=deer, 6=Sambar deer, 7=porcupine, 8=rabbit, 

9=Indian peafowl, 10=others (specify) 

6) Crop cultivated and loss to wild animals (After electricity or solar fencing) 

Crops 

Area Total 

yield 

(Specify 

unit)  

Yield loss 

to wild 

animal 

(Specify 

unit) 

Wild animal 

responsible* 

Population 

status (+/-) 

Ranking 

Unit Value 

        

        

        

        

        

* 1= wild pig 2=elephant 3=monkey, 4=bear, 5=deer, 6=Sambar deer, 7=porcupine, 8=rabbit, 

9=Indian peafowl, 10=others (specify) 

7) Do you report the crop damage to the concerned agencies? 

Yes (To whom do you report?):      

No (State reasons): 
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8) Electric fence  

8.1 Details 

Owner-

ship 

Length 

(Km) 

Energy 

source 

Year 

established 

Stat

us 

Beneficiari

es (HHs) 
Funding source 

       

       

       

Others:       

Cost estimate of 

fencing 
Total cost (Nu) 

Cost Sharing (%) 

Govt. 
Commu

nity 

Individual 

     

     

     

Ownership: 1=Community, 2=Private, 3=Government, 4 Others (Specify) 

Energy source: 1=Electricity, 2=Solar; 3=Both 

Status of EF: 1=Functional, 2=Non-functional 

Funding source: 1=Government, 2=Own, 3=Project, 4=Cost sharing 

 

8.2 If non-functional, state reasons: 

 

 

8.3 Reason for choosing solar energy (if powered by solar) 

 

8.4 If powered by electricity, how is the reliability? 

 

 

8.5 Who provided you the technical support during installation (List)? 
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9) Rate the effectiveness of electric fence for the following animals? 

Wild animal Performance Remarks (especially for partially and not effective) 

Wild pig   

Monkey   

Barking Deer   

Musk deer   

Bear   

Elephant   

Porcupine   

Cow   

Horse   

Others (specify)   

Performance: 1=effective, 2=partially effective, 3=not effective 

Electric Fence Management 

10) How do you carry out the maintenance and repair work? 

   Individual     In group 

11) Do you prefer to work in a group? 

Yes      No, Why 

12) How do you perform the following activities?  

Activities Remarks 

Type Who or How Frequency 

Clearing fence peripheral     

Replacing poles    
Gate management    
Replacing GI wire      
Greasing GI wire    
Replacement of energizer    
Check earthing     
Watering the earthing     
Monitoring    
Others (specify)    



60 
` 

13) Do you use Chemical (herbicide) to clear bushes around fence area? 

Yes (Frequency)    No (go to Q15) 

14) Name the chemical (herbicide) used and it source: 

Herbicide name: 

Source: 

15) What type of wood did you use as a pole (Tick the appropriate response)? 

Type Average life span (years) Local name (tree/wood) 

Hard wood   

Soft wood   

Both   

Other poles (specify)   

16) Do you replace the poles? 

Yes (If ‘yes’, how often the poles are replaced) No  

17) Are wooden poles easily available and accessible? 

Yes        No (State reason(s) 

 

18) Is it easy to get the pole permit? 

Yes       No (State reason(s) 

 

19) Do you belong to group? 

Yes       No (go to Q 20) 

 

19.1. Does your group have by-laws for maintenance of EF? 

Yes       No  

19.2. List main functions of the bye-laws. 

………………………………………………………………………………………… 
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19.3. In your opinion, how would you rate the functioning of your bye-laws: 

Effective (Functioning well) 

Partially effective 

Non-functioning 

Others (Specify) 

19.4.   Is there any sort of penalty/fines for any group member failing to comply 

with the bye-laws or informal agreement? 

Yes (specify)      No 

19.5. How does your group function in the absence of bye-laws? List responses 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

19.6. In case of conflict within the group, how do you resolve it? 

 

19.7. Does the group have revolving fund maintenance of fence? 

Yes       No 

19.8. Who does the checking of connection and energizer in your group?  

 

20) Do you know the whether the energizer or adaptor is damaged? 

 

21) Do you keep the spare of energizer & adaptor? 

 

22) What is your opinion about the following aspects of electric fencing? 

Opinion 
Strongly 
disagree 

Disagree 
I am not 
sure 

Agree 
Strongly 
agree 

EF reduces family conflicts caused by HWC      
EF reduces  social conflicts caused by HWC      
EF do not need timely maintenance & repair       
Repair and maintenance of EF is relatively 
easy      
Private funded EF are more effective than 
government funded EF      
EF is a safe and cost effective measure to 
mitigate HWC      



62 
` 

23) List constraints for managing Electric fence?  

 

24) Safety issues 

22.1 Technical capacity on EF working principles and management of individuals and 

group members. 

A  

(Training) 

B 

(Trainer) 

C (Safety 

awareness) 

D (Safety 

signboard) 
Remarks 

     

A (Training): 1=Only theory, 2=Only practical, 3=Both, 4=No 

B (Trainer/resource person): 1=NPPC, 2=ARDCs, 3=Gewog RNR (Agriculture, Livestock, 

Forests), 4=Parks, 5=BPC, 6=Neighbor/Friends, 7=Others (Specify) 

C (Awareness on safety issues): 1=Yes, 2=Partly, 3=No 

D (Safety signage): 1=Yes, 2=No 

22.2 Do you know how to connect or switch the EF energizer? (basic things)  

 

22.3 Do you observe any effect of weather on the functioning of fencing System? 

           Yes (How)                No  

22.4 Is your fence overlapping with other fence like barbed wire, mesh wire and other 

wooden fence? 

Yes        No    

22.5 Do you have approval from the BPC for using the power line for electric fence? 

       Yes        No   
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Technical validation (By surveyor)  

Sl. 

No. 
Particular Parameters Details Remarks 

1 

 

 

Energizer  No.    

Specification    

Status    

Connection (how)   

Location installed   

2 Earth No.    

Soil type   

Status    

Connection (how)   

3 GI wire 

strain  

No. of strain   

Specification    

Status (rust)   

Connection (how)   

4 Insulators  Specification   

Types   

Layout   

Status   

5 Pole Pole Types   

Pole to pole 

distance (m) 

  

Poles (No.)   

  Specification    
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Other observations not listed above: 

 

 

 

 

 

 

 

 

 

6 Gate  Type (overhead/ 

underground) 

  

7 Solar 

panel 

No.    

Specification    

Status    

Connection (how)   

8 Battery  No.    

Specification    

Status    

Connection (how)   

9 Solar 

charge 

controller  

No.    

Specification    

Status    

Connection (how)   

10 Location 

of fence  

Near forest, near 

settlement etc. 
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