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ABSTRACT 

Aversive geofencing devices (AGDs) or satellite-linked electric shock collars are 

commercially used on livestock species to restrict them to within a virtual boundary. AGDs 

can condition animals to associate an audio warning with an impending electric shock which 

is delivered as they reach a virtual boundary and avoid receiving the shock by modifying 

their movement. This method has potential to minimise conflicts between humans and Asian 

elephants (Elephas maximus) by conditioning elephants to avoid human habitats. Human-

elephant conflict (HEC) poses a great threat to Asian elephant conservation, but most current 

HEC mitigation approaches have many drawbacks and AGDs have not been previously 

trialled on this species. Therefore, the aim of this thesis was to explore the potential of AGDs 

as an HEC mitigation tool by undertaking four empirical studies: assessment of (1) public 

perceptions of the causes of and solutions to HEC, (2) the ability of AGDs to manage captive 

elephant movement, (3) the welfare impact of using AGDs on captive elephants, and (4) 

attitudes towards using AGDs on wild elephants. The analysis of responses from 611 survey 

respondents revealed that all stakeholder groups (experts, farmers and others who have and 

have not experienced HEC) agreed on most causes of HEC and the importance of elephant 

conservation. But farmers who are exposed to HEC disagreed with the experts that people 

should try to co-exist with elephants. All stakeholder groups agreed on only a few current 

HEC mitigation tools as being acceptable and effective, emphasizing the need to explore 

additional methods such as AGDs to effectively mitigate HEC. Pilot experiments with 

captive Asian elephants using modified dog-training collars showed that elephants modify 

their movements and display desired behavioural responses to mild electric shocks delivered 

on the neck. The assessment of behavioural and physiological stress responses of the 

elephants during the above experiments revealed that AGDs do not cause unnecessary stress 

to elephants and can be safely used to manage them. The survey on attitudes towards such 

use of AGDs as a potential HEC mitigation tool revealed that respondents had positive 

attitudes towards the effectiveness of AGDs to manage elephant movement. Furthermore, if 

scientific evidence can be provided on the efficacy of AGDs in managing captive elephants, 

then use of AGDs on wild elephants would be perceived as more acceptable by stakeholders. 

Based on the outcomes of this study, the continued exploration of AGDs as an HEC 

mitigation tool should be encouraged. If AGDs can be developed to effectively manage wild 

elephant movements, it will help save lives of both humans and elephants in the future.  



ii 

 

CERTIFICATION OF THESIS 

I Lokuliyanage Surendranie Judith Cabral de Mel declare that the PhD Thesis entitled 

Efficacy and welfare of aversive geofencing devices for managing the movements of Asian 

elephants is not more than 100,000 words in length including quotes and exclusive of tables, 

figures, appendices, bibliography, references, and footnotes.  

This Thesis is the work of Lokuliyanage Surendranie Judith Cabral de Mel except 

where otherwise acknowledged, with the majority of the contribution to the papers presented 

as a Thesis by Publication undertaken by the student. The work is original and has not 

previously been submitted for any other award, except where acknowledged. 

Date: 19th June 2023 

 

Endorsed by:  

 

Professor Tek Maraseni 

Principal Supervisor 

 

Dr. Benjamin Lee Allen 

Associate Supervisor 

 

Professor Saman Seneweera 

Associate Supervisor 

 

Professor Ashoka Dangolla 

Associate Supervisor 

 

Professor Devaka Keerthi Weerakoon 

Associate Supervisor 

 

Student and supervisors’ signatures of endorsement are held at the University.  



iii 

 

STATEMENT OF CONTRIBUTION 

 

Paper 1:  

Cabral de Mel, S. J., Seneweera, S., de Mel, R. K., Dangolla, A., Weerakoon, D. K., 

Maraseni, T., Allen, B. L. (2022). Current and future approaches to mitigate conflict between 

humans and Asian elephants: The potential use of aversive geofencing devices, Animals, 12, 

2965. https:// doi.org/10.3390/ani12212965. 

Student contributed 60% to this paper. Collectively S. Seneweera, R. K. de Mel, A. Dangolla, 

D. K. Weerakoon, T. Maraseni, B. L. Allen contributed the remainder. 

Paper 2: 

Cabral de Mel, S. J., Seneweera, S., Dangolla, A., Weerakoon, D. K., King, R., Maraseni, T., 

& Allen, B. L. (2023). Causes and solutions to conflict between humans and Asian elephants. 

Submitted to journal. 

Student contributed 70% to this paper. Collectively S. Seneweera, A. Dangolla, D. K. 

Weerakoon, R. King, T. Maraseni, B. L. Allen contributed the remainder. 

Paper 3: 

Cabral de Mel, S. J., Seneweera, S., de Mel, R. K., Medawala, M., Abeysinghe, N., Dangolla, 

A., Weerakoon, D. K., Maraseni, T., & Allen, B. L. (2023). Virtual fencing of captive Asian 

elephants fitted with an aversive geofencing device to manage their movement. Applied 

Animal Behaviour Science, 258, 105822. https://doi.org/10.1016/j.applanim.2022.105822. 

Student contributed 70% to this paper. Collectively S. Seneweera, R. K. de Mel, M. 

Medawala, N. Abeysinghe, A. Dangolla, D. K. Weerakoon, T. Maraseni, B. L. Allen 

contributed the remainder. 

 

 

 



iv 

 

Paper 4: 

Cabral de Mel, S. J., Seneweera, S., de Mel, R. K., Dangolla, A., Weerakoon, D. K., 

Maraseni, T., & Allen, B. L. (2023). Welfare impacts associated with using aversive 

geofencing devices on captive Asian elephants. Applied Animal Behaviour Science, 265, 

105991. https://doi.org/10.1016/j.applanim.2023.105991. 

Student contributed 70% to this paper. Collectively S. Seneweera, R. K. de Mel, A. Dangolla, 

D. K. Weerakoon, T. Maraseni, B. L. Allen contributed the remainder. 

Paper 5: 

Cabral de Mel, S. J., Seneweera, S., Dangolla, A., Weerakoon, D. K., Maraseni, T., & Allen, 

B. L. (2023). Attitudes towards the potential use of aversive geofencing devices to manage 

wild elephant movement. Animals, 13, 2657. https://doi.org/10.3390/ani13162657.  

Student contributed 70% to this paper. Collectively S. Seneweera, A. Dangolla, D. K. 

Weerakoon, T. Maraseni, B. L. Allen contributed the remainder. 

  

  



v 

 

ACKNOWLEDGEMENTS 

First and foremost, I wish to thank my amazing team of supervisors. I sincerely 

appreciate the support of my principal supervisor Prof. Tek Maraseni for guiding and 

encouraging me throughout the PhD. I am immensely grateful to Dr. Benjamin Allen, for 

being such an incredible supervisor, a friend, and a constant source of encouragement. I have 

no words indeed to express my gratitude to him for granting me this PhD opportunity, 

guiding and advising me and for always being just a phone call away whenever I needed 

support or had doubts or questions. I am sincerely thankful to Prof. Saman Seneweera for his 

guidance, providing financial support for this project through his grant and for facilitating the 

necessary approvals required for this study. I am incredibly grateful to him for providing me 

an excellent working space at the National Institute of Fundamental Studies (NIFS), Sri 

Lanka and also opportunities to develop my organisational and leadership skills while at 

NIFS. I am sincerely grateful to Prof. Ashoka Dangolla for guiding and supporting me and 

coordinating with various organisation to obtain necessary approvals. I sincerely appreciate 

his prompt responses to my requests for support and for regularly checking up on my 

progress. Last but not least I am ever grateful to Prof. Devaka Weerakoon, my teacher and 

mentor throughout the journey from my undergraduate degree to my PhD, for always making 

himself available when I needed his support and helping me to develop a practically workable 

PhD project.  

I sincerely acknowledge the financial support from the University of Southern 

Queensland through the International Fees Research Scholarship and the National Research 

Council of Sri Lanka through the Investigator Driven Grant (19-046) awarded to Prof. Saman 

Seneweera to conduct my PhD study. During this study, waterproof IP67 electric LED Pet 

Trainer training shock collars (Bestobal, China) were used for the experiments. 

I sincerely thank Ms. Renuka Bandaranayake the former Acting Director General and 

Ms. Dhammika Malsinghe, the former Director General of the Department of National 

Zoological Gardens, Sri Lanka, the Deputy Directors of the Pinnawala Elephant Orphanage 

(PEO): Mr. Mihiran Medawala and Mr. Navod Abeysinghe, veterinarians: Dr. Buddhika 

Bandara, Dr. Roshan Karunarathna, Dr. Malith Liyanage and Dr. Kashmini Sumanasekara, 

Curators: Mr. Sanjaya Rathnayake, Mr. Asanka Dissanayake and Mr. Sameera Rathnayake, 

Chief mahout Mr. Sumedha Herath and all the mahouts at PEO, especially Ananda, Sunil 

Kithsiri, Indika, Milan, Malaka, Susil, Sunil, Nuwan, Keerthi, Thushara, Sumudu, Ranga, 



vi 

 

Samaranayake, Duminda, Palitha, Upali, Priyantha, Primal, Sanath, Liyanage, Ramesh, 

Madhura, Alagalla, Sameera, Ajith without whom this work would not have been possible. 

I also sincerely appreciate the support provided by Dr. Rachel King of University of 

Southern Queensland, Prof. I. M. K. Fernando, Dr. Sankha Nanayakkara, Prof. Preethi 

Udagama of University of Colombo, Dr. Ruchika Fernando of University of Peradeniya, Mr. 

Chamil Weerasiriwardena of Inov 8 Robotics (Pvt.) Ltd for their support during various 

stages of my PhD. My special thanks go to Malitha Senanayake of the NIFS, who was hugely 

involved in my project during its early stages. 

 I wish to sincerely thank the staff of the NIFS especially Prof. Asiri Kumara, Prof. 

Lalith Jayasinghe, Dr. Ruvini Liyanage, Prof. Renuka Ratnayake, Prof. M. C. M. Iqbal, Dr. 

Padmakantha Wanduragala, Prof. Lakshman Dissanayke, Dr. Shalini Rajakaruna, Dr. Kumari 

Tilakaratne, Mrs. S. Samarakkody, Mr. Anura Herath, Mr. Mahesh Kulathunga, Mr. 

Sanjeewa Jayaweera, Ms. Shirani Meedeniya, Mr. R. Hapukotuwa, Ms. Jeeva Kasthuri, Ms. 

Jayasrini Bandara, Ms. Oshadie Senevirathne, Keshan, Janaka, Rusiru, Asanka and Anushika.  

I am ever grateful to all those who assisted me during my field and laboratory work 

and also provided inputs to improve my work in various ways: Noyalin, Hansani, Maleesha, 

Hasindu, Kolitha, Isuru, Nuwani. Maheshika, Dr. Chandima Kamaral, Upuli, Sewwandi, 

Isuri, Umair, Mahesh, Sajith, Pramudini, Priyangi, Afka, Thilakshi, Ovini, Sandhya, 

Tharangika, Manjula, Savani, Kavindya, Kaushalya, Dilhara, Amanda, Harshani, Kulangana, 

Nirubha, Ishara, Malmi, Yashodha, Menaka, Viraj, Surekha, Sanuri, Buddhika, Rasika 

Gunaratne, Pubudu Dissanayake, Dr. Pubudu Kumarasinghe, Dr. Rasika Dissanayake and 

many others. I owe a great deal of gratitude to Ashkar Thasleem, W. Mudiyanse, Sunil 

Gunathilake, Bhagya, Shashi, Dinesh Gabadage, Yasintha, Parinda, Ajith, Chamath, 

Dharmashri, Geethika, Rukmi, Dilroy, M. Senevirathne (Senavi), N. Sabesan, T. Senthuran, 

Pradeep Nishantha, Pavani, Piyumal, Samitha, Dilakshi, Ananda Bandara and Dr. Pravin 

Wijesinghe for their support in conducting the paper-based survey. I am also indeed thankful 

to Rukmal Ratnayake, Deepthi Madumali, Sanjaya Weerakkody, Praneeth Ratnayake, 

Shakila Rathnayake, Isurika Weerasinghe, Ramyani Ratnayake, Nimmi Perera, Inoka 

Samarkkodi, Suvanthee Gunasekera, Dr. Dishane Hewavithana, Dr. Maheshi Mapalagamage, 

Dr. Himali Ratnayake and Dr. Gajavathany Kandasamy for supporting me during this PhD 

journey.  



vii 

 

This would not have been possible without the unwavering support and love of my 

family. My deepest appreciation goes to my loving husband Ruvinda, for being my best 

friend, constant support, advisor, lab mate, field assistant, editor, troubleshooter and for 

bearing with me and keeping me sane, to my wonderful parents Melanie and Sunil and my 

sister Ruvendranie for their love, understanding, being my inspiration and never letting me 

give up on my passion, and to my brother-in-law Maithri, nieces Liana and Anika and my 

parents-in-law Niranjalie and Rienzie for their understanding and encouragement. I am 

eternally grateful to them for standing by me every step of the way. 

I also sincerely thank the respondents who dedicated their time to participate in the 

questionnaire survey. Finally, I owe a great debt to the amazing elephants at PEO. Without 

their cooperation this project would have just been a dream. 

 

  



viii 

 

TABLE OF CONTENTS 

ABSTRACT ................................................................................................................................ i 

CERTIFICATION OF THESIS ................................................................................................. ii 

STATEMENT OF CONTRIBUTION ..................................................................................... iii 

ACKNOWLEDGEMENTS ....................................................................................................... v 

LIST OF TABLES ..................................................................................................................... x 

LIST OF FIGURES .................................................................................................................. xi 

ABBREVIATIONS ................................................................................................................. xii 

CHAPTER 1: INTRODUCTION .............................................................................................. 1 

1.1. Biology of Asian elephants........................................................................... 1 

1.2. People, culture, and Asian elephants ............................................................ 3 

1.3. Threats for conservation of Asian elephants ................................................ 4 

1.3.1. Habitat loss and fragmentation ............................................................... 4 

1.3.2. Hunting and capture for domestication ................................................... 4 

1.3.3. Human-elephant conflict (HEC) ............................................................. 5 

1.4. Aversive geofencing devices (AGDs) as a potential HEC mitigation tool .. 6 

1.5. Objectives and methodological overview ..................................................... 6 

CHAPTER 2: LITERATURE REVIEW – PAPER 1 – CURRENT AND FUTURE 

APPROACHES TO MITIGATE CONFLICT BETWEEN HUMANS AND ASIAN 

ELEPHANTS: THE POTENTIAL USE OF AVERSIVE GEOFENCING DEVICES .......... 10 

2.1. Introduction ................................................................................................ 10 

2.2. Links and implications................................................................................ 40 

CHAPTER 3: PAPER 2 – CAUSES AND SOLUTIONS TO CONFLICT BETWEEN 

HUMANS AND ASIAN ELEPHANTS ................................................................................. 41 

3.1. Introduction ................................................................................................ 41 

3.2. Links and implications................................................................................ 79 

CHAPTER 4: PAPER 3 – VIRTUAL FENCING OF CAPTIVE ASIAN ELEPHANTS 

FITTED WITH AN AVERSIVE GEOFENCING DEVICE TO MANAGE THEIR 

MOVEMENT .......................................................................................................................... 80 

4.1. Introduction ................................................................................................ 80 



ix 

 

4.2. Links and implications................................................................................ 92 

CHAPTER 5: PAPER 4 –WELFARE IMPACTS ASSOCIATED WITH USING AVERSIVE 

GEOFENCING DEVICES ON CAPTIVE ASIAN ELEPHANTS ........................................ 93 

5.1. Introduction ................................................................................................ 93 

5.2. Links and Implications ............................................................................. 109 

CHAPTER 6: PAPER 5 – ATTITUDES TOWARDS THE POTENTIAL USE OF 

AVERSIVE GEOFENCING DEVICES TO MANAGE WILD ELEPHANT MOVEMENT

................................................................................................................................................ 110 

6.1. Introduction .............................................................................................. 110 

6.2. Links and implications.............................................................................. 125 

CHAPTER 7: DISCUSSION AND CONCLUSION ............................................................ 126 

7.1. Key findings ............................................................................................. 126 

7.2. Contributions to the field of study ............................................................ 128 

7.3. Limitation and recommendations for future research ............................... 128 

7.4. Conclusion ................................................................................................ 131 

REFERENCES ...................................................................................................................... 132 

APPENDIX A: SUPPLEMENTARY INFORMATION FOR CHAPTER 3 ....................... 144 

APPENDIX B: SUPPLEMENTARY INFORMATION FOR CHAPTER 4 ........................ 150 

APPENDIX C: SUPPLEMENTARY INFORMATION FOR CHAPTER 5 ........................ 152 

APPENDIX D: SUPPLEMENTARY INFORMATION FOR CHAPTER 6 ....................... 156 

 

 

  



x 

 

LIST OF TABLES 

 

All tables in this thesis appear in the thesis chapters of published/submitted papers, hence are 

not included here.



xi 

 

LIST OF FIGURES 

All figures in this thesis appear in the thesis chapters of published/submitted papers, hence 

are not included here. 

 

  



xii 

 

ABBREVIATIONS  

 

AGD  - Aversive geofencing device 

CITES  - Convention on the International Trade in Endangered Species 

FCM  - Faecal cortisol metabolite 

GLMM - Generalised linear mixed-effects model  

GPS  - Global Positioning System 

HEC  - Human-elephant conflict 

HWC  - Human-wildlife conflict 

IUCN  - International Union for Conservation of Nature 

NGO  - Non-governmental organisation 

NIFS  - National Institute of Fundamental Studies 

PCI2  - Potential for Conflict Index2 

SDB  - Self-directed behaviour 

 

 

 

 

 



1 

 

CHAPTER 1: INTRODUCTION 

Managing negative interactions between humans and wild animals, often termed 

human-wildlife conflict (HWC) (Madden, 2004), is one of the biggest challenges faced by 

conservation biologists. Addressing this issue requires the integration of multiple disciplines 

such as biology, agriculture, social sciences, economics and technology, and the production 

of related research has risen exponentially in the recent past (König et al., 2020; Marchini et 

al., 2019). HWC mitigation is especially challenging when dealing with charismatic and 

symbolic species such as black bears Ursus americanus (Johnson and Sciascia, 2013), wolves 

Canis lupus (Marino et al., 2016), pumas Puma concolor and jaguars Panthera onca  (Engel 

et al., 2017). The Asian elephant Elephas maximus (Linnaeus 1758) is another such species 

and is the focus of this thesis.  

Asian elephants have great cultural and conservation importance and are involved in 

HWC across their entire distribution (Williams et al., 2020). Negative interactions between 

humans and elephants have increased despite efforts to mitigate them (Chen et al., 2013; 

Prakash et al., 2020b; Zhang and Wang, 2003). This thesis focusses on human-elephant 

conflict (HEC) mitigation in Asia (Chapters 2 and 3) and explores satellite-linked electric 

shock collars or aversive geofencing devices (AGDs), a novel virtual fencing technology 

used on livestock species (Goliński et al., 2023), as a potential HEC mitigation tool (Chapters 

4, 5 and 6). This chapter (Chapter 1) provides relevant background information on Asian 

elephants, including a brief overview of their biology and threats for their conservation, and 

also introduces the objectives, scope and organisation of the thesis.  

1.1. Biology of Asian elephants 

The Asian elephant belongs to the Class Mammalia and Order Proboscidea 

comprising of one extant Family, Elephantidae. The Elephantidae family includes only two 

living genera: Loxodonta with two species, the African savanna elephant Loxodonta africana 

and the African forest elephant Loxodonta cyclotis; and Elephas with one species, the Asian 

elephant Elephas maximus. Three subspecies of Asian elephants are currently recognised by 

the International Union for Conservation of Nature (IUCN): the Indian elephant E. m. indicus 

on the Asian mainland; the Sumatran elephant E. m. sumatranus on the Indonesian island of 

Sumatra; and the Sri Lankan elephant E. m. maximus in Sri Lanka (Williams et al., 2020). 

Asian elephants in Borneo are identified as genetically and morphologically distinct from the 
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other subspecies and therefore may be considered as a fourth subspecies E. m. borneensis in 

the future (Fernando et al., 2003; Sharma et al., 2018). Asian elephant (hereafter elephant) 

distribution once extended from the Euphrates and Tigris Rivers in west Asia to the Yangtze-

Kiang River in China (Olivier, 1978), but they presently range in only 13 countries: 

Bangladesh, Bhutan, Cambodia, China, India, Indonesia, Laos, Malaysia, Myanmar, Nepal, 

Sri Lanka, Thailand and Vietnam (Fernando and Pastorini, 2011). Population estimates of 

elephants in range countries vary from 104–132 individuals in Vietnam to 29,964 in India 

(Menon and Tiwari, 2019). The global population of this species is estimated to be about 

48,323–51,680 individuals, of which ~75% is found in India and Sri Lanka (Menon and 

Tiwari, 2019).  

Elephants are social animals, living in basic social units of matriarchal groups of 5–20 

individuals, comprising closely related adult females and their offspring, led by the oldest 

female (Sukumar, 2006). Both males and females attain sexual maturity around 10–14 years 

of age, and males disperse from their natal herds as they reach adulthood, thereby avoiding 

inbreeding, and mostly live alone or in small temporary groups with weak bonds (Sukumar, 

1989). Female elephants reproduce every four to five years with a gestation period of 20-21 

months (Sukumar, 2006). Male elephants come to musth (a physiological and behavioural 

phenomenon where the testosterone levels in blood is generally increased, temporal glands 

secrete a pungent fluid, with the animal showing high level of aggression towards other 

animals) once a year, during which males have better chances for mating with females 

(Sukumar, 2006; Vidya and Sukumar, 2005).  

Elephants are mega-herbivores. They browse and graze, spending about 12–18 hours 

consuming ~150 kg of food a day (Sukumar, 2003; Vancuylenberg, 1977). They are also 

forest engineers, modifying their habitat as they move and forage. Radio telemetry studies 

have shown that home ranges of this species vary from as small as ~50 km2 to as large as 

~800 km2, and that they may travel long distances, with variations dependent on resource 

availability, reproductive status, etc. (Alfred et al., 2012; Baskaran et al., 1993; Fernando et 

al., 2008b). Elephants are highly intelligent animals with superior cognitive skills and having 

strong awareness of their social and physical environment (Bates et al., 2008; Byrne et al., 

2009; Hart et al., 2008). Scientists have provided evidence of elephants’ ability to learn, 

cooperate, solve problems and innovate through experiments with both captive and wild 

elephants (Barrett and Benson-Amram, 2021; Dale and Plotnik, 2017; Irie-Sugimoto et al., 
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2008; Jacobson et al., 2023, 2022; Plotnik et al., 2011, 2010). Elephants’ behavioural 

flexibility and their ability to innovate have also made them able to adapt, survive and 

overcome challenges in changing anthropogenic environments (Barrett et al., 2019; Plotnik 

and Jacobson, 2022). 

1.2. People, culture, and Asian elephants 

Elephants have played an important role in Asian cultural heritage since ancient times. 

The elephant is considered a sacred being and plays an important role in Hinduism and 

Buddhism, two of the main religions in the Asian region (Gogoi, 2018; Köpke et al., 2021; 

Sukumar, 2003). Elephants and elephant motifs have been used in India and Sri Lanka to 

symbolise pride and status (Sukumar, 2003; Wisumperuma, 2004). The earliest elephant 

motifs probably date back to the prehistoric Stone Age (Wisumperuma, 2004) and the earliest 

evidence of captive elephants is found in the Bronze Age (~3000 B.C.) during the Indus 

valley civilisation (Sukumar, 2003). Ancient kings maintained thousands of elephants as 

work animals and warriors; they also traded and gifted them between countries (Csuti, 2006; 

Fernando and Pastorini, 2011; Locke, 2013; McGaughey, 1960; Olivier, 1978; Riddle and 

Christopher, 2011; Sukumar, 2003). At present, captive elephants are commonly kept in 

temples and used in ceremonial and religious rituals; they are also used in the logging and 

tourism industries (Riddle and Christopher, 2011). There is a captive elephant population of 

~15,000 in range countries (Menon and Tiwari, 2019) and another ~1,000 maintained in zoos 

in non-range countries (Sukumar, 2006). The largest regional populations of captive 

elephants are in India, Myanmar and Thailand (Asian Elephant Specialist Group, 2017). 

Demand for working animals has decreased with the introduction of mechanisation as well as 

bans on logging in many countries within the range states (Fernando and Pastorini, 2011; 

Lainé, 2018; Riddle and Christopher, 2011). Captive elephant populations play an essential 

role in creating awareness and conservation of the species (Riddle et al., 2003). Attitudes 

towards elephants among people may vary significantly based on religious and cultural 

backgrounds and also depending on whether negative or positive interactions occur between 

humans and wild elephants (Bandara and Tisdell, 2004; Gogoi, 2018). The greater focus on 

development to improve human lives today are increasingly threatening the survival of 

elephants.  
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1.3. Threats for conservation of Asian elephants 

The Asian elephant is listed as Endangered by the IUCN Red List of Threatened 

species (Williams et al., 2020) and in Appendix 1 of Convention on the International Trade in 

Endangered Species (CITES) prohibiting or regulating international trade of elephants or 

elephant parts. The Sumatran subspecies is further listed as Critically Endangered due to the 

small and fragmented nature of its remaining forests being unable to sustain a viable 

population (Gopala et al., 2011). Despite legislation imposed internationally and within range 

countries for the protection of elephants, serious threats to their conservation continue.  

1.3.1. Habitat loss and fragmentation 

Many of the elephant range countries are developing nations with dense human 

populations (The World Bank, 2022) focussed on largescale development projects, 

converting elephant habitats to permanent human settlements, commercial areas and 

agricultural lands (Fernando et al., 2015; Othman et al., 2019; Padalia et al., 2019; Wadey et 

al., 2018). The resulting loss and fragmentation of elephant habitats lead to disruption of 

landscape connectivity and obstruction to traditional travel and migration routes, isolating 

elephant populations and reducing access to essential needs such as water sources (Fernando, 

2015; Shaffer et al., 2019; Sukumar, 2006). The range of elephants has been significantly 

reduced over the past few decades (de Silva et al., 2023; Luo et al., 2022; Sukumar, 2003), 

with the worst case probably being experienced in Sumatra and Borneo (Gopala et al., 2011; 

Luo et al., 2022). Only 51% of the range of elephants remain unfragmented, while only ~8% 

is protected (Leimgruber et al., 2003). Some elephant populations are very small or declining 

at a high rate in some range countries (Fernando and Pastorini, 2011; Menon and Tiwari, 

2019), and the local overabundance of elephants in some other areas could be due to 

crowding in the remaining habitats (Banks et al., 2007; Riddle et al., 2010).  

1.3.2. Hunting and capture for domestication 

Legal and illegal live capture and illicit trade of elephants to supplement the captive 

elephant populations are recorded in several nations, contributing to the continued decline of 

elephant numbers in the wild (Baskaran et al., 2011; Hankinson et al., 2020; Jayantha, 2011; 

Nijman, 2014; Prakash et al., 2020a). This could affect the conservation of wild elephants, 

especially in countries such as Myanmar, where large captive populations cannot be 

sustainably maintained by wild captures in the long term (Caughley, 1995; Leimgruber et al., 
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2008; Songer et al., 2016). Corruption within government authorities has also been noted as a 

serious issue that poses difficulties in controlling illegal capture and trade of wild elephants 

(Milman, 2013; Prakash et al., 2020a). Hunting elephants for ivory, meat, hair, tail, bones and 

skin also poses a significant threat to elephants (Khounboline, 2007; Nijman and Shepherd, 

2014; Perera, 2009; Sampson et al., 2018; Santiapillai et al., 1999; Shepherd and Nijman, 

2008). Selective hunting or capture of ‘tuskers’ (tusked males) could be reflected by the high 

proportion of tusk-less males in wild populations (Sukumar, 1989). Only male Asian 

elephants have tusks (Evans, 1910) and in the past the proportion of tuskers in a population 

was typically >90% (Kurt et al., 1995). Now, the proportion of tuskers is very low, 

particularly in north-eastern India, Myanmar and Sri Lanka (Fernando, 2000; Kurt et al., 

1995; Sukumar, 2003). The selective poaching of tuskers has also led to skewed sex ratios in 

Southern India and such population changes may result in inbreeding due to low genetic 

diversity (Ramakrishnan et al., 1998; Sukumar, 2003). A rise in demand for other elephant 

body parts now results in the poaching of elephants irrespective of their gender or presence of 

tusks (Elephant Family, 2018; Sampson et al., 2018). 

1.3.3. Human-elephant conflict (HEC) 

HEC is a consequence of unplanned or poorly planned development amongst elephant 

habitats, to accommodate the needs of the rising human population, with no consideration for 

elephants’ behavioural ecology (Fernando et al., 2008a; Fernando and Pastorini, 2011; 

Nelson et al., 2003; Perera, 2009; Sukumar, 2006). Large proportions of elephants inhabit 

fragmented and human-modified landscapes, and negative interactions between humans and 

elephants are somewhat unavoidable (Fernando et al., 2021; Liu et al., 2017; Madhusudan et 

al., 2015; Othman et al., 2019; Padalia et al., 2019). Many elephant and human lives are lost 

annually as a consequence of HEC (Acharya et al., 2016; Ganesh, 2019; Prakash et al., 

2020b), and people also experience large scale crop and property damage (Nair and Jayson, 

2021; Saif et al., 2020). Most current HEC mitigation approaches have many drawbacks and 

have been ineffective in sustainably resolving HEC (Cabral de Mel et al., 2022; Shaffer et al., 

2019). This situation also compels people to retaliate against elephants to protect their lives 

and livelihoods (LaDue et al., 2021; Qomariah et al., 2018). Elephants’ motives for venturing 

into agricultural fields and other human-dominated landscapes may be because selectively 

bred cultivated crops are more palatable and attractive, regardless of the availability of other 

food (Sukumar, 1989). It may also be because these areas overlap with traditional dispersal 

pathways or lie between fragmented, important habitats that fulfill their nutritional and 
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reproductive needs (Mumby and Plotnik, 2018). Thus, conservation biologists need to 

explore more effective methods to resolve HEC by taking into consideration the elephants’ 

needs and perspectives. More details on HEC and its mitigation are discussed in Chapters 2 

and 3 of this thesis. 

1.4. Aversive geofencing devices (AGDs) as a potential HEC mitigation tool 

HEC is a very complicated and severe issue in most parts of the elephant range. 

Despite the many efforts by governments, researchers and conservation organisations, HEC 

has escalated, and elephant conservation has become extremely challenging. Most current 

HEC mitigation tools lack the flexibility to accommodate the needs of elephants and have 

been unsuccessful in providing long-lasting solutions for HEC (Mumby and Plotnik, 2018; 

Shaffer et al., 2019). Finding innovative HEC mitigation tools that can overcome the 

weaknesses of existing methods remain a key research and management priority. AGDs, or 

animal-borne satellite-linked electric shock collars have been suggested as a potential tool to 

prevent conflicts with problem elephants (Fernando, 2011) and may address many of the 

drawbacks of existing methods (See Chapter 2; Cabral de Mel et al., 2022). AGDs are 

commercially used on livestock species as a grazing management tool to restrict animal 

movement within virtual boundaries (Goliński et al., 2023). AGDs can automatically deliver 

an audio warning followed by an electric shock when an animal reaches a virtual boundary. 

AGDs have been successful in conditioning cattle Bos taurus and sheep Ovis aries to avoid 

the electric shock by associating it with the prior audio warning and thereby preventing 

animals from crossing virtual fences (Boyd et al., 2022; Campbell et al., 2018; Marini et al., 

2018). There is potential for AGDs to successfully condition intelligent wild animals like 

elephants in a similar way and prevent them from entering human-dominated areas and direct 

them towards alternative habitats or travel routes, thereby reducing the chances of HEC 

incidents. For these reasons, AGDs are a tool worthy of exploring for managing elephant 

movements.  

1.5. Objectives and methodological overview  

The overall aim of this study was to explore the potential of AGDs as an effective and 

acceptable tool to mitigate HEC. Firstly, it was important to identify and understand the 

weaknesses of existing HEC mitigation methods to ensure that those issues were addressed 

and overcome by AGDs to the best extent possible. It was also important to review previous 

work done with AGDs to determine how and what needs to be done to develop this idea in a 
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plausible way, for elephants. AGDs have never been tried on such a large wild animal before. 

Therefore, it was necessary to develop some basic understanding of the efficacy and welfare 

impacts of using AGDs in managing elephant movement by conducting preliminary research 

or pilot studies in controlled settings. For this, preliminary experiments needed to be 

conducted in a managed environment with captive elephants so that the elephants’ 

behavioural and physiological responses to AGDs could be closely monitored (Lee and 

Campbell, 2021). Considering the perceptions of stakeholders is also very important when 

planning and implementing HEC mitigation programmes (Reed, 2008). So, it was also 

required to know how different stakeholders perceived the causes and solutions to HEC and 

the potential use of AGDs on wild elephants. Knowledge on the effectiveness and welfare 

impact of using AGDs on elephants and stakeholder opinions on HEC and AGDs will help to 

understand the potential of AGDs to mitigate HEC and to identify and prioritise areas for 

further research. Thus, the overall aim of this study was achieved via five specific objectives 

as follows: 

1. Review the literature to identify drawbacks of current HEC mitigation approaches and 

the potential use of AGDs to mitigate HEC (Chapter 2). 

A comprehensive review of literature was required to synthesise an understanding of 

the reasons for current HEC mitigation approaches to have failed in resolving HEC. Similar 

reviews have been performed in the past under various themes of HEC mitigation (Denninger 

Snyder and Rentsch, 2020; Goswami and Vasudev, 2017; Montgomery et al., 2022; Mumby 

and Plotnik, 2018; Shaffer et al., 2019). However, our review aimed to identify and discuss 

key problems in current HEC mitigation tools and to recognise characteristics of an ideal 

HEC mitigation tool to explore the possibility of how AGDs may achieve them. By 

reviewing the studies conducted on other species using AGDs, this review also provides an 

overview of how AGD development for elephants may progress and identify future areas for 

research in this regard.  

2. Assess stakeholders' perception towards causes and solutions to HEC (Chapter 3).  

When planning HEC mitigation programmes, stakeholder support and involvement is 

critical. Often, the lack of consensus between different stakeholders, particularly the experts 

and people affected by HWC, creates obstacles for successful introduction and 

implementation of conservation and management strategies (Kendal and Ford, 2018; Redpath 

et al., 2013). Therefore, in Chapter 3 we assessed how opinions of different stakeholder 
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groups towards the causes of HEC, the importance, conservation and co-existence with Asian 

elephants, and the acceptability and effectiveness of potential HEC mitigation tools varied. 

This chapter identifies many important areas that stakeholders agree and disagree and areas 

that need special attention to improve the conservation and management of elephants. This 

chapter also shows how critical it is to explore additional methods to mitigate HEC. Although 

the focus of this chapter is not directly related to AGDs, the results of this survey are critical 

to successfully planning HEC mitigation programmes that implement AGDs in the future.  

3. Evaluate the potential of managing captive elephant movement using AGDs (Chapter 4). 

How elephants would respond to an electric shock from AGDs is unknown. Through 

preliminary or pilot experiments with captive Asian elephants in Sri Lanka this chapter 

evaluates the optimum strength of the electric shock required and the ideal location on the 

neck of the elephant for the shock to be delivered so that elephants would show the desired 

behavioural responses. This study also demonstrates the ability to condition elephants to 

avoid receiving an electric shock with an audio warning and prevent them reaching a food 

reward.  

4. Evaluate animal welfare impacts associated with electric shocks from an AGD (Chapter 

5). 

If AGDs are to be implemented on wild elephants, such a tool must ensure that the 

animal’s welfare is not unduly impacted when using them. Previous studies conducted to 

assess welfare impact of electric shock on dogs and livestock species have demonstrated 

negligible chronic effects of using them on the welfare of study animals (Campbell et al., 

2019b, 2017; Kearton et al., 2020, 2019; Schalke et al., 2007; Steiss et al., 2007). Similar 

evidence will be important to gain the support of stakeholders to adopt AGDs as an HEC 

mitigation tool. Therefore, this chapter evaluates the behavioural and physiological stress 

responses shown by the captive elephants that participated in the experiments described in 

Chapter 4, on experiment days compared to pre-experiment days (baseline levels). 

5. Assess attitudes towards using AGDs as a potential HEC mitigation tool (Chapter 6) 

Successful adoption of a novel wildlife management approach depends on 

stakeholders perceiving it as a favourable and an effective approach (Denninger Snyder and 

Rentsch, 2020; Noga et al., 2015). Managing animals using electric shock collars has always 

been criticised (Blackwell et al., 2012; Masson et al., 2018b, 2018a), so this study gathered 
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opinions of different stakeholder groups on the acceptability and effectiveness of AGDs to 

mitigate HEC. This chapter also discusses reasons for unacceptability and potential 

challenges for implementing AGDs based on respondents’ feedback. This chapter helps 

identify areas that should be given attention when developing AGDs and to gain social 

acceptability so that AGDs can be successfully adopted as an effective HEC mitigation tool 

in the future. 
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CHAPTER 2: LITERATURE REVIEW – PAPER 1 – 

CURRENT AND FUTURE APPROACHES TO MITIGATE 

CONFLICT BETWEEN HUMANS AND ASIAN ELEPHANTS: 

THE POTENTIAL USE OF AVERSIVE GEOFENCING 

DEVICES 

 

2.1. Introduction 

This chapter is a review article published in Animals journal titled “Current and future 

approaches to mitigate conflict between humans and Asian elephants: The potential use of 

aversive geofencing devices”. This review paper provides an overview of HEC in Asia and 

briefly discusses the functions and drawbacks of current HEC mitigation approaches, 

highlighting the need for additional innovative and more effective approaches to be 

investigated. It then introduces AGDs as a potential tool to mitigate HEC. By reviewing 

findings on AGDs from studies conducted with livestock species and other wild animals this 

chapter identifies potential challenges that could be faced when developing and implementing 

AGDs for elephants. It then shows how AGDs are intended to be used on wild elephants to 

avoid human-modified landscapes and reduce incidence of HEC. Finally, it provides 

recommendations on how to progress with the development of AGDs as a potential HEC 

mitigation tool, highlighting the research areas undertaken in the experimental chapters of 

this thesis, thereby setting the foundation for the rest of the thesis.  
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Simple Summary: Conflict between humans and Asian elephants is a major conservation issue.
Here we discuss common tools used to manage human-elephant conflict (HEC) in Asia and the
potential of animal-borne satellite-linked shock collars or Aversive Geofencing Devices (AGDs) for
managing problem elephants. Most current HEC mitigation tools lack the ability to be modified to
accommodate needs of elephants and therefore are sometimes unsuccessful. AGDs currently used to
manage livestock movement can be adapted to mitigate HEC to overcome this problem. AGDs can
constantly monitor animal movements and be programmed to deliver sound warnings followed by
electric shock whenever animals attempt to move across virtual boundaries demarcated by managers.
Elephants fitted with AGDs are expected to learn to avoid the electric shock by associating it with
the warning sound and move away from specified areas. Based on the potential shown by studies
conducted using AGDs on other wild species, we suggest that experiments should be conducted
with captive elephants to determine the efficacy and welfare impact of AGDs on elephants. Further,
assessing public opinion on using AGDs on elephants will also be important. If elephants can learn
to avoid virtual boundaries set by AGDs, it could help to significantly reduce HEC incidents.

Abstract: Asian elephants are a principal cause of human-wildlife conflict. This results in the
death/injury of elephants and humans and large-scale crop and property damage. Most current
human-elephant conflict (HEC) mitigation tools lack the flexibility to accommodate the ecological
needs of elephants and are ineffective at reducing HEC in the long-term. Here we review common
HEC mitigation tools used in Asia and the potential of Aversive Geofencing Devices (AGDs) to
manage problem elephants. AGDs can be configured to monitor animal movements in real-time and
deliver auditory warnings followed by electric stimuli whenever animals attempt to move across
user-specified virtual boundaries. Thus, AGDs are expected to condition elephants to avoid receiving
shocks and keep them away from virtually fenced areas, while providing alternative routes that can
be modified if required. Studies conducted using AGDs with other species provide an overview of
their potential in conditioning wild animals. We recommend that the efficacy and welfare impact of
AGDs be evaluated using captive elephants along with public perception of using AGDs on elephants
as a means of addressing the inherent deficiencies of common HEC mitigation tools. If elephants
could be successfully conditioned to avoid virtual fences, then AGDs could resolve many HEC
incidents throughout Asia.
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wildlife management

1. Introduction

Asian elephants Elephas maximus (Linnaeus 1758) once inhabited areas between the
Euphrates and Tigris Rivers in west Asia to the Yangtze-Kiang River in China [1], but
now inhabit a much smaller range within 13 countries: Bangladesh, Bhutan, Cambodia,
China, India, Indonesia, Laos, Myanmar, Nepal, Sri Lanka, Thailand and Vietnam [2]. The
total global population is estimated to be about 48,323 to 51,680 individuals, of which
almost 75% of the population is found in India and Sri Lanka [3]. There is also a captive
Asian elephant population of approximately 14,930 to 15,130 in range countries [3] and
another ~1000 maintained in zoos outside range countries [4]. Asian elephants (here-
after elephants) are worshiped as a god in Hinduism and have an important role in Bud-
dhism, two of the main religions in the region [5–7]. Ancient kings maintained thousands
of elephants as work animals and warriors; they also traded and gifted them between
countries [1,6,8–10]. In contemporary societies, captive elephants are commonly kept in
temples and are used in ceremonial and religious rituals; they are also used in the logging
and tourism industries [11–13]. Thus, elephants have played an important role in Asian
cultural heritage since ancient times.

Despite the elephant conservation legislation imposed, various anthropogenic activ-
ities have continued to threaten the survival of elephants. Legal and illegal capture and
illicit trade of elephants to supplement captive populations occur in several nations, which
contributes to the decline of elephant numbers in the wild [14–16]. Hunting elephants for
ivory, meat, hair, tail, bones and skin further poses a major threat [17–19]. Thus, elephants
are listed in Appendix 1 of the Convention on the International Trade in Endangered
Species (CITES), prohibiting international trade of elephants and elephant parts. Ele-
phants are also listed as Endangered on the International Union for Conservation of Nature
(IUCN) Red List of Threatened species [20] given elephant distribution has fragmented
and declined considerably over the past few decades [21–25]. Many Asian countries with
extant elephant populations also have high human population densities and developing
economies [26]. These countries focus on large-scale and rapid industrial development
and expansion projects which inevitably convert areas of wilderness to permanent human
settlements, commercial zones and agricultural lands [27–31]. The resulting fragmented
and heterogenous landscapes thus increases the frequency of interactions between humans
and elephants [32,33], which is the root cause of human-elephant conflict (HEC).

Many elephant and human lives are lost as a consequence of HEC with highest num-
bers recorded in India and Sri Lanka, where an average of 124 elephants and 571 humans
in India [34] and 263 elephants and 81 humans in Sri Lanka [35] are killed annually. HEC
related elephant deaths result from gunshot injuries, poisoning, electrocution from illegal
electric fences, accidents such as falling into agricultural wells or abandoned gem pits, and
collision with trains [29,36,37]. Exposure to human disturbances increases stress levels of
elephants which effects their reproductive success [38]. Many infant elephants are orphaned
as a result of HEC as well [29]. Injury and death of humans often occur during chance
encounters, particularly at night when humans confront and seek to deter crop-raiding
elephants and those that damage houses to feed on stored grains [39,40], when people
step out at dawn for toileting [41], enter forests to extract resources [42], or due to irre-
sponsible behaviour [35]. Crop raiding is the main source of conflict between humans and
elephants [6,43] as elephants raid many different cultivated crops such as rice, corn, millet,
maize, sugar cane, vegetables, fruits and even coconut palms [40,44–47]. Affected people
experience substantial economic losses and governments spend large sums of money in
compensation payments for elephant impacts [48–50]. Apart from loss of lives, crops and
property, there are also social and psychological effects which are often not accounted for
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when assessing HEC impacts [51,52]. Thus, mitigating HEC remains a key challenge for
many of the elephant range countries.

Various tools and strategies are used to mitigate HEC and keep damage-causing ele-
phants away from crops and other human-dominated areas [39,53]. The occurrence and
frequency of HEC has increased despite mitigation efforts by governments and conserva-
tion organisations [35,54,55] due to various weaknesses in the HEC mitigation methods
presently used. Current methods are mainly focussed on managing the symptoms of the
conflict, but successful mitigation of HEC requires a greater focus on the root causes [56].
Elephants occupy large home ranges and travel long distances, depending on resource
availability and reproductive status [32,57,58]. For example, elephants have larger home
ranges in fragmented landscapes compared to non-fragmented habitats as elephants travel
more in search of food and water due to their limited availability [32]. Further, during the
musth period, male elephants cover much wider ranges in search of mates compared to
the non-musth period [57]. Therefore, maintaining habitat connectivity is vital for HEC
mitigation and elephant conservation [59]. For this, understanding and accommodating
human and elephant behaviour to prevent HEC from occurring is extremely important [60].
Developing innovative tools and strategies that can reliably keep problem-causing ele-
phants away from humans and crops, are dynamic and flexible enough to be modified
according to elephant and human needs, and pose minimum welfare impacts to elephants
are sorely needed.

Satellite-linked electric shock collars or Aversive Geofencing Devices (AGDs) can auto-
matically deliver a warning sound followed by an electric shock as an animal reaches a vir-
tual boundary, and have been successfully used in managing livestock movement [61–63].
The earliest reference of using AGDs on a wild species is for coyotes Canis latrans, in
1976 where three out of the four shock-collared animals learnt to avoid black domestic
rabbits and prey on white rabbits after 3–5 shocks [64]. AGDs appear to have the potential
as an HEC mitigation tool where wildlife authorities could fit them on identified “prob-
lem” elephants [65], and create and modify virtual fences based on human and elephants’
needs. If virtual fences can be created appropriately for high HEC areas and problem
elephants can successfully learn to avoid them, then AGDs may become a very powerful
HEC mitigation tool.

Here we briefly review the use of common approaches to manage conflict between
humans and elephants across Asia, highlighting their function and drawbacks. We then
discuss the potential use of AGDs as a means to address these drawbacks and sustainably
mitigate HEC. We further describe important research needs that require addressing to
advance the use of AGDs on elephants. Our aim is to highlight the similarities and
differences between AGDs and other HEC mitigation tools and outline a pathway forward
for the trial and development of AGDs on elephants.

2. HEC Mitigation Tools

A wide array of tools are used in Asia to mitigate HEC and several reviews have
been published in the recent past on various aspects of HEC mitigation [56,59,60,66,67].
These have highlighted some progress, but have also highlighted a series of weaknesses in
current approaches, which we discuss under five categories: (1) exclusion (2) removal of
problem elephants, (3) early warning systems, (4) human centric methods and (5) habitat
management, summarised in Table 1.
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Table 1. Summary of common human-elephant conflict (HEC) mitigation tools.

HEC Mitigation Tool Function Drawbacks and Non-Targeted Effects

1. Exclusion

Physical fences

i. Electric fences [68,69]
ii. Non-electric fences e.g., trenches,

rock walls and ditches [45,70,71]

• Constructed to delineate a defined
geographical area where managers
can separate animals from people

• Can be effective where proper
monitoring and sufficient funding
for fence maintenance is available
[72]

• In contrast to attempts at restricting
elephants to small and permanently
fenced areas, placing permanent
electric fences around villages and
temporary electric fences around
agricultural lands, managed by local
communities have been proven
more effective [73,74]

• Expensive to build and their
location cannot be easily moved
once constructed [75,76]

• Restrict access to critical food or
habitat resources, disrupt
movement and dispersal, and lead
to isolation and fragmentation of
populations for both elephants and
non-target species [77–79]

• Problem may be solved locally but
can be moved to another place [80]

• Elephants also learn to break electric
fences [68,75]

• Trenches can be filled due to erosion
and elephants kicking-in the sides
[18,81]

Bio fences

iii. Live fences- planting thorny plants
like Agave, cacti, cane/rattan etc.
[39,82]

• Creating buffer zones using thorny
plants that inflict mild pain and
lacerations if ignored, surrounding
commercial crop plants and home
gardens to keep elephants away

• Applicable only in very small scale
[39]

• Require regular monitoring and
maintenance [82]

• Thick-skinned elephants can push
aside thorny shrubs or move
through gaps created during
planting [39,75]

iv. Planting non-preferred crops e.g.,
chilli, citrus, bitter gourd, okra, tea,
coffee, aromatic medicinal plants
etc. [18,82–85]

• Planting non-preferred crops as a
buffer zone or substituting
attractive commercial crops with
less attractive crops to keep
elephants away

• May also provide an additional
income to farmers

• Some non-preferred plants (e.g.,
chilli and oranges) are known to be
consumed by elephants at times [75]

• May not have a good market value
and even if not consumed, damage
may be caused by trampling them
[39]

v. Beehive fences [71,86,87]

• Beehive boxes fixed with ropes to
fences are intended to repel
elephants from crop fields as they
fear the sting of the honeybee

• Bees’ honey may also provide an
additional income to farmers

• Using Asian honeybees Apis cerana
indica may be ineffective for Asian
elephants because Asian honeybees
are not very aggressive or because
they are active during daytime
while elephants raid crops during
the night [86]

• Bees may move away from boxes
due to disturbance from humans,
ants, or other animals [71]
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Table 1. Cont.

HEC Mitigation Tool Function Drawbacks and Non-Targeted Effects

Other sensory deterrents

vi. Olfactory stimuli e.g., smoke and
chilli bombs, chilli-grease fences
[71,76,88–90]

vii. Visual stimuli e.g., bonfires, flaming
torches, lighting lamps, flashlights,
light shining on compact disks
hung on a string [45,89,91]

viii. Acoustic stimuli e.g., shouting, fire
crackers, carbide cannons, thunder
flashes, drum beating, metal
clanging, shot guns and playback
calls [45,76,92,93]

• Used as deterrents to chase or keep
elephants away from human
habitats and agricultural lands

• May be effective if used
alternatively to avoid habituation

• Cost effectiveness of chilli-grease
fences in reducing crop raiding is
uncertain because it is labour
intensive to maintain as it require
frequent reapplication and washes
off during rain [71,75,76,90]

• Chilli bombs may have limited
usage as wind direction cannot be
controlled [39,71,89]

• Elephants have suffered burn
injuries due to flame torches being
thrown at them, heightening risk of
mortality [94,95]

• Elephants habituate to these
methods and sometimes even act
aggressively in response to them
[73,89,94]

• Targets only small, localised areas
(e.g., small village, paddy field etc.)

ix. Elephant drives [18,27,96,97]

• Elephants are pushed out of human
habitats and into protected areas
using people, vehicles, aircrafts, or
trained elephants

• Large-scale elephant drives are very
costly, time consuming, require
considerable human resources and
mainly drive away family herds but
not the problem-causing lone male
elephants [27,39]

• Poses a risk to the people involved
in moving elephants

• Driven elephants become
concentrated into small areas with
insufficient resources and then
suffer starvation or escape or leave
these areas, repeating the cycle of
HEC [27]

• Causes severe stress to elephants
[98]
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Table 1. Cont.

HEC Mitigation Tool Function Drawbacks and Non-Targeted Effects

2. Removal of individual problem elephants

i. Translocation

• Targeted problem elephants are
tranquilised and transported away
from their capture site to protected
areas [99–101], wild elephant
holding grounds [102] or
alternatively captured and tamed
[103,104]

• Expensive operation [35,73,105]
regardless of whether translocated
to other wilderness areas or into
captivity

• Translocated elephants typically do
not stay in the areas where they are
released, but instead return to their
place of capture or disperse and
settle in new areas and create new
conflicts merely shifting the conflict
from one place to another
[2,100,101,106]

• Elephant holding grounds are
expensive to build and maintain,
hormonal and reproductive control
is required, and the facilities can
only house a relatively small
number of animals which may
quickly reach capacity [107,108]

• Difficulty in the taming process of
wild and mature elephants which
may also result in injury, trauma
and subsequent death of the animal
[108,109]

• Increasing cost of maintenance of
the high number of captured
problem elephants in captivity [110]

ii. Killing of problem elephants

• Identified problem individuals
known to cause frequent HEC
incidents may be killed, aiming to
eliminate the problem from the area
[75]

• Degrade the genetic diversity of a
population and impractical
depending on the scale of HEC [108]

• Using lethal methods to resolve
HEC is controversial and considered
ethically unacceptable in most
contexts [108,111]

3. Early warning systems

i. Traditional early warning systems
e.g., watch huts and iron watch
towers [76,82,112,113]

• Places from where people can
monitor elephants and alert farmers
and villages to scare and chase
elephants away and prevent crop
damage

• Labour intensive
• Loss of sleep at night may affect

personal health and social wellbeing
of farmers [52,114]
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Table 1. Cont.

HEC Mitigation Tool Function Drawbacks and Non-Targeted Effects

ii. Modern remote sensing methods
e.g., Global Positioning System
(GPS) collars [115], infrasonic call
detectors [116], geophones [117]
trip wire systems [71], drones and
infrared triggered cameras [118]

• Monitoring elephant movement
remotely using emerging
technologies to warn authorities
and villagers via automatically
triggered sirens or phone messages
when elephants are in close
proximity to human habitats to
prevent accidental encounters with
elephants.

• Limited battery life of GPS collars,
high risk and cost of collaring
process [119]

• Risk of damage to devices by
elephants and people [71]

• Development and installation of
technology requiring large amount
of financial resources [118]

• Requires uninterrupted satellite and
mobile network communication in
remote and heterogenous
landscapes for real-time monitoring
of elephants

4. Human centric methods

i. Providing financial relief e.g.,
compensation and insurance
schemes [48–50,120]

• Financial support as compensation
or through insurance schemes to
provide immediate relief from
elephant impacts [121]

• Impact assessments are subjective
and difficult [122]

• Process of reporting incidents and
claiming compensation may be
complicated and time consuming
[50,120,122,123]

• Amount of funds available are
inadequate, are subject to fraudulent
claims and corruption [39,123,124]

• Depending on the extent of HEC,
assessment of damage could be
quite labour intensive [122]

ii. Creating awareness and capacity
building [29,118,125–127]

• Educating local people about the
importance of elephants, and how
to prevent or reduce encounters
with elephants or protect
themselves to improve people’s
perception towards elephants

• Training stakeholders especially
wildlife officers and local
communities to handle HEC
situations and empowering local
communities by providing resources
for alternative income generation to
help change people’s attitudes

• Requires post-monitoring to ensure
that human attitudes, behaviours
and practices have actually changed
given that information can easily be
misinterpreted or ignored [128]

5. Habitat management

i. Improving connectivity between
habitats [129,130]

• Creating or securing forested paths
between elephant habitats with
minimum human interference to
reduce HEC incidents [110]

• Need for legal protection to ensure
these corridors are secured and
regular monitoring of corridors
[129]

• Financial commitment for
monitoring and maintenance of
these corridors [130]
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Table 1. Cont.

HEC Mitigation Tool Function Drawbacks and Non-Targeted Effects

ii. Improving habitat quality inside
protected areas [55,82,131,132]

• Increasing carrying capacity inside
protected areas by creating and
maintaining salt licks, managing
water sources, planting fodder
species, maintaining grassland areas
and removing invasive species etc.
to attract elephants, thereby
managing their distribution

• Increased densities of elephants
resulting from improved habitat
quality may not be sustainable due
to overutilisation [133]

• Selectively bred cultivated crops are
also known to be more palatable
and attractive for elephants
regardless of the availability of other
food [134]

• Require regular monitoring and
maintenance of salt licks and water
holes as well as plants until they are
established [81]

Exclusion of elephants from conflict areas or restricting elephants to protected areas
aims to keep elephants away from humans and their interests and is ostensibly intended to
avoid the need for the direct killing of elephants in accordance with cultural and societal
expectations. Exclusion is often achieved by aversive conditioning where animals learn
to associate a particular behaviour with an unpleasant stimuli, and hence cease or modify
that behaviour [135–137]. A multitude of aversive stimuli are used against elephants which
they learn to avoid by associating it with a warning stimulus (Table 2). However, large
elephant populations live outside protected areas and boundaries created by humans do
not always align with the ecological boundaries that elephants adhere to [22,118,138,139].
Thus, excluding animals from human habitats will not successfully mitigate HEC unless
alternative routes and habitats are provided.

Table 2. Aversive conditioning tools used in attempts to mitigate conflict between humans and Asian
elephants.

Tool Warning Signal Aversive Stimuli

Electric fences Visual Electric shock, mild pain
Trenches, canals, ditches etc. Visual Injury and immobility

Thorny plants Visual Mild pain, pricks, lacerations
Non-preferred crops Visual and olfactory Unpleasant taste

Bee fences Auditory visual and olfactory Painful bee sting

Smoke, chilli bombs Visual and olfactory Uncomfortable olfactory
stimulus

Bonfires, flashlights, flaming
torches etc. Visual Uncomfortable visual

stimulus
Shouting, thunder flashes,

firecrackers, carbide cannons,
playback of calls (e.g.,
carnivore growls) etc.

Auditory Fear- inducing uncomfortable
auditory stimulus

As an alternative to excluding elephants from human habitats, identified problem
elephants may be physically removed from a population by either killing or translocating
them. Large-scale culling of elephants is no longer sanctioned in Asian elephant range
countries [75], but massive culling and translocation operations conducted in Africa re-
vealed long term social disruption in the remaining younger elephants who experienced the
traumatic event [140]. One reason for large-scale culling of elephants in Africa is to manage
large elephant populations that have exceeded carrying capacities [133] because it would
otherwise cause irreversible damage to vegetation due to overutilisation by elephants,
affecting the food availability for other species [141]. However, such vegetation transforma-
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tion has not been observed by Asian elephants [6]. Removal of elephants may negatively
affect the stability of the source population [78] and removed elephants may be replaced
by other elephants which continue the conflict [18]. Translocation of elephants may be
recommended as a last resort to save individuals or very small groups isolated from other
elephant populations [78]. The removal of elephants by either killing or translocation also
addresses only the symptom of HEC and is typically considered unfeasible and ethically
unacceptable.

Various types of early warning systems are sometimes implemented to mitigate
HEC, ranging from vigilance by farmers occupying traditional watchtowers to monitoring
elephants using various remote sensing technologies (Table 1). The use of more modern and
emerging technologies, are gaining a lot of interest and if financial and technological barriers
can be overcome, they would immensely help in avoiding encounters with elephants [118].
However, early warning systems would still require humans to respond and chase the
elephants away unless they are coupled with an aversive stimulus of some kind. A better
tool would be an early warning system that would automate an effective aversive response
without any human interaction with elephants.

Human centric methods are focused on encouraging human-elephant co-existence
and developing tolerance towards elephants by providing financial relief or by educating
stakeholders. The knowledge gap about HEC and the endangered status of elephants
may intensify the conflict [142]. Even though financial relief has an immediate effect and
addresses only the symptom of the problem, along with creating awareness, it helps to gain
continuous support of stakeholders to mitigate HEC both in the short and the long term.

Habitat management through managing ecological corridors and enriching protected
areas expects to reduce human-elephant interactions by reducing the need for elephants to
venture into human-dominated habitats. Elephants are forest animals, but edge species,
preferring habitats with intermediate disturbance rather than undisturbed forests [143–146].
Elephants are often attracted to landscapes disturbed by humans, thereby increasing the
chances of HEC [31]. Alternatively, elephants may enter human-dominated landscapes sim-
ply because it is a connecting path leading to other resources such as water and mates [60].
Therefore, giving priority to proper land use planning and improving connectivity between
elephant habitats [59] will be more effective to assist dispersal of elephants with minimum
human encounters.

Overall, many of the current mitigation efforts either address the symptoms of HEC
or are not dynamic or flexible enough to be modified as needs change, and therefore are
successful only in the short term or are not sustainable [66]. Based on the functions and
drawbacks highlighted above, the following can be suggested as ideal characteristics or
objectives of tools that could successfully mitigate HEC:

1. Prevents HEC incidents before they occur
2. Keeps elephants in or out of designated areas
3. Targets specific individuals or small family groups
4. Does not require the death of the animal
5. Produces minimal harm to elephants
6. Does not harm or impede non-target species
7. Does not require the construction of permanent or immovable structures
8. Can be altered, moved, or removed as needed
9. Is long-lasting or sustainable
10. Is automated, or does not require substantial human input
11. Is inexpensive or cost-effective
12. Is culturally and socially acceptable

With current mitigation tools each having only some of these characteristics (Table 1),
developing new and innovative tools remains a key priority for management and research.
AGDs are one such potential tool and are essentially a combination of an exclusion method
using aversive conditioning stimuli and an early warning system where people can be
notified when elephants are nearby, addressing many of the above characteristics. AGDs
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have previously been suggested as a potential HEC mitigation method [108], but little
progress has been made since that time.

3. Animal-Borne Aversive Geofencing Devices (AGDs): A Potential Tool for Reducing
Conflict with Asian Elephants?
3.1. Use of AGDs on Domestic Animals

AGDs have been used on domestic pets (i.e., dogs) and livestock for many decades [147].
The first commercial AGD was patented in 1973 for dogs, where a hidden, signal-emitting
wire placed around a predetermined boundary triggered the animal-borne collar to deliver
an electric shock when the animal approached the wire [148]. In this way, dogs were
contained in a residential backyard without the need for a visible fence. These dog training
collars were modified and first used on livestock in 1987 when goats (Capra hircus) were
also successfully contained in a designated area without a visible fence [149]. Since then,
AGDs that are manually controlled or ones that use proximity based sensors have been
used on other livestock species like cattle Bos taurus [150,151] and sheep Ovis aries [152,153]
as well. Although generally considered effective, this approach still reflected the logistical
limitations of a physical electric fence, including an inability to modify virtually fenced
areas easily and establishing virtual fences in large landscapes.

Technical development of AGDs has evolved since then and modern AGDs are now
able to deliver stimuli automatically in conjunction with real-time GPS tracking, user alerts,
and data logging capabilities similar to most standard GPS tracking devices. They have
proven to successfully restrict livestock movement to large and dynamic user-specific
areas without proximity-based sensors [154], overcoming the limitations of earlier attempts.
Farmers can now define a virtually fenced area, upload these boundaries onto an animal-
borne device, deploy it on an animal, and then remotely monitor and control the movement
of that animal in real-time. Animals attempting to cross a virtual boundary are first given
an audible warning, which escalates if ignored, and then the ignored warnings are followed
with an electric shock if the virtual fence is breached, shepherding the animal back to the
safe zone if needed [62,63,155]. The locations of such virtual fences are temporally and
spatially flexible, and therefore allow managers to change or alter the location of safe zones
as needed. In other words, users can remotely move their animals from one location to
another or allow/deny animal access to one location or another without being present.
Experiments have shown that cattle and sheep learn to associate electric shock with the
warning sound emitted by the collar after just a few attempts [153,156]. Key findings
of some research conducted on virtual fencing with AGDs on livestock published from
2017–2022 (~last 5 years) are given in Appendix A (Table A1).

3.2. Use of AGDs on Wildlife

Even though responses of elephants to AGDs may vary from that of other animals,
reviewing what is known from studies on other wild species may provide some insight
into the potential and challenges that could be expected in conditioning elephants using
AGDs. Scientific material published in the past 30 years (between 1993–2022) in the English
language related to the use of AGDs on wild species were searched in Web of Science and
Google Scholar using the following search string: (“shock collar*” OR “electric collar*”
OR “training collar*” OR “electronic collar*” OR “e-collar*” OR “automated collar*” OR
“virtual fencing collar*”) AND (“wildlife management” OR “wildlife conservation” OR
“*wildlife conflict*” OR “predator management” OR “crop damage”). The initial search (last
performed on 16th August 2022) resulted in 127 records. The titles and abstracts of each
document was screened and eight empirical studies that involved direct experimentation
with animal-borne electric shock collars on a wild species were extracted. References
within articles were checked, and four articles missing from the initial list were added. The
resulting list of articles (n = 12) are summarised in Table 3.
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Table 3. Summary of studies conducted with wild species using Aversive Geofencing Devices (AGDs).

Study Species (Captive/Wild) No of Shock-Collared
Animals Aim Delivery of Stimuli Outcome

1. Andelt et al.
(1999) [157] Coyote (captive) 5 Prevent attacks on

livestock

Manual: Shock delivered as
the coyote actively pursued a

lamb and was about 2–5 m
from the lamb.

Shock collars were successful in preventing
attacks during all attempts (n = 13) by coyotes to
attack lambs. The probability of attacks on lambs
decreased and the coyotes avoided, retreated, and

even showed submissive behaviours towards
lambs. No attacks were attempted by coyotes

during the last four months of the study showing
sustained effects of aversive conditioning.

2. Appleby, (2015)
[158] Dingo (wild) 4 Mitigating

human-wildlife conflict Manual?

During a series of trials conducted with shock
collars, two dingoes responded to the shock by

immediately halting the problem behaviour. The
third animal became hesitant to approach a target
after receiving two shocks over a few days. The

fourth animal tested consistently fled after
receiving a shock no matter what target behaviour

was involved.

3. Cooper et al.
(2005) [159] Island fox (wild) ~68/year Prevent attacks on nests

of an endangered species

Automatic: An antenna
transmitting a signal,

activated the shock collars if
the animal approached
within ~1–2 m of the

transmitting antenna wire
placed around a nest tree.

Study showed that shock collars have the
potential to manage predators from approaching

nests. The nests protected by antennae
transmitting signals were more successful (64%)

than those that were not protected (31%).
However, high success rate of the protected nests

was also due to multiple aspects that were
involved during the study and not only due to fox

deterrence.

4. Gehring et al.
(2006) [160] Gray wolf (wild) 5

Area avoidance to
prevent livestock

depredation

Automatic: Collars activated
automatically when detected
30–70 m from the transmitter.

A 14-day shock period was successful in reducing
the frequency of approaches by wolves to baited
sites by 50%. The study was then successful in

preventing all pack members in five
shock-collared wolf packs to avoid shock sites for
more than 60 days after being exposed to shocks

over a 40-day period.
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Table 3. Cont.

Study Species (Captive/Wild) No of Shock-Collared
Animals Aim Delivery of Stimuli Outcome

5. Hawley et al.
(2009) [161] Gray wolf (wild) 5

Area avoidance to
prevent livestock

depredation

Automatic: Transmitters
maintaining a shock zone

with a 30 m radius, activated
collars when the animal
entered the shock zone.

Shock collared wolves spent less time and made
fewer visits to baited sites compared to control

animals during shocking period. But it is not clear
if wolves were successfully conditioned because
only a slight reduction in visitation was observed

during post-shocking period with the shock
collared wolves.

6. Hawley et al.
(2013) [162] Gray wolf (captive) 16 * Improve shock collar

design
Manual: Activation using a

hand-held device.

This study tested and improved shock collar
designs for safety and efficacy to eliminate neck

damage and was able to extend the battery life of
the collar up to 80 days while effectively

delivering a shock.

7. Nolte et al.
(2003) [163]

Black-tailed deer
(captive) 6

Area avoidance to reduce
food competition with

livestock

Automatic: A sound followed
by an electric shock was

emitted from the collar when
the animal approached a plot

with a signal emitting wire
buried beneath the ground

around its perimeter.

Deer successfully learnt to avoid areas associated
with the shock. However, avoidance of previously

shocked areas (plots) stopped sometime after
shock collars were deactivated.

8. Rossler et al.
(2012) [164] Gray wolf (wild) 10

Area avoidance to
prevent livestock

depredation

Automatic: Collars activated
when wolves were within a
70 m radius around the bait

site.

Visitation and time spent in shock zones by
shock-collared wolves were less compared to

control wolves during the 40-day shock period
and the 40-day post-shock period. During this

study, shock collars were able to condition wolves
to avoid specific sites long after the shocking
period and reduce visitation by other pack

members not wearing shock collars indicating
social facilitation.



Animals 2022, 12, 2965 13 of 29

Table 3. Cont.

Study Species (Captive/Wild) No of Shock-Collared
Animals Aim Delivery of Stimuli Outcome

9. Schultz et al.
(2005) [165] Gray wolf (wild) 2

Area avoidance to
prevent livestock

depredation

Manual and automatic: Wolf
was shocked using a

hand-held unit every time her
location indicated travel
within 300 m of the cattle

pasture during a preliminary
study. A proximity-based
sensor was then used to

automatically emit a beep
and a shock when the animal

came within 400 m of the
device.

Preliminary study showed that manually
activated shock collar could keep a wolf away

from a farm; however, it did not have a long-term
effect on the wolf’s behaviour. A wolf that was
receiving a beep before the shock automatically

and had learnt to avoid the farm successfully, later
reacted to the sound warning alone and moved
about 800 m away from the beeper within 7 min
avoiding the shock. In contrast two other wolves
who were not wearing shock collars either did not

move at all or moved towards the target in
response to the beeper.

10. Shivik and
Martin, (2000)
[166]

Gray wolf (wild#) 3 Prevent attacks on
livestock

Automatic: Shock collar on
the wolf activated if it

approached within ~1 m of
the calf wearing an electronic

device emitting signals.

Electric shock repelled wolves from calves and
wolves did not attempt an attack after the first

conditioning experience. The study showed that
giving the shock at ~1 m helped wolves to
recognise their undesirable behaviour and

maintained distance from calves.

11. Shivik et al.
(2002) [167] Gray wolf (wild#) 5 Prevent attacks on

livestock

Automatic: Shock collar on
the wolf activated if it

approached within ~1 m of
the calf wearing an electronic

device emitting signals.

Unsuccessful in conditioning wolves not to attack
livestock due to various logistical and behavioural

reasons.

12. Shivik et al.
(2003) [168] Gray wolf (captive) 10?

Area avoidance to
prevent livestock

depredation

Automatic: Signal emitting
wires buried beneath the area
of the food source activated

the collar if a wolf
approached within 2 m of the

food source.

Study was not very successful in conditioning
captive wolves with training collars due to

logistical and behavioural variability.

* Four or six animals used in each of the five trials. Same animals may have been re-used in some trials. # Wild, but animals were temporarily held in captivity. ? indicates uncertainty.
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According to the search results, research using AGDs has been conducted with five
wild species: coyotes, grey wolves Canis lupus, dingoes Canis familiaris, island foxes Urocyon
littoralis and black-tailed deer Odocoileus hemionus. The total number of wild animal
studies conducted over the past 30 years are very few compared to the large number
of studies available on livestock (see Appendix A). Even though most studies (n = 9) used
an automatic shock delivery method, they all used proximity-based sensors, limiting the
area of shock collars’ use. While three studies showed longer-term effectiveness of shock
collars in conditioning animals after collars were deactivated [157,160,164], three other
studies showed that animals returned to showing their undesirable behaviour sometime
after the deactivation of shock collars [161,163,165]. Only two studies [163,165] used sound
as a warning stimulus before delivering a shock, and both these studies showed that it is
possible to condition animals to avoid shock using a sound warning. Effectiveness and
battery life of shock collars may also be augmented by coupling a warning (lights or sound)
before electric shock is delivered [163]. These studies also emphasized that use of AGDs is
a better alternative than lethal control.

Many drawbacks and limitations were highlighted in these studies such as skin necro-
sis due to electrodes, irritation due to the collar belt material [157,159,166,167], improper
fitting of collars or displacement of electrodes [161], limited battery life [157,161,162], the
need for automatic activation of the collar [157], limited range of shock collar activa-
tion [159], inconsistency in shocking devices [161], and the need to reduce the weight of
the shock unit [162]. Logistical difficulties of working with wild animals also affected
the success of studies [168]. Further, extensive effort and high cost of collaring wild ani-
mals [159,163] could limit the number of animals that can be targeted using this approach.
Variability in responses to stimuli by individual animals [168] that may also have occurred
due to inconsistent shock delivery [161] was emphasized. These studies were also affected
by low sample sizes and low number of trials, limiting the opportunity to test the devices
properly or condition the animals [167], resulting in inconclusive outcomes. The sample
size in most studies was less than 10 individuals with only a few exceptions [159,162].
Automatically activated AGDs that can be deployed over large heterogenous landscapes
have not yet been tested with wild species. Investigating and overcoming these drawbacks
will be essential before AGDs can be reliably implemented as an HEC mitigation tool.

3.3. AGDs as a Potential HEC Mitigation Tool

AGDs could help prevent HEC incidents before they arise if elephants learn to recog-
nise the warning stimuli and predict the receipt of the electric shock and avoid it by moving
away. This will minimise direct human interaction with elephants and prevent HEC inci-
dents. AGDs may therefore be a good alternative when it is impractical to permanently erect
electric fences in large areas [159] given their application does not require development
of permanent structures, allowing wildlife managers to easily create, move, modify, and
remove the virtual fences when needed. Elephants are highly intelligent and have superior
cognitive abilities [169,170], making them ideal candidates for aversive conditioning with
AGDs.

While the concept of testing AGDs on wild elephants to manage their movement may
be attractive, elephants may not respond to the electric stimuli the same way livestock
do and information available on other wild species may not be sufficient to foresee the
potential of AGDs as an HEC mitigation tool. Virtual fences will also have to be established
in much larger, heterogenous and complex landscapes than those that livestock are typically
managed in. Figure 1 shows a conceptual illustration of how AGDs are expected to work
to mitigate HEC. Conditioning elephants using AGDs is a complex process. Electric shocks
are received by the elephant in the first few instances, and the probability of the unwanted
behaviour (e.g., moving towards a village) is expected to decrease in the future as the
animal learns to avoid the electric shock [171]. However, if the unwanted behaviour would
be fully extinguished and whether elephants would move in the desired direction in the
absence of a visual stimulus or a physical barrier is unknown. Unlike other wild species
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tested so far, an agitated elephant moving towards a village or agricultural land could
create an unpredictable and potentially dangerous situation. AGDs should have a sense of
directionality which is achieved by applying the stimuli only when animals move towards
the exclusion zone rather than their location per se, so that they can learn the virtual fences
accurately [156]. This will allow the animal to predict and control the receipt of the aversive
stimuli while minimising the stress [172,173] and move in the desired direction. Planning,
designing and monitoring virtual fences should also be done carefully. Baseline studies
of land use and movement of both humans and elephants needs to be evaluated on a
case-by-case basis [60] and all stake holders such as authorities, researchers and villagers
should work together in planning and designing the location of virtual fences. These
virtual fences should then be continuously monitored and evaluated and be modified as
and when appropriate. Keeping elephants in or out of a designated area using AGDs
would be possible by designing virtual fences in such a way that a safe ‘escape route’ is
clear and available.

Fitting AGDs on wild elephants would also be a complex and costly process [119],
so AGDs cannot be deployed on all elephants. Since most crop raiding elephants are
lone males [43,174,175], installing AGDs on identified problem-causing lone elephants
and matriarchs of herds would be more appropriate. Social facilitation could be expected
to occur in group living, long lived animals like elephants where a matriarch collared
with an AGD may lead the rest of the herd to avoid the electric shock associated with the
virtual fence [147,176]. Learning to avoid virtual fences through social facilitation has been
shown to occur in cattle and sheep with only a proportion of the animal group collared
with AGDs [177,178]. The potential for wolves to learn through social facilitation was
also shown where the rest of the pack members not wearing shock collars learnt to avoid
a baited site [164]. Monitoring elephant movement and habitat use using GPS collars is
conducted widely in Asian elephant range countries [17,31,179,180]. Given that AGDs also
fulfil the same function of a GPS collar, fitting AGDs may be conducted at a similar scale as
part of ongoing research that involves GPS collaring on selected elephants.
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Figure 1. Conceptual diagram of how Aversive Geofencing Devices (AGDs) are expected to work to
manage movement of a wild elephant. (a) Virtual fences are drawn on a digital device. (b) Sound
warning is delivered as the elephant fitted with an AGD approaches first virtual fence. (c) Elephant
approaches second virtual fence and receives both sound and electric stimuli. (d) Elephant proceeds
further and receives electric shock as pulses. (e) A warning message is sent to villagers’ mobile
phones if the elephant ignores the electric shocks and proceeds further. (f) Elephant learns to turn
away and avoid receiving electric shocks after few instances.

4. Progressing the Development of AGDs as a HEC Mitigation Tool
4.1. Developing and Testing the Efficacy of AGDs on Elephants

Elephants appear to be good candidates for the use of AGDs, but elephant’s large
size, strength, speed, and potentially dangerous behaviour poses a risk in testing AGDs
on elephants. Individual variability in their capacity for learning and response to the
electrical stimuli might also be expected [63,152,153,168,181]. Furthermore, elephants
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have several different sensitive locations on the neck where electric probes may be more
or less helpful in influencing animal movement or be avoided to prevent any harm to
the elephant [182]. How individuals perceive the pain from the electric shock [183] and
their temperament [184] may also vary. Hence, there is no guarantee that use of AGDs
will be immediately successful for elephants. To determine the efficacy of AGDs on
elephants, pilot studies should be conducted using captive elephants under controlled
conditions [158,185,186]. Identifying the most suitable location on the neck to deliver the
shock, and the safest appropriate strength of the shock, should be of primary research
interest [153]. Field trials will then need to be conducted to understand the learning
ability of elephants to associate the warning signals with the electric shock and avoid it.
Negative reinforcement is often practiced by mahouts during training and handling of
captive elephants in Asia [187–189]. However, safety of the mahout, relationship between
mahouts and elephants and mahouts’ perception on testing AGDs on captive elephants
should be considered during field trials. Exploration of the potential for captive elephants
to learn through social facilitation would also be beneficial prior to testing of AGDs on
wild elephants. Responses by captive elephants may not entirely represent wild elephant
responses, but preliminary investigations with captive animals would still help resolve
several uncertainties prior to work on wild elephants.

The longevity of AGDs must be considered given that frequent replacement of collars
on wild elephants is not possible. GPS collars have limited battery life and are typically
scheduled to collect GPS points every few hours [119]. However, AGDs will require
real-time positioning of elephants and also generate sound and electric shock, thereby
consuming a lot of battery capacity. Exploring options of harvesting energy using solar
power, motion and body heat may be advantageous [147,190,191]. Maintaining uninter-
rupted communication between satellites and AGDs despite topographic barriers should
be investigated [62], and the durability of the AGD is also an important factor requiring
attention. In addition to being waterproof, the device may also have to be resistant to mud.
AGDs should also be able to withstand strong movements such as head shaking or collar
shaking using the trunk or rubbing of the collar against hard surfaces. Each of these issues
need further exploration before AGDs will be ready for operational deployment on wild
elephants.

4.2. AGDs and Elephant Welfare

AGDs typically expose animals to a high voltage electric shock with a very low
amperage, delivered as pulses for a few milliseconds at a time [157,183], thereby minimising
harm to the animal [192]. The strength of the shock from AGDs would also be much
lower than what is received from electric fences [193]. Electricity will pass through and
pain will be felt only between the contact points of the electrodes [194]. Further, when
using AGDs the aversive stimulus is felt by the fewest number of possible animals and
does not affect non-target individuals or species. Using devices that intentionally expose
animals to pain naturally raise concerns about the ethical and welfare implications for the
animal [158,195,196]. It might be expected that animals would show acute stress responses
during early stages of learning, but after learning has occurred and animals know how
to avoid the stimuli effectively, chronic stress levels should be no different from normal
baseline levels [186,197]. Several studies have explored physiological stress levels using
cortisol hormone and behavioural responses to understand the welfare of animals in
relation to aversive conditioning [154,172,173,193,198–200]. If animals continue to show
chronic stress responses and inability to learn, the experiment may need to be modified
or discontinued with those animals [197]. Measuring cortisol hormone and behavioural
time budgets are commonly used to assess stress levels of elephants [201–203]. Therefore,
during preliminary studies, similar analysis should be done, as an indicator of welfare
impacts associated with AGDs on elephants.
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4.3. Public Acceptance for Using AGDs on Elephants

Obtaining acceptance of all stakeholders, local communities, line agencies, local ad-
ministration and government is required to mainstream the use of AGDs. All approaches
to managing HEC cause some sort of pain, distress, or disruption to elephants, but public
acceptance of AGDs depends on how these welfare impacts compare to or are perceived to
be compared to other HEC mitigation tools (Table 1). Use of electronic training collars on
animals is not a common practice in Asian elephant range countries. Therefore, public reluc-
tance to accept a novel technology may also be a challenge. In addition to the efficacy and
welfare, successful adoption of new mitigation tools will be contingent on the probability of
people to perceive it favourably, the capacity for the relevant stakeholders to implement or
maintain it, and their ability to expand and adapt it on a wider scale [66]. Attitudes towards
elephants may also affect the social acceptability of giving an electric shock to elephants
using collars. This may vary significantly based on religious and cultural backgrounds and
also depending on whether negative or positive interactions occur between humans and
wild elephants [5,204]. Where negative perceptions are shown towards mitigation tools that
have high efficacy, effort could be made to create awareness and change people’s attitudes
towards such HEC mitigation tools. Hence, sociological surveys should be conducted to
understand attitudes of various stakeholders at a preliminary stage to determine public
opinion and acceptability of using AGDs on elephants in the future.

5. Conclusions

Elephants are endangered and play a significant role in the ecosystem and culture.
Conflict between humans and elephants is one of the most important environmental issues
in Asian elephant range countries. A variety of approaches are used to mitigate HEC,
although most have not been very successful given they are not flexible or dynamic enough
to be modified according to elephants’ behavioural and ecological needs. AGDs may
overcome many of these issues, but require further development. AGDs may safely pre-
vent elephant movement into human habitations and help humans and elephants coexist
if elephants successfully learn to associate the non-aversive auditory stimulus with the
aversive electric shock. Use of AGDs may be a more ethical choice than elephant removal.
However, AGDs first require field-testing with captive elephants under controlled condi-
tions to refine their design and optimise their efficacy and welfare impacts. Understanding
public perceptions about AGDs is also important. AGDs will not be a ‘silver bullet’ for
HEC, but they do overcome many of the limitations of current tools and may therefore
become a powerful new management tool for reducing HEC in the future.
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Appendix A

Table A1. Key findings of some research conducted on virtual fencing with Aversive Geofencing
Devices (AGDs) on livestock published between 2017–2022.

Study Country Summary

1 Aaser et al. (2022) [205] Denmark

AGDs were successful in keeping the cattle within the
virtual fences with no acute welfare impacts. However,
there were individual variations between cows in their

responses and were also influenced by stimuli received by
other herd members.

2 Boyd et al. (2022) [62] USA
This study focussed on excluding cattle from recently

burned areas and AGDs were quite effective in limiting
the use of burned areas by cattle.

3 Brunberg et al. (2017) [206] Norway
The prototype device used was not very successful in

keeping the sheep within the restricted zones and animal
welfare may not be assured with this system.

4 Campbell et al. (2017)
[154] Australia

Cattle were able to associate the audio cue with the
aversive stimuli from the AGDs and avoid moving virtual
fences, thus animals did not associate the aversive stimuli
with the location but responded to the audio cue from the

collar.

5 Campbell et al. (2018)
[155] Australia

AGDs were able to successfully exclude most cattle from
accessing a feed attractant but the rate of learning highly

differed between individuals.

6 Campbell et al. (2019a)
[207] Australia

AGDs were successful in temporarily excluding a group
of cattle from a riparian zone and animals re-entered the

previously excluded area after fence deactivation.

7 Campbell et al. (2019b)
[193] Australia

AGDs were effective in containing cattle within a virtual
fenced area without much impact on physiological stress

levels or behavioural time budgets and showed no
difference compared with those animals within a physical

electric fence.

8 Campbell et al. (2020) [61] Australia

AGDs were able to successfully exclude a group of cattle
from an environmentally sensitive area across a period of

44 days, with the feed available in the protected zone
doubled by the end of the experiment.

9 Campbell et al. (2021)
[208] Australia

Preliminary trials conducted on cattle and sheep
demonstrated the potential to use AGDs for herding

animals, however, further experimentation with updated
versions of the device is required.

10 Colusso et al. (2020) [209] Australia

Cows were trained to learn and respond to AGDs as
individuals and in groups. When those trained in groups
were tested individually, they were more likely to interact
with virtual fences than those initially trained individually
and then later tested in groups. This study demonstrated

that those trained in groups relied on the responses of
their conspecifics and for accurate learning of virtual
fences, it is important that individual animals directly

receive stimuli.

11 Colusso et al. (2021a) [210] Australia

Experiments conducted with AGDs to evaluate the impact
of feed restriction showed that the restriction of food may
impact the exclusion of cows from a feed attractant, but
later they quickly learnt to avoid receiving the electrical

stimuli and stayed within the restricted zone.
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Table A1. Cont.

Study Country Summary

12 Colusso et al. (2021b) [211] Australia

AGDs were successful in excluding cows from fresh
pasture even when they were only provided with

post-grazing residuals. However, there were individual
variations in the number of stimuli received by animals

and time spent in the exclusion zone.

13 Kearton et al. (2019) [200] Australia

Experiment was conducted to understand the stress
responses of sheep to AGDs compared to other commonly
encountered stimuli such as a barking dog and restraint

procedures. Results showed that electric stimuli on sheep
had no significant effect on physiological stress levels and

showed aversive behavioural responses that were less
aversive compared to commonly practiced restraining

procedures.

14 Kearton et al. (2020) [172] Australia
Predictability and controllability of the aversive stimuli

from AGDs minimises both physiological and behavioural
stress responses during aversive conditioning.

15 Kearton et al. (2022) [212] Australia

Maternal demonstrators exposed to virtual fences with
AGDs may contribute to the learning of virtual fences by

lambs. However, this study protocol was limited by
several aspects and therefore, further exploration of this is

recommended.

16 Keshavarzi et al. (2020)
[178] Australia

This study showed that cattle learned to avoid virtual
fences through social facilitation where animals stayed

within a restricted zone based on the response of
conspecifics.

17 Langworthy et al. (2021)
[213] Australia

Virtual fencing using AGDs were 99% successful in
containing a herd of dairy cows within a restricted zone

compared to the physical electric fences.

18 Lomax et al. (2019) [63] Australia
AGDs were successful in keeping cows within a

designated area 99% of the time, however learning rate of
individual animals varied.

19 Marini et al. (2018a) [214] Australia

Over a period of 3 days, after an average of 8 interactions,
sheep learned to associate the auditory cue with the

aversive stimuli. After the collar was removed, the sheep
moved into the exclusion zone after 30 min.

20 Marini et al. (2018b) [153] Australia

Mean of three trials were required for the sheep to learn to
associate the auditory cue with the electrical stimuli. After
that 52% of the sheep avoided receiving the electric shock

after hearing the auditory signal.

21 Marini et al. (2019) [215] Australia

The group of sheep that received both an auditory cue
followed by electrical stimuli were able to predict the

receipt of electrical stimuli and thus showed more
favourable responses to the fence compared to the group

that only received an electrical cue. Animal’s
temperament showed no relationship on its learning

ability.

22 Marini et al. (2020) [177] Australia

The experiment with sheep showed that collaring 66% of
a flock was enough to contain the entire flock within the
exclusion zone indicating that sheep learn through social
facilitation. However, collaring 33% of the flock did not

prevent the flock from entering the exclusion zone.
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Table A1. Cont.

Study Country Summary

23 Marini et al. (2022) [216] Australia
Study showed that virtual fencing is as effective as electric

fencing and virtual fenced sheep did not differ in their
normal grazing behaviour.

24 McSweeney et al. (2020)
[217] Ireland

When visual boundaries were removed, cows made more
boundary challenges. Also, cows grazed less in inclusion

zone implying they were stressed.

25 Muminov et al. (2019)
[218] Korea

Goats responded positively to both electric shock and
warning sounds. Also, the designed collar was effective at

automatically classifying main behaviour categories.

26 Ranches et al. (2021) [219] USA

Cows showed increased distressed behaviours when first
fitted with the collars. However, they quickly adapted to
the AGD. Cows also learned to avoid the exclusion zone

when fitted with an AGD. Upon removing the AGD cows
resumed normal behaviours.

27 Verdon et al. (2020) [181] Australia
Study shows that cows that have had prior experience
with electric fences learn the virtual fence techniques

much faster.

28 Verdon and Rawnsley,
(2020) [220] Australia

Older heifers (22 months) learn to avoid the electrical
stimuli quicker than younger animals (12 months). When
the younger animals were re-trained at 22 months, they
did not show a significant difference compared to the

original 22-month animals. This showed that prior
learning at a young age does not have an effect in

avoiding the electrical stimuli later in life.

29 Verdon et al. (2021a) [221] Australia

The study comprised of four groups of cattle grazing in
adjacent paddocks, where two control groups were

contained within physical electric fences and the other
two with AGDs. AGDs successfully contained one group
of animals, but the second group frequently encroached
the exclusion zone. Study suggested that when animals

have visual contact of other conspecifics in adjacent
paddocks, the efficacy of AGDs can be reduced.

30 Verdon et al. (2021b) [222] Australia

Milk production, live weight and standing and lying
behaviour budgets did not differ between electric and
virtual fence cattle groups. There was no significant
welfare or behaviour effects immediately following

implementation of AGDs (days 1–3). However, there was
an increase in milk cortisol and changes in behavioural
time budgets later (after day 4) with the virtual fence
group. Therefore, a longer study period is required to

determine the welfare impacts of AGDs on lactating dairy
cattle
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2.2. Links and implications 

This chapter discussed the drawbacks of current HEC mitigation tools based on 

scientific evidence and highlighted the need for new approaches such as AGDs to be 

investigated as a potential HEC mitigation tool. Although research findings of using AGDs 

on livestock species and other wild animals are encouraging, available information is not 

sufficient to predict how successful AGDs would be in managing elephant movement and 

how elephant wellbeing would be affected. Further this chapter highlighted the need for 

understanding social acceptability of using AGDs on elephants compared to other HEC 

mitigation tools. Thus, as recommended in this chapter, this thesis presents results of 

preliminary investigations conducted on (1) the efficacy of AGDs in managing elephant 

movement, (2) welfare impacts and (3) public opinion of using AGDs on elephants. 
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CHAPTER 3: PAPER 2 – CAUSES AND SOLUTIONS TO 

CONFLICT BETWEEN HUMANS AND ASIAN ELEPHANTS 

 

3.1. Introduction 

This chapter is the research manuscript titled “Causes and solutions to conflict 

between humans and Asian elephants” submitted to a journal and currently under 

consideration for publication. As highlighted in Chapter 2, HEC mitigation has become an 

enormous challenge for conserving and managing Asian elephants. Finding consensus 

amongst different stakeholders is important for identifying acceptable and effective HEC 

mitigation approaches. This chapter evaluates the opinion of different stakeholder groups on 

various aspects related to elephant conservation and HEC mitigation. This study identifies the 

similarities and differences between stakeholders to help understand potential areas of 

conflict that should be given attention when communicating and implementing programmes 

for HEC mitigation. Supplementary information submitted with this research article are given 

in Appendix A.
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Abstract 

Many Asian elephant populations inhabit fragmented human-dominated landscapes 

and human-elephant conflict (HEC) has intensified in such regions, resulting in the death of 

hundreds of people and elephants each year. Controversy between stakeholders then arises as 

people debate the merits of proposed HEC mitigation approaches, but limited quantitative 

information exists on comparison of different stakeholder views towards elephant 

management. We conducted a survey to evaluate the opinions of experts, farmers and others 

who have and have not experienced HEC (n = 611), on the causes of HEC, the importance 

and conservation of elephants and co-existence with them, as well as on the acceptability and 

effectiveness of potential HEC mitigation methods. Logistic regression and the Potential for 

Conflict Index was used to assess consensus between stakeholder groups. Our analysis 

showed that all groups agreed with nine of the 10 causes of HEC assessed. Respondents had 

mostly positive attitudes towards the importance and conservation of elephants, but farmers 

who have experienced HEC disagreed that people should co-exist with elephants and instead 

supported the view that elephants should be removed from human habitats. All groups agreed 

on the acceptability and effectiveness of electric fencing, and early warning systems with 

Global Positioning System collars, infrasonic call detectors, and geophones. There was 

disagreement between the experts and other stakeholder groups on the acceptability and 

effectiveness of restricting elephants to protected areas and translocation of problem causing 

elephants to protected areas away from their capture site or to wild elephant holding grounds. 

While agreement between stakeholder groups on many aspects are encouraging for elephant 

conservation, we suggest that the disagreements identified should be given greater attention 

when planning and implementing HEC management programmes to minimise conflict 

between stakeholders. 

Key words: Conservation, co-existence, expert opinion, human-elephant conflict, public 

opinion, wildlife management
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1.  Introduction 

Mitigating human-wildlife conflict (HWC) is one of the biggest challenges faced by 

conservation biologists, and their focus on this issue is evident from the exponential rise in 

HWC related research in recent years (Marchini et al., 2019; König et al., 2020). 

Complicating this is a lack of agreement between different stakeholders on acceptable 

wildlife management strategies, particularly between experts and affected parties, which can 

result in controversy (Redpath et al., 2013; Kendal & Ford, 2018) and create difficulties in 

effectively implementing these strategies. This becomes especially challenging when 

addressing HWC with large, charismatic, culturally important and threatened species like 

Asian elephants Elephas maximus (Williams et al., 2020). Successfully conserving and 

promoting harmonious co-existence with elephants requires a greater understanding of 

stakeholder views towards their management. 

Negative interactions between humans and Asian elephants results in the death of 

hundreds of humans and elephants each year across their range (Acharya et al., 2016; 

Qomariah et al., 2018; Ganesh, 2019; Prakash, Wijeratne, & Fernando, 2020). People also 

experience large scale crop loss and property damage caused by elephants (Saif et al., 2020; 

Nair & Jayson, 2021), and further suffer from hidden costs such as impacts on psychological 

and social wellbeing due to fear of safety, additional workload, lack of sleep, and loss of a 

family member or their livelihood (Barua, Bhagwat, & Jadhav, 2013; Guru & Das, 2021; 

Sampson et al., 2021). The severity of human-elephant conflict (HEC) may vary with factors 

such as availability of forest habitats, land use type (e.g. type of crops cultivated), season 

(e.g. harvesting period), human density and people’s dependency on forest resources 

(Chartier, Zimmermann, & Ladle, 2011; Neupane, Johnson, & Risch, 2017; Sampson et al., 

2019; Thant, May, & Røskaft, 2021, 2022; Tripathy, Liu, & Ranga, 2022). Many of the HEC 

mitigation approaches attempt to keep problem elephants away from human habitats by 

physically removing or deterring them (Shaffer et al., 2019; Cabral de Mel et al., 2022), but 

significant elephant numbers live in fragmented and heterogenous human-dominated 

landscapes (Madhusudan et al., 2015; Liu et al., 2017; Othman et al., 2019; Padalia et al., 

2019; Fernando et al., 2021; Chen et al., 2022) and therefore is not a feasible approach. 

Human-elephant co-existence is the only way forward for elephant conservation and HEC 

mitigation (Fernando et al., 2021), but achieving this may be a very complex and difficult 

task.  
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People’s desire for conservation and co-existence with elephants may depend on their 

exposure to wild elephants, concern for elephants and their habitat, awareness and 

involvement in environmental activities, urbanisation, age, gender, education, occupation, 

income and many other factors (Ogra, 2008; Barua, Tamuly, & Ahmed, 2010; van de Water 

& Matteson, 2018; Abdullah et al., 2019; Su et al., 2020; Tan et al., 2020). For those severely 

affected by HEC to be willing to co-exist with elephants, there will have to be reliable HEC 

mitigation tools in place to reduce threats to their lives and livelihoods in order for them to 

consider the benefits and feel the importance of sharing the land with elephants (Neupane et 

al., 2017; van de Water & Matteson, 2018; Tan et al., 2020; Ardiantiono et al., 2021). To 

resolve HEC in the long term it is important to identify and address the root causes of the 

problem (Shaffer et al., 2019), but approaches that provide immediate relief to affected 

people are also important. Developing consensus between stakeholders on different aspects 

related to elephant conservation and HEC mitigation will assist in planning and implementing 

conservation management programmes. 

Participation of various stakeholders in planning and decision making is critical for 

the success of wildlife management programmes (Reed, 2008). However, it is often only the 

experts who are consulted in the formulation and implementation of HEC management 

strategies (Chen et al., 2021; Gross et al., 2022) and represented in the media (Barua, 2010). 

Experts – i.e. researchers, academics and representatives of non-governmental organisations 

(NGOs) and government authorities – are perceived to have the proper or more correct view 

on conservation and management of wildlife species (Lute et al., 2020). But the opinion of 

other stakeholders should also be integrated in the planning and decision-making process. 

These stakeholders include those experiencing HEC; particularly farmers whose livelihoods 

are directly affected (Neupane et al., 2017; van de Water & Matteson, 2018; Sampson et al., 

2019) and also those who do not experience HEC but have a general awareness of it and may 

have the capacity to contribute towards conservation of elephants in their country (Bandara & 

Tisdell, 2003, 2004; Tan et al., 2020; Sampson et al., 2022). Evaluation of expert opinions 

(Can et al., 2014; Heeren et al., 2017; Lute et al., 2018, 2020) and comparing them with that 

of the public (Heneghan & Morse, 2019; van Eeden et al., 2019; Drijfhout, Kendal, & Green, 

2022) may be helpful in identifying similarities but also conflicting views that could hinder 

implementing conservation and conflict mitigating strategies.   
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 Studies comparing expert opinion with public opinion on Asian elephant 

conservation and HEC mitigation are very few and have been conducted only at community 

level. For example, Nayak & Swain, (2020) compared the opinions of 13 forest staff with 

those of local community members on several HEC mitigation tools, and Tripathy et al., 

(2022) conducted a survey with 36 experts in their study area to understand their opinion on 

policy instruments and HEC mitigation efforts. Pant et al., (2016) and Su et al., (2020) also 

supplemented their studies by conducting semi-structured interviews with key informants 

within local communities. Although these are useful, a broader study to understand 

similarities and differences in expert and public opinion would help to identify aspects that 

are already agreed, along with those that need greater attention when planning and 

implementing elephant conservation programmes. In this study we assess the perceptions of 

different stakeholder groups towards the causes of HEC, the importance and conservation of 

elephants and co-existence with them, as well as views on the acceptability and effectiveness 

of a variety of potential HEC mitigation tools. Our aim was to compare and contrast 

stakeholder perceptions and identify any areas of agreement or disagreement, with the intent 

to describe an acceptable pathway forward to improve the conservation and management of 

elephants.  

2.  Methodology 

2.1 Ethics statement 

The protocol and conduct of our data collection was approved by the Human Research 

Ethics Committee of the University of Southern Queensland, Australia (H21REA209) and the 

Institute of Biology, Sri Lanka (ERC IOBSL 258 01 2022). Our research was conducted in 

accordance with these approvals. 

2.2 Data collection  

2.2.1 Survey administration 

We conducted an online and a paper-based questionnaire survey using convenience 

and snowball sampling (Atkinson & Flint, 2001; Dragan & Isaic-Maniu, 2013). The online 

survey targeted citizens/residents of the Asian elephant range countries (Bangladesh, Bhutan, 

Cambodia, China, India, Indonesia, Laos, Malaysia, Myanmar, Nepal, Sri Lanka, Thailand 

and Vietnam) and experts who are conducting research or work related to Asian elephants 

from around the world. The self-administered paper-based survey targeted those in rural 
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farming areas and areas experiencing HEC with difficulty accessing online surveys. This 

paper-based survey was conducted within Sri Lanka – the country with the highest density of 

Asian elephants, the highest number of elephant deaths, and second-highest number of human 

deaths resulting from HEC (Prakash et al., 2020). Both the online and paper-based surveys 

were similar except for minor changes to comply with the format and target groups and were 

made available in English, as well as Sinhala and Tamil, the two main languages spoken in 

Sri Lanka. The survey was designed in a manner that would require approximately 20 

minutes for a respondent to complete the online or the paper-based survey. Data were 

collected from May–October 2022. 

The online survey was developed using the University of Southern Queensland online 

survey tool. Participants were recruited by sharing the survey link on social media platforms 

and was particularly shared among people with a keen interest in wildlife, conservation, and 

animal welfare through the networks of NGOs and researchers. In addition, the links were 

shared via email directly to over 500 experts working on Asian elephants, including those 

working in NGOs, zoos, welfare activists, government authorities and researchers. Email 

addresses of elephant experts were obtained from research articles published in the last 20 

years, and webpages of relevant organisations. Organizations who had received the link to the 

survey were asked to share the survey link among their expert staff members. The paper-

based survey forms were distributed among participants with the support of volunteer field 

assistants. Respondents provided implied consent to participate in the survey by voluntarily 

completing and submitting their responses at the end of the online survey or by voluntarily 

completing and returning the paper-based survey form. The online survey and paper-based 

survey were completed by 513 and 130 respondents respectively. The data collected were 

non-identifiable to the researcher (i.e. names or any contact details were not collected).  

2.2.2 Survey questions 

The survey comprised of two main sections which mostly included close-ended 

multiple choice and five-point Likert-type questions. Section One requested information on 

the demography of participants such as age, gender, highest level of formal education, 

citizenship, religion and involvement in agriculture and in work related to Asian elephants 

etc. Requests for information on ethnicity, district of residence and monthly income were 

only made to Sri Lankan respondents. Section Two of the survey collected information on 
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respondents’ experience with HEC, and perception of elephants and HEC under four main 

categories, with responses on a bipolar scale (-2 to +2), as follows.  

Category 1: Possibility of 10 factors being causes of HEC (“definitely not”, “probably not”, 

“neutral”, “probably” and “definitely”).  

Category 2: Agreement on 11 statements concerning the importance and conservation of 

elephants and co-existence with them (“strongly disagree”, “disagree”, “neutral”, “agree” and 

“strongly agree”).  

Category 3: Acceptability of 25 potential HEC mitigation tools (“unacceptable”, “somewhat 

unacceptable”, “neutral”, “somewhat acceptable” and “acceptable”).  

Category 4: Perceived effectiveness of 25 potential HEC mitigation tools (“ineffective”, 

“somewhat ineffective”, “neutral”, “somewhat effective” and “effective”).  

For Category 4, an additional option of “I do not know” was provided to avoid 

receiving responses from those totally unfamiliar with HEC mitigation tools; these responses 

were removed from the analysis. A short explanation was also provided for some of the HEC 

mitigation tools to help respondents in cases where the terminology may have been 

unfamiliar to them. Survey questions analysed in this study are provided in supplementary 

material (Tables S1–S5). 

2.3 Data Analysis 

Perceptions of respondents were analysed based on their social groups (experts, 

farmers and others) and their personal experience in HEC (HEC or no HEC). Respondents 

were identified as an “expert” if they had selected at least one answer to the question on 

current or previous involvement in work related to Asian elephants (Table S1). Respondents 

were identified as a “farmer” if they selected either farmer-annual crops, farmer-perennial 

crops or farmer-livestock to the question on involvement in fields related to agriculture 

(Table S1). Those who were neither experts nor farmers were categorised as “other”. 

Respondents who selected a level of severity of HEC they have personally experienced 

and/or mentioned one or more HEC related problems they had experienced were classified as 

“HEC” and the others as “no HEC” (Table S2). Of the 643 completed surveys, 32 were 

omitted for technical reasons (e.g. respondents were neither a citizen/resident of a range 
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country or worked on Asian elephants, or because responses were spurious) resulting in a 

total of 611 responses in the final analysis. 

A logistic regression model (a generalised linear model with a binomial distribution 

and a logit link function) was used to compare how responses to each item varied depending 

on whether they are experts, farmers or others and whether they have experienced HEC or 

not. For this analysis, the responses on the five-point scale were collapsed to a binary variable 

with -2, -1 and 0 as a “negative/neutral” response and +1, +2 as a “positive” response. The 

decision to reduce the scale to a binary measure and use a logistic regression model instead of 

retaining the ordinal scale and applying ordinal logistic regression was made primarily 

because the analysis of the ordinal responses to some items did not meet the assumption of 

proportional odds. Transformation of the scale to a dichotomous one also performs well in 

such analysis compared to a five-point scale, simplifying the interpretation of data (Jeong & 

Lee, 2016). It also works particularly well when there are low frequencies of responses in 

extreme categories (DiStefano, Shi, & Morgan, 2021), as observed for some items in this 

study. Such transformation of scale was appropriate in this study given that the aim was to 

assess the direction of responses, i.e., the likelihood to perceive an item positively or not 

(e.g., agree or not). Analyses were conducted in R statistical software (R Core Team, 2022) 

using the ‘glm’ function and displayed using the R package forestplot (Gordon & Lumley, 

2022). We then examined the mean responses given on the five-point scale (-2 to +2) and the 

level of consensus within six groups; expert-HEC, expert-no HEC, farmer-HEC, farmer-no 

HEC, other-HEC, other-no HEC using the Potential for Conflict Index2 (PCI2) (Vaske et al., 

2010). PCI2 values correspond to dispersion within the sample and ranges between 0 and 1, 

with 0 indicating complete consensus between respondents and 1 indicating no consensus or 

highest potential for conflict (responses are equally divided between the extreme responses) 

within a group. PCI2 values were calculated and illustrated using the programmes provided 

by Vaske et al., (2010). The size of each bubble in the graphs depicts the PCI2 value, with 

larger bubbles indicating high potential for conflict in the group, and the centre of the bubble 

indicates the mean score on the scale of the y axis for each group. Items analysed are 

italicised whenever mentioned in the results section. Phrases from the survey are shortened 

for some items here for the convenience of display. Full details can be found in the 

supplementary material (Table S5). 
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3.  Results 

From the 611 survey responses we analysed, respondents were predominantly 

between 18–35 years of age (52.9%, n = 323), while 32.2% (n = 197) and 14.9% (n = 91) 

were between 35–56 years and > 56 years, respectively (Table S1). Little more than half of 

the respondents were male (52.9%, n = 323) and 1.0%, 11.3% and 87.7%, of respondents had 

received education up to primary, secondary and tertiary level as the highest level of 

education respectively. Respondents were mainly Sri Lankans (81.7%, n = 499), followed by 

citizens of other Asian elephant range countries (13.8%, n = 84) and citizens from non-range 

countries (4.6%, n = 28; Table 1). There was a total of 158 individual experts in this study, 

corresponding to 25.9% of the study population. This included 70 Sri Lankans, 60 from other 

range countries and the 28 respondents from non-range countries (Table 1), who belonged to 

one or more of the following Asian elephant expert categories: Researchers and educators (n 

= 102), NGOs working on Asian elephants (n = 65), current or previous members of the 

International Union for Conservation of Nature Asian elephant specialist group (n = 31), zoo 

based organisations housing Asian elephants (n = 19), and government organisations working 

on Asian elephants (n = 27) (Table S3). Farmers in this study comprised 18.3% (n = 112) of 

our sample, of which the majority were involved in cultivation of annual crops (n = 85), 

followed by perennial crops (n = 21), and farming livestock (n = 6) (Table S1). Respondents 

who have experienced HEC comprised 38.1% (n = 233) of the total number of respondents 

(Table 1).  

Table 1. Summary of the distribution of respondents according to citizenship under the social 

groups based on experience with human-elephant conflict (HEC) 

Citizenship 

Expert- 

HEC (n = 

65) 

Expert- no 

HEC (n = 

93) 

Farmer- 

HEC (n = 

85) 

Farmer- no 

HEC (n = 

27) 

Other- 

HEC 

(n=83) 

Other- no 

HEC (n = 

258) 

Total (n = 

611) 

n % n % n % n % n % n % n % 

Sri Lanka  31 47.7 39 41.9 84 98.8 26 96.3 80 96.4 239 92.6 499 81.7 

Other range 

countries 

29 44.6 31 33.3 1 1.2 1 3.7 3 3.6 19 7.4 84 13.8 

non-range 

countries  

5 7.7 23 24.7 0 0.0 0 0.0 0 0.0 0 0.0 28 4.6 
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3.1 Respondents’ perception of the causes of HEC  

Of the 10 items assessed under causes of HEC, all respondent groups had positive 

mean scores for nine of them, agreeing that they are probable causes of HEC (Figs. 1 and 2). 

There was relatively low consensus on habitat loss due to natural causes as a probable cause 

of HEC (PCI2 range = 0.27–0.48). Compared to those who have not experienced HEC, 

respondents who have experienced HEC were less likely to perceive habitat encroachment, 

unplanned development, poor land use planning and elephant migratory paths blocked as a 

probable cause of HEC (P < 0.05, Fig. 1). Farmers were also less likely to perceive habitat 

encroachment and poor land use planning as probable causes of HEC, while others were less 

likely to perceive agricultural expansion and elephants attracted to crops as probable causes 

of HEC compared to experts (P < 0.05, Fig. 1). Both farmers and others were less likely to 

perceive increasing human population and more likely to perceive not enough food in forests 

as probable causes of HEC compared to experts (P < 0.05, Fig. 1). Expert-HEC and expert-

no HEC had relatively low consensus (PCI2 values 0.33, 0.24 respectively) on not enough 

food in forests being a probable cause of HEC compared to the other groups. Further, 

compared to experts, others were more likely to perceive elephant migratory paths blocked as 

a probable cause of HEC (P = 0.04). Among the nine statements agreed upon as a probable 

cause of HEC, the farmer-HEC group had the lowest positive mean scores for six of them; 

habitat encroachment, increasing human population, unplanned development, poor land use 

planning, agricultural expansion and elephant migratory paths blocked with very little or no 

overlap with other groups (Fig. 2). There was disagreement between groups on increasing 

elephant population as a probable cause, with expert-HEC and farmer-HEC having positive 

mean scores (0.11 and 0.54 respectively) and remaining four groups having negative mean 

scores (mean range from -0.02 to -0.33). Expert groups also had relatively high PCI2 scores 

(expert-HEC = 0.38, expert-no HEC = 0.42) for increasing elephant population (Figs. 1 and 

2). Logistic regression showed that compared to experts, others were less likely to perceive 

that increasing elephant population is a probable cause, while those who have experienced 

HEC were more likely to think that it is a probable cause of HEC (P < 0.05, Fig. 1).  
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Figure 1 Forest plot for the logistic regression on the likelihood to perceive 10 items as causes of human-

elephant conflict (HEC) by farmers and others relative to experts and those exposed to HEC relative to those 

who are not, along with mean and Potential for Conflict Index2 (PCI) for each group. Black squares and 

horizontal lines indicate the odds ratio and the 95% confidence interval respectively. + indicates items with all 

positive mean scores. 
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Figure 2 Bubble graph depicting the mean and Potential for Conflict Index2 (PCI2) for the likelihood of ten 

items being perceived as causes of human-elephant conflict (HEC) among experts, farmers and others with and 

without experience in HEC. Centre of the bubble indicates the mean score (on the scale of the y axis), and 

bubble size illustrates the magnitude of PCI2 with larger bubbles indicating low consensus among respondents 

within groups. *Items having one or more groups not represented in the graph due to PCI2 being 0.00. 

3.2 Respondents’ perception of the importance, conservation and co-existence with 

elephants 

All respondent groups had positive mean scores for eight of the statements assessed 

(Figs. 3 and 4). However, the positive mean scores recorded for remove humans from 

elephant habitats were relatively low (range = 0.02 – 0.78), with the lowest recorded by the 

farmer-HEC group. Logistic regression showed that farmers were less likely to agree that 

elephants are an endangered species, and both farmers and others were less likely to agree on 

humans taken over elephant habitats compared to experts (P < 0.05, Fig. 3). Those who have 

experienced HEC were also less likely to agree with humans taken over elephant habitat and 

remove humans from elephant habitats compared to the rest of the respondents (P < 0.05, 

Fig. 3). All groups had negative mean scores for elephants taken over human habitats; 

however, farmer-HEC had the highest mean score and relatively lower consensus (mean = -

0.28, PCI2 = 0.26), and farmers were also more likely to agree with this statement compared 

to experts (P < 0.05, Fig. 3). Except for farmer-HEC (mean = -0.11), all groups had positive 

mean scores for should try to co-exist with elephants (mean range = 0.49–1.20). Compared to 

experts, both farmers and others were less likely to agree with this statement (P < 0.05, Fig. 
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3). Those who have experienced HEC were also less likely to agree with this statement 

compared to those who have not experienced HEC (P < 0.05, Fig. 3). There were both 

positive and negative mean scores for remove elephants from human habitats (mean range = -

0.78–0.44) (Figs. 3 and 4). Logistic regression revealed that farmers and others compared to 

experts and those who have experienced HEC compared to those who have not were more 

likely to agree with this statement (P < 0.05, Fig. 3). 

 

Figure 3 Forest plot for the logistic regression on the agreement of 11 statements related to importance, 

conservation and co-existence with elephants by farmers and others relative to experts and those exposed to 

human elephant conflict (HEC) relative to those who are not, along with mean and Potential for Conflict Index2 

(PCI) for each group. Black squares and horizontal lines indicate the odds ratio and the 95% confidence interval 

respectively. + and ^ indicate items with all positive or negative mean scores respectively. 

. 
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Figure 4 Bubble graph for mean and Potential for Conflict Index2 (PCI2) for agreement of different statements 

related to importance, conservation and co-existence with elephants among experts, farmers and others with and 

without experience in HEC. Centre of the bubble indicate the mean score (on the scale of the y axis) and bubble 

size illustrates the magnitude of PCI2 with larger bubbles indicating low consensus among respondents within 

groups. *Items having one or more groups not represented in the graph due to PCI2 being 0.00. 

3.3 Respondents’ perception of the acceptability of HEC mitigation tools  

All groups had positive mean acceptability scores for electric fencing, planting thorny 

plants, planting unpalatable crops, flashlights, bee fences, providing early warning with 

Global Positioning System or GPS collars, infrasonic call detectors and geophones, as well 

as compensation schemes (Figs. 5, 6a and 6c). All respondent groups had negative mean 

acceptability scores for killing problem elephants, taming problem elephants, sterilising 

elephants, jaw bombs, nail boards and shot guns, perceiving them as unacceptable for HEC 

mitigation. Among the tools perceived acceptable by all groups, logistic regression revealed 

that both farmers and others were less likely to perceive that planting thorny plants, planting 

unpalatable crops, flashlights, infrasonic call detectors, geophones and compensation 

schemes as acceptable compared to experts (P < 0.05, Fig. 5). Further, compared to experts, 

others were less likely to perceive electric fencing as acceptable and those who have 

experienced HEC were less likely to perceive GPS collars, infrasonic call detectors and 

geophones as acceptable compared to those who have not experienced HEC (P < 0.05, Fig. 

5). Among those tools with all negative mean acceptability scores, taming problem elephants 

was more likely to be perceived as acceptable by others compared to experts, and those who 

have experienced HEC compared to those who have not. Also, farmers relative to experts and 
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those who have experienced HEC relative to those who have not were more likely to perceive 

shot guns as acceptable (P < 0.05, Fig. 5).  

There was disagreement between groups for acceptability of trenches and ditches, 

shouting, lighting bonfires, thunder flashes, firecrackers, smoke, restricting to protected 

areas, translocation, elephant holding grounds and elephant drives, with mean acceptability 

scores all ranging from -0.77 to 0.76 and relatively low consensus within groups (PCI2 range 

= 0.24 – 0.55; Fig. 5, 6a and 6c). Both farmers and others were less likely to perceive 

shouting, lighting bonfires and more likely to perceive restricting to protected areas, 

translocation, elephant holding grounds as acceptable compared to experts (P < 0.05, Fig. 5). 

Further, others were less likely to perceive trenches and ditches and firecrackers as 

acceptable compared to experts, while those who have experienced HEC were more likely to 

perceive thunder flashes as acceptable compared to those who have not experienced HEC (P 

< 0.01, Fig. 5).   
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Figure 5 Forest plot for the logistic regression on the acceptability of 25 human elephant conflict (HEC) 

mitigation tools by farmers and others relative to experts and those exposed to HEC relative to those who are 

not, along with mean and Potential for Conflict Index2 (PCI) for each group. Black squares and horizontal lines 

indicate the odds ratio and the 95% confidence interval respectively. GPS- Global Positioning System, + and ^ 

indicate items with all positive or negative mean scores respectively. 
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Figure 6 Bubble graphs for mean and Potential for Conflict Index2 (PCI2) for acceptability (a and c) and 

perceived effectiveness (b and d) for 25 human-elephant conflict (HEC) mitigation tools among experts, farmers 

and others with and without experience in HEC. Centre of the bubble indicate the mean score (on the scale of 

the y axis) and bubble size illustrates the magnitude of PCI2 with larger bubbles indicating low consensus 

among respondents within groups. *Items having one or more groups not represented in the graph due to PCI2 

being 0.00. GPS- Global Positioning System. 

3.4 Respondents’ perception of the effectiveness of HEC mitigation tools  

All respondent groups had positive mean effectiveness scores for six tools: electric 

fencing, thunder flashes, firecrackers, providing early warnings with GPS collars, infrasonic 

call detectors, and geophones, with the latter three having relatively high mean scores (mean 
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range= 0.70–1.18) and consensus (PCI2 range = 0.03–0.31) (Figs. 6b, 6d and 7). Those who 

have experienced HEC were more likely to perceive thunder flashes as an effective tool than 

those who have not (P = 0.03, Fig. 7). All groups had negative mean effectiveness scores for 

killing of problem elephants, sterilising elephants, jaw bombs, nail boards and shot guns, but 

with variable consensus levels (PCI2 range = 0.00–0.58). There was disagreement between 

groups on the effectiveness of all other mitigation tools with mean scores ranging from -0.98 

to 0.78 and PCI2 from 0.00 to 0.54. Farmers were less likely to perceive planting unpalatable 

crops as effective compared to experts (P < 0.01, Fig. 7). Both farmers and others were less 

likely to perceive shouting, and compensation schemes as effective while they were more 

likely to perceive restricting to protected areas, translocation and elephant holding grounds 

as effective compared to experts (P < 0.05, Fig. 7). Those who have experienced HEC were 

also less likely to perceive smoke as effective compared to those who have not experienced 

HEC (P = 0.04, Fig. 7). In addition, others were also more likely to perceive taming problem 

elephants as an effective mitigation tool compared to experts (P < 0.01, Fig. 7). 
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Figure 7 Forest plot for the logistic regression on the effectiveness of 25 human-elephant conflict (HEC) 

mitigation tools by farmers and others relative to experts and those exposed to HEC relative to those who are 

not, along with mean and Potential for Conflict Index2 (PCI). Black squares and horizontal lines indicate the 

odds ratio and the 95% confidence interval respectively. GPS- Global Positioning System, + and ^ indicate 

items with all positive or negative mean scores respectively. 
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4.  Discussion 

We assessed views on Asian elephant conservation and HEC mitigation from a 

variety of stakeholder groups, including people with or without personal experience in HEC. 

We identified many similarities and differences in views towards the causes of HEC, towards 

the importance and conservation of elephants and possibility of co-existence with them, and 

towards the acceptability and effectiveness of potential HEC mitigation tools. All stakeholder 

groups agreed on most causes of HEC and had mostly positive attitudes towards elephant 

conservation (Figs. 1–4). However, farmers who have experienced HEC held divergent views 

to experts about the possibility of co-existence with elephants (Figs. 3 and 4), and HEC 

mitigation tools particularly around restricting elephants to protected areas, translocation and 

elephant holding grounds (Figs. 5–7). Understanding these similarities and differences in 

opinions can assist with the development of acceptable and effective HEC mitigation 

strategies to successfully achieve conservation goals (Engel et al., 2017; Heneghan & Morse, 

2019; van Eeden et al., 2019; Drijfhout et al., 2022). 

Despite the general agreement on most causes of HEC assessed, experts and farmers 

who have experienced HEC perceived an increasing elephant population as a probable cause 

of HEC while the other groups disagreed. There was also relatively low consensus on 

increasing elephant population within the expert groups (Figs. 1 and 2). Such lack of 

consensus between and within groups is probably because there are reports of range 

expansions and increases in several regional elephant populations (Sukumar, 2006; Baskaran 

et al., 2011; Fernando et al., 2011; Jigme & Williams, 2011; Singh et al., 2023) even though 

overall elephant numbers are declining or are very small in many range countries (Fernando 

& Pastorini, 2011; Menon & Tiwari, 2019). There was also relatively low consensus within 

groups on the idea that habitat loss due to natural causes is a cause of HEC (Figs. 1 and 2), 

but there is evidence that changes in climatic conditions may cause alterations in elephant 

distribution and could therefore create more HEC situations (Kanagaraj et al., 2019; Yang et 

al., 2022). Our respondents agree that attraction of elephants to cultivated crops and not 

having enough food for elephants in forests as probable causes of HEC. But there was 

relatively low consensus on the latter within expert groups (Figs. 1 and 2), probably because 

HEC incidents peak during the harvesting season but not during the dry season when there 

could be low availability of food in forests (Webber et al., 2011; Gubbi, 2012; Neupane et al., 

2017). Elephants in Sri Lanka are known to move out of protected areas during the dry 

season (due to low availability of food) to feed in fallow land without causing conflict with 
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people (Fernando et al., 2005). But the increasing use of longer cultivation periods or 

irrigated dry season cultivation may lead to increased conflict as elephants compete with 

humans for food during dry seasons (Pastorini et al., 2013; Anuradha et al., 2019). Where 

there is low agreement between stakeholders it will be beneficial to further investigate them 

under each HEC situation and communicate with stakeholders to build consensus, because 

addressing root causes is essential to successfully mitigate HEC. 

We found mostly positive attitudes towards the importance and conservation of 

elephants, even among those affected by HEC (Figs. 3 and 4), similar to observations 

described in other studies (van de Water & Matteson, 2018; Sampson et al., 2019; Su et al., 

2020; Tripathy et al., 2022). This may be linked to the majority of respondents identifying 

themselves as followers of Buddhism and Hinduism (Table S1) who consider elephants as 

sacred beings (Sukumar, 2003; Gogoi, 2018; Köpke et al., 2021). However, although all 

respondent groups agreed that humans have taken over elephant habitats and not vice versa 

(Abdullah et al., 2019; Sampson et al., 2019), the farmers who have experienced HEC were 

relatively less likely to have this view (Fig. 4). The farmer-HEC group also perceived that 

elephants should be removed from human habitats rather than removing humans, similar to 

perceptions reported in other studies (He et al., 2011; Sampson et al., 2019). Relocating 

people to mitigate HEC is practically impossible given the many social issues that arise from 

such a process (Su et al., 2020). Furthermore, the farmer-HEC group also disagreed with all 

other groups that people should try to co-exist with elephants (Fig. 4), and previous studies 

have reported likewise (van de Water & Matteson, 2018; Sampson et al., 2019; Ardiantiono 

et al., 2021). Experts working to resolve HEC need to recognise this disparity and provide 

farmers with sufficient assurance about their lives and livelihoods if co-existence with 

elephants is to be promoted amongst farmers. 

Four HEC mitigation tools were perceived by all groups as both acceptable and 

effective (Figs. 5, and 6), though only electric fencing could be considered a common tool 

among them. Previous studies have shown that people generally perceive electric fencing to 

be an effective HEC mitigation tool (Ponnusamy et al., 2016; Neupane, Khatiwoda, & 

Budhathoki, 2018; van de Water & Matteson, 2018; Nayak & Swain, 2020), however, its 

effectiveness strongly depends on proper maintenance (Jasmine, Ghose, & Das, 2015; 

Liefting, de Jong, & Prins, 2018; Pekor et al., 2019). Electric fences are costly to build and 

maintain (Gunaryadi, Sugiyo, & Hedges, 2017), are often broken by elephants (Desai & 
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Riddle, 2015; Jasmine et al., 2015), limit elephant movement and gene flow (Hayward & 

Kerley, 2009; Estes et al., 2012; Puyravaud et al., 2022), and might only shift the problem 

from one place to another (Osipova et al., 2018). However, community based electric fences 

can be quite effective in managing HEC where the responsibility of fence maintenance is 

adopted by community members (Fernando et al., 2011; Fernando, 2020). The other three 

tools considered both acceptable and effective (early warning systems using GPS collars, 

infrasonic call detectors and geophones) are not widely used at present, have relatively 

limited information on their success, or are still under development (Venkataraman et al., 

2005; Sugumar & Jayaparvathy, 2013; Dabare et al., 2015; Zeppelzauer, Hensman, & 

Stoeger, 2015). Despite this, the importance of early warning systems in preventing HEC 

incidents is being increasingly recognised as a good approach. For example, China has 

invested large amounts of funds on remotely triggered alarms, mobile warning messages, 

infrared triggered cameras and drones, which have been reported to be effective at detecting 

problems with elephants (Chen et al., 2021); but alone, most do not actually mitigate those 

problems, which still require people to use traditional methods to prevent elephants from 

entering their properties (Cabral de Mel et al., 2022; Gross et al., 2022). Nevertheless, the 

generally positive attitudes among people towards uncommon and sophisticated early 

warning systems may indicate a willingness in people to test and explore modern 

technologies to mitigate HEC. Technologies that both warn about and mitigate potential 

problems before they occur are most promising, and should be further investigated (Cabral de 

Mel et al., 2023). 

All groups agreed on the unacceptability and ineffectiveness of many potentially 

lethal or harmful HEC mitigation tools (Figs. 6c and 6d). However, experts and other groups 

had opposing views on the acceptability and effectiveness of restricting elephants to protected 

areas and translocation of problem causing elephants to protected areas away from their 

capture site and wild elephant holding grounds (Fig. 6). Although experts have shown that 

these methods are ineffective in reducing HEC and negatively impact the wellbeing of 

elephants (Stüwe et al., 1998; Pinter-Wollman, 2009; Fernando, 2011, 2015; Fernando et al., 

2012, 2015; Anthony, 2021), this awareness is lacking among the general public (van de 

Water & Matteson, 2018; Sampson et al., 2019; Talukdar & Choudhury, 2020). Experts need 

to pay attention to these opposing perceptions and communicate with local communities 

experiencing HEC why such methods are not viable options. There was lack of agreement on 

the acceptability and effectiveness of many of the traditional deterrents, but all groups had 
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relatively positive opinions on the effectiveness of thunder flashes and firecrackers (Figs. 6b 

and 7). Community-based crop guarding using loud noises, explosives, fire and lights have 

shown to be effective in keeping elephants away (Nyhus, Tilson, & Sumianto, 2000; Hedges 

& Gunaryadi, 2010; Gunaryadi et al., 2017; van de Water & Matteson, 2018), however, they 

may be effective only in the short term as elephants quickly habituate to them (Davies et al., 

2011; Fernando et al., 2011; Aziz et al., 2016). Therefore, they should be used alternatively 

with other interventions to ensure their effectiveness in the long term.  

 There were several other tools that were deemed acceptable by all groups, albeit with 

mixed views on their effectiveness (Figs. 6 and 7). For example, farmers in our study were 

more likely to feel that planting unpalatable crops is ineffective (Fig. 7) despite evidence that 

they may be effective and support the livelihoods of local communities (Gross et al., 2017; 

Dharmarathne et al., 2020; Ly et al., 2020). One reason for this may be the increased time and 

money required to change to alternative cropping or farming practices (Neupane et al., 2017). 

Experts and farmers who have experienced HEC also had relatively neutral or negative 

opinions on the effectiveness of bee fences, perhaps because their success against elephants 

in Africa (King et al., 2009, 2010) is not well reflected in studies on elephants in Asia 

(Sugiyo et al., 2016; Fernando & Corea, 2019; van de Water et al., 2020). Compensation 

schemes could be effective in providing relief to those affected and thereby improve people’s 

tolerance levels towards co-existing with elephants (Jasmine et al., 2015; Chen et al., 2021), 

but similar to many other studies, respondents who have experienced HEC seem to feel that it 

is ineffective because reporting and claiming compensation is difficult, time-consuming, and 

the available funds are insufficient to cover the real losses (Bandara and Tisdell, 2002; Borah 

et al., 2022; Karanth et al., 2013; Ogra and Badola, 2008; Tisdell and Zhu, 1998). Such 

schemes are also prone to fraud (Ogra & Badola, 2008) and do not actually prevent the loss, 

but merely shift the cost of the losses from farmers to the general public via government or 

other management agencies. Regardless, the tools that are considered acceptable but 

sometimes ineffective (Table 2) represent those tools that are most likely to become effective 

in the future following sufficient research and development to improve them.  
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Table 2. Acceptability and effectiveness of human-elephant conflict (HEC) mitigation tools 

(sorted in the descending order of mean acceptability scores of experts exposed to HEC and 

agreed acceptability and effectiveness by all stakeholder groups). ‘√’, ‘X’ and ‘O’ indicates 

all positive mean scores, all negative mean scores and mixed (positive and negative) scores 

by stakeholder groups respectively. 

HEC mitigation tool Acceptability Effectiveness 

Infrasonic call detectors  √ √ 

Geophones  √ √ 

GPS collars  √ √ 

Electric fencing √ √ 

Compensation or insurance schemes √ O 

Live fences – planting thorny plants  √ O 

Planting unpalatable crops √ O 

Flashlights √ O 

Bee fences √ O 

Lighting bon fires O O 

Shouting to chase elephants O O 

Trenches, ditches O O 

Smoke O O 

Thunder flashes O √ 

Firecrackers O √ 

Restricting elephants to protected areas  O O 

Elephant drives  O O 

Wild elephant holding grounds O O 

Translocation  O O 

Capture and taming problem elephants X O 

Sterilising elephants X X 

Official culling of problem elephants X X 

Nail boards X X 

Shot guns X X 

Jaw bombs X X 

 

There are a few important limitations to our study. For example, although we have 

tried to formulate our survey questions carefully, some questions may have similar meanings 

to different people, and hence their results may be correlated (e.g. the causes of HEC 

associated with unplanned development, poor land-use planning, and agricultural expansion 

may be similar). Had the questions been formulated differently we may have obtained 

slightly different results. Our survey also asked what respondents thought about different 
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aspects of HEC and their responses may be based on their perceptions, which may not be 

driven by a comprehensive ecological understanding. Good management decisions need to be 

evidence based, be rooted in biology and ecology of elephants, and they also need to be 

considered acceptable by key stakeholders. 

5.  Conclusion 

In conclusion, we found that people generally agreed on most causes of HEC and had 

positive opinions towards elephant conservation, but those affected by HEC largely disagreed 

with the idea of co-existing with elephants and instead supported the removal of elephants 

from human habitats. Despite the apparent impasse, we identified several mutually acceptable 

tools that offer the best opportunities to mitigate HEC if or when issues affecting their 

inconsistent reliability can be overcome. We recommend that the views of those who 

experience HEC should be given special attention when formulating appropriate management 

strategies, and that researchers should focus their efforts on refining the effectiveness of tools 

and approaches considered mutually acceptable by all stakeholders. In this way, the 

frequency and severity of HEC may be reduced in the future, leading to better outcomes for 

both humans and elephants. 
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3.2. Links and implications 

Assessment of opinions of different stakeholder groups in this chapter showed that all 

groups agreed on many causes of HEC and had positive attitudes towards elephants, which is 

very encouraging for elephant conservation and HEC mitigation. However, farmers affected 

by HEC do not agree that co-existing with elephants is an option and perceive that elephants 

should be removed from human habitats. Experts should understand these conflicting 

opinions and care should be taken when communicating and implementing conservation and 

management objectives for elephants. Further, all stakeholder groups agreed on a few HEC 

mitigation tools as being both acceptable and effective. But even those HEC mitigation tools 

that are agreed upon as effective have several drawbacks. Hence, there is still a need for 

researchers to investigate alternative innovative and effective approaches to mitigate HEC. 
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CHAPTER 4: PAPER 3 – VIRTUAL FENCING OF CAPTIVE 

ASIAN ELEPHANTS FITTED WITH AN AVERSIVE 

GEOFENCING DEVICE TO MANAGE THEIR MOVEMENT 

 

4.1. Introduction 

This chapter is a research article published in Applied Animal Behaviour Science 

journal titled “Virtual fencing of captive Asian elephants fitted with an aversive geofencing 

device to manage their movement”. As highlighted in Chapter 2, there are many drawbacks in 

most HEC mitigation tools; and as revealed in Chapter 3, experts and other stakeholders 

agree on only a few of these approaches as acceptable and effective. This situation urges 

researchers to explore innovative approaches to effectively mitigate HEC. This chapter 

explores the efficacy of a potentially new HEC mitigation tool: satellite-linked shock collars 

or AGDs, as introduced in Chapter 2. This chapter presents results of preliminary 

experiments conducted with captive Asian elephant to determine the possibility of managing 

elephant movement with AGDs, thereby reducing HEC incidents with wild elephants in the 

future. Supplementary information published with this research article are given in Appendix 

B. 
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4.2. Links and implications 

This study demonstrated the potential of AGDs to manage captive elephant movement 

and encourages the further development of AGDs as an approach to mitigate HEC. This 

study also highlighted potential areas for improvement when experimenting with AGDs on 

captive elephants and makes several recommendations for future research to optimise and 

develop this technology before they can be tested on wild elephants. Further, this study 

emphasised that in addition to the efficacy of managing elephant movement, AGDs should 

also ensure that there are no undue negative impacts on elephant wellbeing. Further research 

to evaluate behavioural and physiological welfare impacts of using AGDs on elephants is 

encouraged. 
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CHAPTER 5: PAPER 4 –WELFARE IMPACTS ASSOCIATED 

WITH USING AVERSIVE GEOFENCING DEVICES ON 

CAPTIVE ASIAN ELEPHANTS 

 

5.1. Introduction 

This chapter is a research article published in Applied Animal Behaviour Science 

journal titled “Welfare impacts associated with using aversive geofencing devices on captive 

Asian elephants”. This chapter presents the results of the assessment of behavioural and 

physiological stress responses of captive Asian elephants involved in the experiments with 

AGDs in Chapter 4. This study assessed the activity budgets, specific anxiety/stress related 

behaviours and physiological stress using faecal cortisol metabolite (FCM) concentrations 

before, during and after the experiments in response to electric shocks from AGDs. 

Supplementary information related to this research article is given in Appendix C. 
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A B S T R A C T   

Animal-borne aversive geofencing devices (AGDs, or satellite-linked shock collars) are commercially available 
and used on livestock to restrict their movement within a virtual boundary. This technology has potential 
application as a human-wildlife conflict mitigation tool, where problem animals might be conditioned to avoid 
human-dominated habitats by associating an audio warning with a subsequent electric shock, which is delivered 
if the audio warning is ignored. Ensuring that high standards of animal welfare are maintained when imple
menting such tools is important for acquiring manager and community acceptance of such approaches. We 
conducted two pilot experiments with eight captive Asian elephants using mild electric shocks from a modified 
dog-training collar fitted around the neck, as part of an ongoing effort to develop AGDs suitable for mitigating 
human-elephant conflict. As part of these experiments, we assessed elephants’ behavioural and physiological 
stress before, during and after the experiments. During the experiments elephants wore collars for up to nine 
consecutive days and received a small number of electric shocks on 1–3 consecutive days. Bootstrapped principal 
component analysis showed that daily activity budgets of individual elephants on experiment days were not 
different from the pre-experiment days. Generalised linear mixed-effects model (GLMM) showed that anxiety/ 
stress behaviours increased on the first day of acclimatising to the collar and on testing days (i.e. days they 
received shocks) of the first experiment, but not during the second experiment relative to pre-experiment days. 
Analysis of faecal cortisol metabolite (FCM) concentrations using GLMM showed that FCM concentrations were 
higher in samples collected ~24 hrs and ~48 hrs after testing days compared to baseline levels as expected given 
the lag time for excretion of cortisol metabolites. These elevated anxiety/stress behaviours and FCM concen
trations returned to baseline levels shortly after the experiment. Therefore, we conclude that AGDs did not 
produce lasting behavioural or physiological stress effects in elephants during this short-term study but 
recommend further studies with a larger sample of elephants to confirm the transferability of these findings.   

1. Introduction 

Aversive conditioning involves influencing animals to modify an 
unwanted behaviour by associating it with an unpleasant stimulus, and 
has been applied in numerous ways to manage human-wildlife conflict 
(Appleby et al., 2017; Snijders et al., 2021, 2019). Virtual fencing using 

animal-borne electronic training collars (i.e. shock collars) is one such 
tool that has been tested on wild animals such as coyotes Canis latrans 
(Andelt et al., 1999), grey wolves Canis lupus (Rossler et al., 2012), 
dingoes Canis familiaris (Appleby, 2015), island foxes Urocyon littoralis 
(Cooper et al., 2005) and black-tailed deer Odocoileus hemionus (Nolte 
et al., 2003) to constrain their movement within a restricted space. 
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Shock collars have been widely used on domestic dogs and livestock 
species for several decades (Anderson, 2007). Modern satellite-linked 
shock collars or aversive geofencing devices (AGDs) have the ability of 
real-time tracking of animals using Global Positioning Systems (GPS) 
and automatically deliver warning sounds followed by an electric shock 
when an animal crosses virtual boundaries (Boyd et al., 2022; Campbell 
et al., 2020; Lomax et al., 2019). The advantage of AGDs is that as the 
animal learns to associate the warning sound with the electric shock, 
they can predict and avoid receiving the electric shock (Lee et al., 2018). 
In other words, animals can control the receipt of electric shocks, 
thereby reducing the anxiety and stress caused to themselves (Kearton 
et al., 2020; Lee and Campbell, 2021) and thus minimise the welfare 
impact of AGDs on their wellbeing. Cattle Bos taurus and sheep Ovis aries 
learn to avoid the electric shock from AGDs after just a few attempts to 
cross virtual fences (Lee et al., 2009; Marini et al., 2018), and these 
devices are now commercially available for use on livestock (Goliński 
et al., 2023). However, aversive conditioning with electric shock has 
been frequently debated, with some studies showing unacceptable 
welfare impacts on animals (China et al., 2020; Schilder and van der 
Borg, 2004; Ziv, 2017). Therefore, despite its effectiveness, concerns 
remain about the welfare impact of using such tools on animals. 

Use of AGDs have been suggested as a potential tool to mitigate 
conflict between humans and Asian elephants Elephas maximus (Cabral 
de Mel et al., 2022; Fernando, 2011). Human-elephant conflict (HEC) is 
a widespread problem across the 13 countries that Asian elephants 
inhabit (Fernando and Pastorini, 2011), and resolving HEC has become 
very challenging since most conventional mitigation efforts lose their 
efficacy in the long-term (Shaffer et al., 2019). Therefore, it is important 
to investigate novel tools (such as AGDs) to condition problem causing 
wild elephants to avoid human habitats. But, exactly how AGDs might 
affect elephant wellbeing is unclear given their complex cognitive and 
social systems (Bates et al., 2008; Hart et al., 2008). Initial studies with 
AGDs should be conducted under controlled conditions, for example, 
with captive animals so that their wellbeing can be properly evaluated 
(Lee and Campbell, 2021). It can be expected that during early stages, as 
animals learn to relate the audio warning from the AGD with the electric 
shock that follows, they would show acute stress responses, but after 
learning to avoid the electric shock, stress levels to be no different from 
baseline levels (Lee et al., 2018; Lee and Campbell, 2021). Welfare 
impact of shock collars on dogs and livestock has been assessed by 
studying their behavioural and physiological stress responses, demon
strating negligible effects of using them on the welfare of study animals 
(Campbell et al., 2019, 2017; Kearton et al., 2020, 2019; Schalke et al., 
2007; Steiss et al., 2007). Conducting such assessments during pre
liminary investigations of AGDs with captive elephants will likewise 
help understand how AGDs could affect the wellbeing of wild elephants 
if used as an HEC mitigation tool. 

Impact on the behavioural welfare of elephants to AGDs may be 
assessed by studying the changes in activity budgets (Veasey, 2006). 
Additionally, stereotypic behaviours, which are abnormal repetitive, 
invariant behaviours induced by stress or frustration (Mason, 2006, 
1991) could be used as a measure of elephant welfare in response to 
AGDs (de Mel et al., 2013; Glaeser et al., 2021; Rees, 2009). Further
more, self-directed behaviours (SDBs) are a type of displacement 
behaviour commonly associated with anxiety and stress in primates 
(Daniel et al., 2008; Thatcher et al., 2021; Wallace et al., 2019). SDBs 
such as trunk related behaviours (touch self and trunk swing) and foot 
swing are reported among African elephants Loxodonta africana (Kahl 
and Armstrong, 2000; Mason and Veasey, 2010; Poole, 1999) and have 
been used as a measure of their anxiety and stress (Manning et al., 
2022). Elephants may also develop distinct collar-related behaviours 
such as touching, grasping and shaking the collar used to fit the AGD 
around the elephant’s neck (pers. obs.). These SDBs and collar related 
behaviours may also be related to anxiety and stress when conducting 
experiments with AGDs. Adrenal glucocorticoid hormones such as 
cortisol are often measured as an indicator of physiological stress, as 

they increase in circulation in response to stressful events (Moberg, 
2000; Mormède et al., 2007). Cortisol in elephants can be measured 
using serum (Brown et al., 1995), hair (Pokharel et al., 2021), saliva 
(Dathe et al., 1992; Menargues et al., 2008), urine (Brown et al., 2010, 
1995) and faeces (Laws et al., 2007; Watson et al., 2013). However, 
quantifying faecal cortisol metabolites (FCMs) is preferred for elephants 
since it is a non-invasive method that would not cause additional stress 
on the animal and is not substantially affected by the temporal variation 
in secretion as it measures an accumulation of hormones over a longer 
period (Bansiddhi et al., 2020; Touma and Palme, 2005). The physio
logical and biological validity of using faeces to measure adrenal 
glucocorticoid hormones of both African and Asian elephants are well 
established (Fanson et al., 2013; Kumar et al., 2014; Laws et al., 2007; 
Millspaugh et al., 2007; Stead et al., 2000; Wasser et al., 2000). These 
behavioural and physiological stress indicators may be assessed to 
determine the impact of using AGDs on an elephant’s wellbeing. 

We previously conducted a preliminary study with captive Asian 
elephants using a modified dog-training collar to assess the potential of 
AGDs to manage elephant movement (Cabral de Mel et al., 2023) during 
which, two experiments were conducted; (1) to determine the optimum 
strength of the electric shock required, and the ideal location on the neck 
of the elephant which would generate the desired aversive responses and 
(2) to determine the ability to condition elephants to avoid receiving an 
electric shock and prevent reaching a food reward with an audio 
warning. Elephants showed desirable aversive behaviours in response to 
mild electric shocks received from the collar and the potential for ele
phants to learn to avoid an electric shock by associating it with an audio 
warning. The results of the experiments were promising, demonstrating 
the potential for AGDs to be used as an HEC mitigation tool, but the 
welfare effects of these experiments were not reported (Cabral de Mel 
et al., 2023). Therefore, in this paper we analysed the behavioural and 
physiological stress responses shown by the captive elephants that 
participated in the experiments using modified dog-training collars. The 
objectives of this study were to determine the changes in activity bud
gets, anxiety/stress related behaviours and FCM concentrations on 
experiment days compared to pre-experiment days (baseline levels). It 
was expected that conducting experiments would not influence the 
normal activity budgets of elephants. Further, it was expected that there 
could be increases in anxiety/stress behaviours and FCM concentrations 
corresponding to some experiment days (e.g., testing days on which 
elephants experience electric shocks) but these would return to baseline 
levels during the post-test monitoring days indicating minimum welfare 
impacts on animals. 

2. Methods 

This study follows on from our previous study on two experiments 
conducted with captive Asian elephants using a modified dog-training 
collar (Cabral de Mel et al., 2023) conducted between June 2019 and 
May 2022. This study received approval from the University of Southern 
Queensland Animal Ethics Committee (19REA007) in Australia, and the 
Institute of Biology in Sri Lanka (ERC IOBSL 193 04 2019 and 252 08 
2021). Permission was also granted by the Department of National 
Zoological Gardens, Sri Lanka (DZG/DEV/02/Research work/2019) to 
conduct this study. We quantified the welfare impacts of the experi
ments on the elephants in this study, which were conducted under the 
constant supervision of veterinarians, mahouts and researchers at all 
times. Mild pain or discomfort (i.e. aversion) was an expected part of this 
study. However, no animal had to be removed from the study at any 
point in time because undesirable reactions, and excessive pain or 
discomfort were not observed. We could not replace the use of live an
imals in this research given that we were exploring the effects of a novel 
tool on live animals, but we did reduce or limit the number of animals 
used in our pilot studies to those few needed to achieve our objectives. 
We further refined our methods by using a small number of captive el
ephants under constant supervision rather than using larger numbers of 
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wild elephants where supervision would have been difficult or 
impossible. 

2.1. Animals 

This study was conducted with eight adult female Asian elephants 
(K1, M1, M2, M3, M4, S1, S2, S3 with ages 50, 40, 51, 31, 24, 24, 32 and 
37 years respectively) held captive at Pinnawala Elephant Orphanage 
(PEO), Sri Lanka. All except S3 were born in the wild. M3 had been a 
resident of PEO for 16 years but had been in captivity for a much longer 
period before arriving at PEO. All other wild born elephants in the study 
were brought to PEO as orphans at an age between < 1–5 years and have 
been held at PEO for 24–46 years. All elephants, except M3, were part of 
a herd comprising of about 25 elephants, released daily into a ~3 ha 
open area to forage at 08:30 h. They were shepherded to and from a 
water body about 500 m away from the open area twice each day be
tween 10:00 h and 12:00 h and between 14:00 h and 16:00 h. While in 
the open area they were supplemented with food (e.g. branches of jak 
fruit, coconut etc.) and water and were free to range within the entire 
area. These elephants were herded to their overnight sheds after 
returning from the water body in the evening, before being let free again 
the following morning. M3 was an individually managed working 
elephant that worked for about 1 hr each day delivering food to other 
elephants within PEO. It was taken to the water body twice a day be
tween 09:45 h and 11:00 h and again between 14:00 h and 15:00 h, 
while it remained in the shed during the rest of the day. When taken to 
the water body M3 often laid recumbent and submerged in water, and 
while in the shed it was provided with food and water. These typical 
daily routines sometimes varied for all elephants. For example, if there 
were high water levels in the water body resulting from heavy rains and 
flooding elephants were not taken to the water body for their bath. 

2.2. AGD experiments 

A detailed description of our two experiments can be found in Cabral 
de Mel et al. (2023), along with results discussing the efficacy of AGDs at 
managing elephant movement. Here, we briefly summarise the 

experimental design (Table 1) and instead focus our discussion on the 
animal welfare effects of these experiments. 

The two experiments were conducted using a modified dog-training 
collar, delivering an electric shock of 4 kV with no resistance at variable 
strengths (varying pulse frequencies). Experiment 1 involved testing 
different strengths of electric shocks, on two different locations on the 
neck of eight elephants to determine the ideal position and the optimum 
strength that would generate desired responses from elephants such as 
touching the neck/collar and stopping or changing the direction of 
movement. Experiment 2 was conducted several months later with five 
of the same elephants from Experiment 1. This involved conditioning 
elephants walking along a path towards a food reward, to avoid 
receiving an electric shock by responding appropriately to the prior 
audio warning by modifying its movement and not continuing towards 
the food reward. These two experiments were conducted between 08:30 
h and 11:00 h, and each experimental session ranged between 30 and 45 
min. The two experiments involved wearing a collar around the neck for 
3–9 consecutive days and receiving one or more electric shocks on 1 day 
during Experiment 1 and 3 consecutive days during Experiment 2. 
Collars were removed each evening, on days elephants were fitted with 
them when the elephants returned to the sheds for the night and re-fitted 
in the following morning. 

2.3. Monitoring welfare impacts of the AGD experiments 

2.3.1. Assessment of behavioural welfare of elephants 
An ethogram (Table 2) was constructed based on preliminary ob

servations conducted at PEO and elephant behaviour categories 
described in published sources (Asher et al., 2015; de Mel et al., 2013; 
Glaeser et al., 2021; Manning et al., 2022; Olson, 2004; Wilson et al., 
2006). Instantaneous focal sampling of behaviour (Martin and Bateson, 
2007) was conducted every 15 s for 15 min during four sessions of the 
day; 08:00 h – 10:00 h, 10:00 h – 12:00 h, 12:00 h – 14:00 h and 14:00 h 
– 16:00 h for a total of one hour per day per animal to obtain a general 
sample of diurnal behaviour shown by each animal. Visual observations 
were conducted while elephants were not directed by mahouts. If at any 
time an elephant was interacting with a mahout during observation or if 

Table 1 
Summary of steps involved in Experiment 1a and Experiment 2b with days receiving electric shocks (see Cabral de Mel et al., 2023 for further details).  

Day Activity Details 

Receipt of electric shock by each elephant on 
experiment days; received (√) not received (x) 

K1 M1d M2 M3 M4 S1 S2d S3d 
Experiment 1a 
Day 1 Acclimatisation to wearing a collar Elephants wore a dummy collar during the day and continued with their normal routine. NA 
Day 2 Acclimatisation to wearing a collar 
Day 3 Acclimatisation to wearing a collar 
Day 4 Testing day Elephants K1, M1 and S1, (n = 3)c wore 

the shock collar during testing, which 
was removed soon after. Elephants did 
not wear a collar during the rest of the 
day. 

Elephants M2, M3, M4, S2 and S3, (n = 5)c 
wore the shock collar during testing which 
was replaced with the dummy collar soon 
after and continued to wear it for the rest of 
the day. 

√ √ √ √ √ √ √ √ 

Day 5 Post-test monitoring day Elephants did not wear a collar during 
Days 5 and 6 and continued with their 
normal routine. 

Elephants wore a dummy collar during Days 
5 and 6 and continued with their normal 
routine. 

NA 
Day 6 Post-test monitoring day 

Day 7 Post-test monitoring day Post-test monitoring not conducted on 
Days 7, 8 and 9c. 

Elephants did not wear a collar during Days 
7, 8 and 9 and carried on with their normal 
routine. 

Day 8 Post-test monitoring day 
Day 9 Post-test monitoring day 
     
Experiment 2b 
Day 1 Training day Elephants wore a dummy collar and were trained to walk along a path (~100 m) to a food 

reward, five times. Elephants then continued to wear a dummy collar and carried on with 
their normal routine during the rest of the day. 

  NA 
Day 2 Training day 
Day 3 Training day 
Day 4 Testing day 1  Elephants wore a shock collar during testing. Shock collar was then replaced by the 

dummy collar, and elephants continued their normal routine for the rest of the day. 
√  

NA 
√ √ √ √  

NA 
 

NA Day 5 Testing day 2  x √ x √ √ 
Day 6 Testing day 3 √ √ x √ √ 
Day 7 Post-test monitoring day Elephants wore a dummy collar during the day and carried on with their normal routine. NA 
Day 8 Post-test monitoring day 
Day 9 Post-test monitoring day 
a Experiment 1- Assessing responses of elephants to mild electric shocks from a modified dog-training collar fitted on the neck. 
b Experiment 2- A food attractant trial experiment conducted to condition elephants to associate an audio warning with a mild electric shock from a modified dog- 
training collar. 
c Post-test monitoring procedure modified after conducting the experiment with first three elephants. 
d M1, S2 and S3 were not involved in Experiment 2.  
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the elephant was not within the visual range, observations were paused 
and continued after the elephant had stopped interacting with the 
mahout or was located again, thus completing 15 min of observations 
during each session of the day. Behavioural observations were con
ducted for a total of 154 hrs. Elephants were first observed during the 
pre-experiment period (six months prior to conducting Experiment 1) to 
obtain a sample of baseline behaviours of each elephant. This included a 
total of 46 hrs, i.e., six different days or 6 hrs for each elephant, except 
for M4 which was observed for only four days. Then during Experiment 
1 elephants were observed for 63 hrs, i.e., 6–9 days or 6–9 hrs for each 
elephant (n = 8) and during Experiment 2 elephants were observed for 
45 hrs, i.e., 9 days or 9 hrs for each elephant (n = 5) (Table 1). Obser
vations were conducted by a single observer (SJC). Intra-observer reli
ability was measured with the index of concordance (Martin and 
Bateson, 2007) using a video taken at the beginning of the study which 
was observed during the initial stage and then at the end of the study 
with 90% agreement between observations. 

2.3.2. Assessment of physiological stress level of elephants 
The physiological stress level of elephants was assessed using FCM 

concentration. The method for faecal sample collection and extraction of 
cortisol was adopted and modified for this study based on published 
sources (Palme et al., 2013; Wasser et al., 2000, 1996). A sample of ~50 
g of fresh faeces (< 6 hrs since defecation) was collected between 08:00 
h and 08:30 h from each elephant on pre-experiment and experiment 
days from the sheds where the elephants had spent the night. A total of 
163 faecal samples were collected and analysed during this study. Fifty 
faecal samples were collected from the elephants to measure 

pre-experiment or baseline FCM concentrations for Experiment 1. This 
included 5–7 faecal samples from each elephant (n = 8) collected on 
different days within a three-month period prior to Experiment 1, which 
also included the sample collected on the morning of Day 1 before fitting 
the collar to begin Experiment 1. Only the faecal sample collected on the 
morning of Day 1 before fitting the collar to begin Experiment 2 was 
used to measure the pre-experiment or baseline FCM concentration for 
each elephant (n = 5) in Experiment 2. Faecal samples corresponding to 
each experiment day was then collected ~24 hrs later, i.e., on the 
following morning of each experiment day. This included 63 faecal 
samples, i.e., 6–9 samples from each elephant (n = 8) during Experiment 
1 and 45 faecal samples, i.e., nine samples from each elephant (n = 5) 
during Experiment 2. During faecal sample collection, two to three 
portions from the centre of the bolus were taken, given cortisol distri
bution in faeces is not homogenous (Wasser et al., 1996) and 
cross-contamination with urine or other faecal matter is possible if 
portions had been taken from the outside of the bolus (Ganswindt et al., 
2003). Each sample was placed in a well-sealed, labelled container, 
immediately stored in ice, and then stored in a − 20 ◦C freezer at PEO 
within 1–2 hrs of collection. All collected samples were later transferred 
to a − 20 ◦C freezer in the laboratory via a cool box with ice within 1.5 
hrs at the end of each field visit. 

To extract FCM, faecal samples were first thawed at room tempera
ture. Wet faecal samples were mixed well for ~5 min with latex-gloved 
hands ensuring equal distribution of FCM in the sample. Approximately 
0.6 g (avoiding large undigested material) of each well-mixed faecal 
sample was placed in a 15 ml centrifuge tube and mixed with 2 ml of 
80% ethanol by vortexing for 30 min using a multitube vortex mixer. 

Table 2 
Ethogram of elephant behaviours with subcategories considered in this study.  

Behaviour category Subcategory Description 

1. Feeding Feeding Depositing food items (or sometimes mud) in mouth, chewing and swallowing  
Foraging Searching, acquiring, processing and picking up food item (or sometimes mud) using trunk 

2. Movement  Taking two or more steps in any direction from one point to another using feet. Also included wading in shallow water (< 2 feet) 
3. Environmental 

investigation  
Investigating things in the environment. Included sniffing air, ground, urine, faeces and other inanimate objects other than food 
items using the tip of the trunk. Also included placing non-food material in mouth and moving its jaw in a chewing motion (e.g. 
plastic bottles) without ingestion of material. 

4. Standing  Showing no movement, simply standing still on all four legs for short durations- momentary (< 5 s), with little or no leg 
movement and not showing any other behaviour 

5. Comfort Relaxing Standing still upright, relaxed, eyes open or half closed for longer durations (> 5 s). The trunk may be still, and the tip may be 
lying on the ground  

Dozing Standing still with no movements and eyes closed  
Lying down Lying flat on either side of body (in lateral recumbence)  
Leaning Leaning entire or part of body on another elephant or object, eyes open or half closed.  
Leg rest Crosses one hind-leg in front of the other while standing so that one leg does not touch the ground  
Rubbing or 
scratching 

Rubbing head, body or trunk on an object, wall or another elephant or scratching self with either trunk or legs or a stick  

Trunk resting Placing trunk on an object or another elephant’s body or holding trunk in mouth or laying the distal end of the trunk on the 
ground  

Dust bathing Pick up dust using trunk and spraying over body  
Mud bathing Pick up mud using trunk and spraying over body  
Wallowing Lying down and wriggling body back and forth to cover the body in mud, dirt or sand  
Water spraying Collecting water in trunk and spray or throw on body or into nearby space  
Fly swatting Swatting flies by slapping branches against the skin  
Bathing Lying in water or standing submerged in water (> 2 feet)  
Urinating Discharging urine  
Defecating Discharging dung  
Drinking Collecting water in trunk and putting in mouth 

6. Social Antagonistic Tail biting (biting the tail of another elephant), chasing (chasing another elephant- aggressively)  
Play Head-to-head sparring (head-to-head contact between two elephants), trunk wrestling (trunk entwined with another elephant 

and pull or push another), mounting, chasing, rolling on one another  
Affiliative Sniff/touch other elephants with tip of trunk, trunk extended towards another elephant for several seconds, placing trunk in 

another elephant’s mouth or gentle head or body contact with another elephant (which does not lead to play or aggression) 
7. Anxiety/stress Stereotypy Weaving (repeated moving of body from side to side), head bobbing (moving head up and down), head oscillation (weaving and 

head bobbing shown together resulting in a figure 8 movement of head)  
Self-directed 
behaviours 

Touching self anywhere on the body with the tip of its own trunk or flick trunk in a swinging motion in and out and slaps own 
skin or directional trunk swing (back and forth) sometimes repetitively  

Collar Touch, pull or hit collar using the trunk, shake collar using trunk or by rapidly shaking head. 
8. Other  Any other behaviour not listed here  
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Samples were then centrifuged at 2500 rpm for 25 min. The liquid su
pernatant was collected in 2 ml micro-centrifuge tubes, evaporated to 
dryness under a stream of nitrogen at 35 ◦C and stored at − 20 ◦C until 
further analysis. 

The concentration of FCM in faecal extracts was estimated using a 
commercially available multispecies enzyme-linked immunoabsorbent 
assay (ELISA) kit specific for cortisol (DetectX® Cortisol Immunoassay 
(EIA) kit, Arbor Assays, Ann Arbor, MI, USA). Following the steroid 
extraction protocol provided for DetectX Steroid Immunoassay Kits, 
dried faecal extracts were dissolved in 100 µl of ethanol and 25 µl of the 
supernatant was added to 475 µl of assay buffer and mixed (to reduce the 
ethanol concentration of the sample to ≤ 5%, as recommended) 
immediately prior to analysis. Protocol in the assay kit was followed and 
the absorbance was measured at 450 nm using a microplate reader. 
Serial dilution (n = 5) of pooled samples displaced parallel to the 
standard cortisol curve (ANCOVA, F1,8 = 0.52, P = 0.50), mean per
centage recovery of pooled sample spiked with a set of standards with 
known cortisol concentrations was 98.9 ± 15.1%, intra-assay and inter- 
assay coefficient of variation was 7.1% and 9.2% respectively. FCM 
concentrations are expressed as ng/g of wet faeces. FCM extracts of 
samples collected from a particular elephant during one experiment was 
run on a single assay to minimise errors due to inter-assay variation. 

2.4. Data analysis 

All statistical analysis were conducted in RStudio (v 2022.07.2 Build 
576) and R (v 4.2.2) (R Core Team, 2022). 

2.4.1. Comparison of activity budgets 
Activity budgets (number of observations of each behaviour category 

per day converted into percentages) during experimental days were 
compared with their pre-experiment (baseline) activity budgets using 
principal component analysis (PCA), followed by a bootstrapped PCA. 
This method was first described in Catlin-Groves et al. (2009) and 
adapted to analyse behaviour by Stafford et al. (2012), allowing com
parison of entire activity budgets, and avoiding problems with depen
dence on repeated measures of behavioural data. The results of the 
bootstrapped PCA are displayed as a three-dimensional sphere plot using 
the RGL library and ’rgl.spheres’ function for R (Murdoch and Adler, 
2023). Each sphere represents the overall activity budget of each day, 
with the centre and the radius representing the mean of the first three 
principal components and the 95% confidence interval respectively. 
Overlapping of spheres indicate that the activity budgets are not 
significantly different (α = 0.05). The cumulative proportion of variance 
explained by the first three principal components for each analysis were 
≥ 0.95, thus the plots can be considered reliable. This analysis was 
conducted following the instructions and the code provided by Stafford 
et al. (2012), modifying it only to suit the number of cases (days in this 
study) for each analysis. 

2.4.2. Analysis of anxiety/stress behaviours and FCM concentrations 
The number of anxiety/stress behaviours observed per day (i.e., the 

frequency of anxiety/stress behaviours) during different experiment 
days were compared to that observed on pre-experiment days (baseline 
levels) using a generalised linear mixed-effects model (GLMM). Initial 
analyses with a Poisson distribution and log link function showed 
overdispersion (i.e. the variance of the counts was significantly greater 
than the mean), therefore, data were fitted with a negative binomial 
distribution and a log link function. FCM concentrations on days of 
Experiment 1 and 2 were compared with the respective baseline FCM 
concentrations using a GLMM with a gamma distribution and an inverse 
link function. Days of experiment were included as the fixed effect and 
elephant identity was included as a random effect to control for repeated 
measures taken of the same elephant for the GLMM of anxiety/stress 
behaviours and FCM concentrations. Analysis were conducted using the 
functions ‘glmer’ and ‘glmer.nb’ in the R package lme4 (Bates et al., 

2015). 

3. Results 

3.1. Assessment of behavioural welfare of elephants 

Comparison of daily activity budgets of individual elephants during 
pre-experiment days and the experiment days using sphere plots showed 
that all spheres overlap with each other (Figs. 1 and 2). This indicated 
that there is no detectable difference between the overall daily activity 
budgets. Percentage contribution of each behaviour category for indi
vidual elephants on different days of the study, are given in supporting 
information (Table S1). The behaviour of interest, the anxiety/stress 
behaviours shown by elephants during pre-experiment days, Experiment 
1 and Experiment 2 ranged from 0–7% (mean = 2.57 ± 1.92%), 0–15% 
(mean = 3.65 ± 3.19%) and 0–6% (mean = 2.60 ± 1.80%) of their 
activity budgets respectively. There was an increase in the observed 
anxiety/stress behaviours on Day 1 (mean = 6.50 ± 5.01%, range =
1–15%), and Day 4 (mean = 5.62 ± 4.93%, range = 0–15%) during 
Experiment 1 compared to pre-experiment days (see Table 3). This trend 
in overall anxiety/stress behaviour can be seen in Fig. 3a, with collar 
related behaviours and SDBs particularly contributing to the total anx
iety/stress behaviour on Days 1 and 4 respectively. Peaks on Days 1 and 
4 can be clearly observed when the frequency of anxiety/stress behav
iour shown by individual elephants are considered (Fig. 3b). Even 
though such differences of anxiety/stress behaviours were not detected 
in Experiment 2 (see Table 3 and Fig. 4a), an increase in this behaviour 
on Day 4 (first testing day) compared to other days could be observed in 
Fig. 4b with some elephants (e.g. K1 and M4). Stereotypic behaviour on 
pre-experiment days was only observed in M3 who followed a different 
daily routine (tethered in her shed during some periods during the day) 
with few other elephants (K1, M2 and S1) showing stereotypy on some 
experiment days (see Table S1). 

3.2. Assessment of physiological stress level of elephants 

FCM concentrations in samples collected ~48 hrs after the testing 
day of Experiment 1 (i.e. Day 5, mean = 2.93 ± 1.19 ng/g of wet faeces, 
range = 1.76–4.63, n = 8) was high compared to pre-experiment days of 
Experiment 1 (mean = 2.12 ± 0.69 ng/g of wet faeces, range =
0.84–3.65, n = 8) (Table 4, Fig. 5a). FCM concentrations in samples 
collected ~24 hrs after the first testing day of Experiment 2 (i.e. Day 4, 
mean = 3.66 ± 0.77 ng/g of wet faeces, range = 1.41–5.73, n = 5) were 
also higher than the FCM concentration in the pre-experiment samples 
collected prior to beginning Experiment 2 (mean = 2.38 ± 0.61 ng/g of 
wet faeces, range = 1.73–3.23, n = 5) (Table 4, Fig. 6a). Days on which 
peaks were observed varied between individual elephants during 
Experiment 1 (Fig. 5b) and Experiment 2 (Fig. 6b) with some elephants 
showing peaks for samples on Day 4 or 5 (i.e. in samples collected ~24 
or 48 hrs after testing day of Experiment 1 and in samples collected ~24 
hrs after the first and second testing day of Experiment 2). An increase in 
FCM concentrations in response to wearing a collar can be observed for 
M1 in the sample corresponding to Day 2 in Experiment 1 (Fig. 5b). 
Unexpected increases in FCM concentrations were also observed in some 
animals 3 days (~72 hrs) after receiving a shock. For example, M1, M2 
and M4 (Fig. 5b) show an increase in FCM concentration on Day 6 or 
later during Experiment 1. 

4. Discussion 

Aversive conditioning of captive Asian elephants using AGDs appears 
to be effective at restricting their movements, but their possible welfare 
effects are largely unknown (Cabral de Mel et al., 2023). Our assessment 
of the welfare impacts of AGDs on elephants revealed that daily elephant 
activity was not affected by the receipt of the electric shocks (Figs. 1 and 
2). Anxiety/stress behaviours and FCM concentrations temporarily 
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increased as expected on initial days of wearing a collar and/or on days 
electric shocks were given but returned to prior baseline levels in the 
following days (Tables 3 and 4, Figs. 3–6). These results confirm that 
elephants show acute stress responses on specific days as expected, but 
do not show any lasting welfare effects after experiencing electric 
shocks. This suggests that AGDs might be used more broadly on Asian 
elephants with confidence that this management tool does not unduly 
influence normal elephant behaviour or cause unnecessary anxiety or 
stress. 

Our study showed that the repeated use of AGDs did not influence the 
activity budgets of elephants. This result complements previous studies 
conducted with African elephants wearing GPS collars (Horback et al., 
2012) and livestock species with electric shock collars (Aaser et al., 
2022; Campbell et al., 2019, 2017; Marini et al., 2022; Verdon et al., 

2021), which likewise showed no or negligible changes to their normal 
daily activity patterns as a result of wearing collars or receipt of shock. 
Collar-related behaviours contributed substantially to the increase in 
anxiety/stress behaviours on Day 1 of Experiment 1 (Fig. 3a), suggesting 
displeasure, hostility, or frustration in elephants towards having to wear 
a novel object on their body. But the low frequency of collar related 
behaviour during the rest of Experiment 1 and all days of Experiment 2 
except on Day 4; the first testing day (Figs. 3a and 4a), indicates that 
elephants were no longer treating the collar as a novel or hostile object 
and had gradually habituated to wearing it. A study conducted on cattle 
showed similar results (Ranches et al., 2021). SDBs contributed sub
stantially to the increase in anxiety/stress behaviours on Day 4 (testing 
day) of Experiment 1, suggesting a discomfort and distress caused by the 
electric shocks on that day. Although an increase in anxiety/stress 

Fig. 1. Three-dimensional principal component 
sphere plot of activity budgets of the eight ele
phants; K1, M1, M2, M3, M4, S1, S2 and S3 (a–h 
respectively) that participated in Experiment 1 
(assessing elephants’ responses to mild electric 
shocks from a modified dog-training collar 
fitted on the neck). Black- pre-experiment days, 
dark grey- Days 1–3 (days of acclimatising to 
the dummy collar), white- Day 4 (testing day), 
light grey- Days 5–9 (post-test monitoring 
days). The first three principal components 
explain ≥ 95.0% of the total variance of the 
dataset.   
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behaviours during Experiment 2 was not revealed (Table 3), some 
indication of distress caused by electric shock is evident from the in
crease in collar related behaviours (Fig. 4a) and peaks in anxiety/stress 
behaviours of individual elephants, except M2 (Fig. 4b) on Day 4 of 
Experiment 2. 

In captive elephants, stereotyping is generally associated with being 

tethered, in limited space and in isolation (Greco et al., 2017, 2016; 
Horback et al., 2014; Varadharajan et al., 2016). This was also evident in 
our study. Only M3, who was tethered during some periods of the day, 
showed stereotypic behaviour throughout the study (on both 
pre-experiment and experiment days). But of those free-ranging ele
phants, only few showed stereotypic behaviour on some of the 

Fig. 2. Three-dimensional principal component 
sphere plot of activity budgets of the five ele
phants; K1, M2, M3, M4 and S1 (a–e respec
tively) that participated in Experiment 2 (a food 
attractant trial experiment conducted to condi
tion elephants to associate a warning sound 
with a mild electric shock from a modified dog- 
training collar). Black- pre-experiment days, 
dark grey- Days 1–3 (training days), white- 
Days 4–6 (testing days), light grey- Days 7–9 
(post-test monitoring days). The first three 
principal components explain ≥ 95.0% of the 
total variance of the dataset.   

Table 3 
Generalised linear mixed-effects model with negative binomial distribution and log link function for the frequency of anxiety/stress behaviours shown on different 
days of Experiment 1a and Experiment 2b with elephant identity as a random effect.  

Experiment 1a Experiment 2b 

Day Estimate Standard error P value Day Estimate Standard error P value 

Intercept (PE)c  1.816  0.150  < 0.001 Intercept (PE)c  1.897  0.187  < 0.001 
Day 1  0.917  0.249  < 0.001 Day 1  0.123  0.269  0.646 
Day 2  0.059  0.268  0.825 Day 2  -0.207  0.283  0.465 
Day 3  0.436  0.257  0.089 Day 3  0.165  0.264  0.533 
Day 4  0.711  0.250  < 0.001 Day 4  0.422  0.256  0.099 
Day 5  0.237  0.261  0.362 Day 5  -0.572  0.306  0.062 
Day 6  -0.142  0.277  0.608 Day 6  -0.306  0.289  0.289 
Day 7  -0.128  0.336  0.703 Day 7  0.039  0.269  0.884 
Day 8  -0.479  0.363  0.186 Day 8  -0.585  0.311  0.060 
Day 9  0.196  0.326  0.547 Day 9  -0.431  0.299  0.150  

a Experiment 1- Assessing elephants’ responses to mild electric shocks from a modified dog-training collar fitted on the neck (n = 8). 
b Experiment 2- A food attractant trial experiment conducted to condition elephants to associate a warning sound with a mild electric shock from a modified dog- 

training collar (n = 5). 
c PE- Pre-experiment. 
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Fig. 3. Frequency of anxiety/stress behaviours of eight elephants on different days of Experiment 1 (assessing elephants’ responses to mild electric shocks from a 
modified dog-training collar fitted on the neck). PE- pre-experiment days, Days 1–3- days of acclimatising to the dummy collar, Day 4- testing day, Days 5–9- post-test 
monitoring days. a. Box plots of anxiety/stress behaviours (Anxiety/Stress) and its subcategories; collar related behaviours (Collar), self-directed behaviours (SDB), 
stereotypic behaviours (Stereotypic) of the eight elephants. b. Box plot of anxiety/stress behaviours on pre-experiment days and connected scatter plot of anxiety/ 
stress behaviours shown on experiment days by individual elephants (K1, M1, M2, M3, M4, S1, S2 and S3). 
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experiment days (Table S1). Further, stereotypic behaviour may not 
always reflect the current welfare state, but instead may have developed 
and persisted due to an old stressor that may no longer exist (Mason and 
Latham, 2004), meaning that such behaviours may not always be a good 
welfare indicator on its own. SDBs are not yet well established as a 
welfare indicator for elephants (Mason and Veasey, 2010). But our study 
concurs with Manning et al. (2022) and suggests that they may be a 
useful indicator to assess behavioural welfare in captive Asian elephants, 
especially when they are free ranging in an open space. 

Elevated FCM concentrations were recorded in faecal samples 
collected ~48 hrs after the testing day of Experiment 1 and ~24 hrs after 

first testing day of Experiment 2, compared to pre-experiment levels 
(Table 4). This was as expected given the excretion lag time for gluco
corticoids which depends on the time taken for digesta to pass through 
the gut, which peaks after 12–58 hrs for Asian and African elephants 
(Ganswindt et al., 2003; Laws et al., 2007; Stead et al., 2000; Turczynski, 
1993; Wasser et al., 1996). Similar increases in FCM concentrations in 
faecal samples have been observed in an Asian elephant two days after a 
stressful event (transportation and relocation) (Laws et al., 2007). Dif
ferences in the times of observing peaks between individual elephants 
and within the same elephant during the two experiments could be due 
to the differences in diets (e.g. differences in the amount of food 

Fig. 4. Frequency of anxiety/stress behaviours of five elephants on different days of Experiment 2 (a food attractant trial experiment conducted to condition ele
phants to associate a warning sound with a mild electric shock from a modified dog-training collar). PE- pre-experiment days, Days 1–3- training days, Days 4–6- 
testing days, Days 7–9- post-test monitoring days. a. Box plots of anxiety/stress behaviours (Anxiety/Stress) and its subcategories; collar related behaviours (Collar), 
self-directed behaviours (SDB), stereotypic behaviours (Stereotypic). b. Box plot of anxiety/stress behaviours on pre-experiment days and connected scatter plot of 
anxiety/stress behaviours shown on experiment days by individual elephants (K1, M2, M3, M4 and S1). 
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consumed on different days and preference for different types of food by 
individual elephants) or hepatic and gastrointestinal function of each 
animal on the specific days (Wasser et al., 1993). During Experiment 2, 
K1 who experienced electric shocks on Day 4 and 6, showed two FCM 
peaks in the samples collected ~48 hrs after each experience; M3, who 
received shocks only on Day 4, showed a peak in FCM concentration in 
the sample collected ~24 hrs later. The other three elephants received 
shocks on all three testing days (Days 4, 5 and 6) during Experiment 2, 
but showed only one peak in the sample collected ~24 hrs after the first 
testing day (Fig. 6b). Our failure to detect multiple peaks associated with 
multiple shocks may indicate that the elephants were no longer stressed 
by the shocks, and could instead predict the receipt of the electric shock 
from their previous experience (Lee et al., 2018). In other words, ele
phants appeared to be less stressed or anxious after the initial experi
ences with electric shocks. 

Our results accord with previous studies on livestock species where 
elevated cortisol levels in response to electric shock returned to baseline 
levels immediately afterwards (Kearton et al., 2019; Lee et al., 2008). 
Similar observations have also been made with elephants whose 
elevated cortisol levels due to stressful relocation/transportation events 
returned to baseline levels with time (Dathe et al., 1992; Laws et al., 
2007; Millspaugh et al., 2007). The frequency of anxiety/stress behav
iours also followed the same pattern, returning to pre-experimental 
levels on post-test monitoring days. The additional peaks in FCM con
centrations observed in samples collected after ~72 hrs (3 days) of 
receiving shocks in some elephants may have occurred due to hepatic 
circulation of the metabolites (Palme et al., 1996; Stead et al., 2000) or 
due to other stressful events that may have occurred after the testing 
day. 

There was variation in the increase in the frequency of anxiety/stress 
behaviours and FCM concentrations in response to electric shocks by 
individual elephants. Some elephants showed only minor or negligible 
deflections (e.g. S2 and S3 in Fig. 3b, M2 and M3 in Fig. 4b, M3, S2 and 
S3 in Fig. 5b) while some others showed very sharp increases from 
baseline levels (e.g. M3 and M4 in Fig. 3b and K1, M1, S1 in Fig. 5b). 
This could be because of the differences in how shock is perceived by 
individuals, their sensitivities (Lines et al., 2013; Norell et al., 1983; 
Reinemann et al., 1999), temperament (Finkemeier et al., 2018; Réale 
et al., 2007), or their personalities (Found and Clair, 2018). Cortisol 
increases in response to different stressful situations in elephants have 
been shown to vary with individual personalities (Fanson et al., 2013), 
age, sex (Hambrecht et al., 2021), ovarian cycle phase, reproductive 
state (Boyle et al., 2015; Glaeser et al., 2020; Oliveira et al., 2008) and 
even seasonality (Menargues Marcilla et al., 2012). Similarly, behaviour 
of elephants are also known to depend on ovarian cycle phase 

(Slade-Cain et al., 2008) and may also vary depending on management 
routines (Elzanowski and Sergiel, 2006), availability of resources (food 
and space) (Lasky et al., 2021; Powell and Vitale, 2016) and environ
mental factors (Rees, 2002). For these reasons, a sound understanding of 
individual elephants’ baseline or pre-treatment behaviour and cortisol 
levels is important for interpreting changes caused by using AGDs. 

Conditions that affect stress levels of elephants could have potential 
consequences for their conservation (Pokharel et al., 2017; Tang et al., 
2020) as stress levels may have an influence on their fitness, reproduc
tion and survival (Busch and Hayward, 2009; Hing et al., 2016). 
Although our study showed that stress responses of captive elephants to 
AGDs are short-lived, it would be important to conduct long-term 
studies to determine how intermittent exposure to stimuli from AGDs 
could affect elephants’ wellbeing. A recent study on cattle showed that 
animal-borne devices may influence social behaviours of animals (Buijs 
et al., 2023). GPS collars have been in use on wild elephants to monitor 
their movements for several decades and adverse impacts on their social 
behaviour have not been reported (de la Torre et al., 2021; Fernando 
et al., 2015; Pastorini et al., 2015; Sampson et al., 2018; Wadey et al., 
2018). But how other elephants in a herd would respond if only the 
matriarch is wearing an AGD and is responding to the stimuli from AGDs 
would need to be investigated. Ensuring that there is negligible impact 
on elephants’ wellbeing when using AGDs is vital and such assurance 
will also help gain acceptability and support of stakeholders to imple
ment AGDs as an HEC mitigation tool in the future. 

5. Conclusion 

Use of electric shocks to manage animal behaviour have long been a 
controversial subject, but AGDs have been proven successful at man
aging the movement of domesticated livestock species with minimum 
welfare impact. AGDs have been identified as a potentially useful tool 
for resolving HEC, but a lack of knowledge on the potential welfare ef
fects of AGDs has limited the adoption of this new technology. Our re
sults give confidence that AGDs can be safely used to control elephant 
movement without lasting adverse effects on elephant welfare. We 
therefore encourage the continued development and use of AGDs on 
Asian elephants as an effective non-lethal tool to mitigate HEC. More 
broadly, we also encourage continued assessment of the animal welfare 
effects of these and other novel wildlife management tools so that 
stakeholders can have confidence that such tools can be used in an 
acceptable way. 

Table 4 
Generalised linear mixed-effects model with a gamma distribution and inverse link function for the faecal cortisol metabolite concentrations (ng/g wet faeces) on days 
of Experiment 1a and Experiment 2b with elephant identity as a random effect.  

Experiment 1a Experiment 2b 

Day Estimate Standard error P value Day Estimate Standard error P value 

Intercept (PE)c  0.501  0.041  < 0.001 Intercept (PE0)d  0.544  0.087  < 0.001 
Day 1  -0.022  0.048  0.653 Day 1  -0.018  0.065  0.776 
Day 2  -0.078  0.043  0.069 Day 2  -0.044  0.062  0.482 
Day 3  -0.016  0.049  0.748 Day 3  -0.038  0.063  0.542 
Day 4  -0.080  0.043  0.062 Day 4  -0.130  0.055  0.019 
Day 5  -0.129  0.038  < 0.001 Day 5  -0.083  0.059  0.162 
Day 6  -0.064  0.044  0.152 Day 6  -0.007  0.066  0.916 
Day 7  -0.101  0.054  0.063 Day 7  -0.074  0.060  0.217 
Day 8  0.026  0.070  0.714 Day 8  -0.083  0.059  0.162 
Day 9  -0.035  0.063  0.579 Day 9  -0.028  0.064  0.661  

a Experiment 1- Assessing elephants’ responses to mild electric shocks from a modified dog-training collar fitted on the neck, (n = 8). 
b Experiment 2- A food attractant trial experiment conducted to condition elephants to associate a warning sound with a mild electric shock from a modified dog- 

training collar, (n = 5). 
c PE- Pre-experiment samples collected prior to Experiment 1. 
d PE0- Pre-experiment samples collected on the first day before beginning Experiment 2. 
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Fig. 5. Faecal cortisol metabolite (FCM) concentrations (ng/g wet faeces) in samples collected ~24 hrs after each day of Experiment 1 (assessing elephants’ re
sponses to mild electric shocks from a modified dog-training collar fitted on the neck) of eight elephants. PE- pre-experiment days, PE0- pre-experiment faecal sample 
collected on Day 1 before beginning Experiment 1, Days 1–3- days of acclimatising to the dummy collar, Day 4- testing day, Days 5–9- post-test monitoring days. a. 
Box plot of FCM concentrations of all elephants. b. Box plot of FCM concentration on pre-experiment days and connected scatter plot of FCM concentration on 
experiment days of individual elephants (K1, M1, M2, M3, M4, S1, S2 and S3). 
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5.2. Links and Implications 

Outcomes of this short-term study suggest that AGDs may be safely used to control 

elephant movement without lasting undue impacts on elephant welfare, and encourages the 

further development of AGDs as a tool to mitigate HEC. Long-term studies with a larger 

sample of elephants are recommended to confirm the transferability of these findings. This 

study also highlighted that self-directed behaviours may be a useful indicator to assess 

behavioural welfare in captive Asian elephants and recommends that it be considered in 

future studies. Further, it emphasised the importance of similar research on other novel 

wildlife management tools to help stakeholders have confidence that animal wellbeing is not 

compromised by such approaches.   
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CHAPTER 6: PAPER 5 – ATTITUDES TOWARDS THE 

POTENTIAL USE OF AVERSIVE GEOFENCING DEVICES 

TO MANAGE WILD ELEPHANT MOVEMENT 

 

6.1. Introduction 

This chapter is the exact version of the research article published in Animals journal 

titled “Attitudes towards the potential use of aversive geofencing devices to manage wild 

elephant movement”. This chapter follows on from the recommendations made in Chapter 2, 

which highlighted the importance of understanding people’s perceptions on introducing 

AGDs as an HEC mitigation tool at a preliminary stage of its development. This chapter 

presents the analysis of responses received for the last section of the survey first described in 

Chapter 3, on people’s perceptions of the potential acceptability and effectiveness of AGDs 

on wild elephants. It is placed here in the thesis because its content directly relates to 

recommendations for future research. It also discusses and identifies potential areas for 

stakeholder conflict and challenges that can be expected in the future development and 

introduction of AGDs as an HEC mitigation tool. Supplementary information related to this 

research article is given in Appendix D. 
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Simple Summary: Human-elephant conflict (HEC) has intensified in the recent decades and poses a
great threat to Asian elephant conservation. Aversive geofencing devices (AGDs) or animal-borne
satellite-linked shock collars might become a useful tool to help reduce HEC incidents. AGDs may be
used on problem causing elephants, to train them to move away from human-dominated landscapes
by associating the receipt of electric shocks with preceding audio warnings given from the AGD as
they approach virtual boundaries. We assessed the opinions of experts, farmers, and others who
have and have not experienced HEC towards the potential use of AGDs on Asian elephants. Most
respondents had positive opinions on the potential effectiveness of AGDs in managing elephant
movement (62.2%). About 62.8% respondents also expressed positive responses for the acceptability
of AGDs if pilot studies with captive elephants have been successful in managing their movements.
Some respondents perceived AGDs to be unacceptable because they are unethical or harmful and
would be unsuccessful given wild elephants may respond differently to AGDs than captive elephants.
Respondents identified several potential challenges for implementing AGDs as an elephant manage-
ment tool. These issues need attention when developing AGDs to increase support from stakeholders
and to effectively reduce HEC incidents in the future.

Abstract: Aversive geofencing devices (AGDs) or animal-borne satellite-linked shock collars might
become a useful tool to mitigate human-elephant conflict (HEC). AGDs have the potential to condition
problem elephants to avoid human-dominated landscapes by associating mild electric shocks with
preceding audio warnings given as they approach virtual boundaries. We assessed the opinions
of different stakeholders (experts, farmers, and others who have and have not experienced HEC;
n = 611) on the potential use of AGDs on Asian elephants. Most respondents expressed positive
opinions on the potential effectiveness of AGDs in managing elephant movement (62.2%). About
62.8% respondents also provided positive responses for the acceptability of AGDs if pilot studies with
captive elephants have been successful in managing their movements. Some respondents perceived
AGDs to be unacceptable because they are unethical or harmful and would be unsuccessful given
wild elephants may respond differently to AGDs than captive elephants. Respondents identified
acceptability, support and awareness of stakeholders, safety and wellbeing of elephants, logistical
difficulties, durability and reliable functionality of AGDs, and uncertainties in elephants’ responses to
AGDs as potential challenges for implementing AGDs. These issues need attention when developing
AGDs to increase support from stakeholders and to effectively reduce HEC incidents in the future.
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1. Introduction

The majority of Asian elephant Elephas maximus populations inhabit fragmented habi-
tats dispersed among human-dominated landscapes. Thus, negative interactions between
humans and elephants are inevitable [1–5]. Human-elephant conflict (HEC) is spread
across all the 13 Asian elephant range countries (Bangladesh, Bhutan, Cambodia, China,
India, Indonesia, Laos, Malaysia, Myanmar, Nepal, Sri Lanka, Thailand, and Vietnam) and
is the biggest challenge for the conservation of this endangered species [6]. As a result
of HEC, hundreds of human lives are lost each year and farmers in rural communities
experience large scale economic losses from crop and property damage [7–11]. Hundreds of
elephants also die annually from intentional or unintentional human actions that directly or
indirectly result from HEC. Unintentional deaths of elephants may be caused by accidents
such as falling into agricultural wells and abandoned quarries or gem pits, colliding with
trains, traps or snares setup for other animals, and electrocution from contact with low
lying electric power lines or lethal electric fences [5,12–16]. Intentional deaths occur from
poaching for elephant body parts [17–19], but the majority are due to retaliation against
conflict-causing elephants by using jaw bombs (explosives placed in fruits which are then
offered to elephants), or poisoning or shooting [15,19,20]. Despite the religious and cultural
significance of elephants in the region [21–23], many people may be driven to retaliate out
of desperation to protect their lives and livelihoods.

Lethal control is considered by most people to be unacceptable [24] and is no longer
permitted in most range countries [25,26]. Rather, removal of problem elephants from
conflict areas by translocation, domestication, or driving them into protected areas are
commonly practiced to mitigate HEC [27–31]. Government authorities are compelled to
take such extreme action due to public and political pressure. However, these measures have
typically proven to be ineffective in reducing HEC and rather intensify it or severely compromise
the wellbeing of elephants, sometimes even causing death to the animal [27,28,32–35]. HEC
mitigation approaches readily available to people, such as various physical and biological
barrier methods or repellent techniques, have numerous drawbacks or are ineffective in the
long-term given that elephants quickly habituate to them [36–38]. Electric fences may be
the most effective HEC mitigation method, if properly built and maintained [39–41]. But
inherent problems of electric fences, such as lack of flexibility once they are constructed,
restriction of movement, and access to resources for both elephants and non-targeted
species [25,42,43] emphasise the need to explore more innovative methods, to provide
effective solutions to mitigate HEC.

Animal-borne satellite-linked electric shock collars or aversive geofencing devices
(AGDs) are a potentially effective but perhaps controversial tool suggested for managing
conflicts with Asian elephants [26,38]. AGDs were first used as a virtual fencing system
for domestic pets and were designed to deliver a shock when an animal wearing the collar
approached a signal-emitting wire hidden around a predetermined area [44]. Modern
AGDs, now commercially used on livestock species have real-time Global Positioning
System (GPS) tracking capabilities and can be programmed to deliver an audio warning
followed by a mild electric shock automatically whenever an animal attempts to cross a
virtual boundary [45]. These devices have successfully trained cattle Bos taurus and sheep
Ovis aries to associate an audio warning with an unpleasant or aversive electric shock
and avoid it by altering their movement whenever they hear the audio warning [46–48].
Similarly, AGDs may have the potential to condition elephants to alter their movement
and avoid human-dominated landscapes. This approach has also been tested on several
wild canid species to minimise human-wildlife conflict or prevent predation, and has
been identified as an acceptable alternative to lethal control [49–52]. AGDs could also act
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as an early warning system which can automatically send a message to mobile phones
warning villagers and wildlife managers about the presence of a problem elephant near the
village and the potential breaches of virtual fences by those elephants that ignore the audio
warnings and electric shocks [38]. AGDs could, therefore, help reduce conflict incidents
with problem causing elephants.

Although the use of electric shocks to manage domestic pets and livestock species
have been in existence for many decades [53], their use is still debated over animal ethics
and welfare concerns [54–58]. Part of the reason for this debate may be the many nuances
associated with the way electric shocks are used with these species, e.g., the strength of
the shock, or whether shocks are delivered by humans or if animals can avoid the shock if
they choose, and the possible stress that it would cause on the animal. Non-lethal electric
fences used for elephants typically deliver electric shocks of 5500–10,000 V with very low
amperage (~5 mA) and a pulse duration of about a few milliseconds [25,40,59,60], and are
generally perceived as an acceptable HEC mitigation tool [61]. AGDs used on livestock
are also designed to deliver shocks with similar characteristics, but use a much lower
voltage (e.g., ~800 V [47,62]) and lower energy than that given from electric fences used
for these species [63]. Similarly, a much milder electric shock than that used in elephant
electric fences might be used with AGDs for elephants as well [64]. However, compared
to capturing and attaching collars with AGDs on other smaller or domesticated animals,
fitting AGDs on elephants would pose a risk to both elephants and humans involved in the
collaring process [65].

Stakeholders’ interests and ideas about managing wildlife, especially on controversial
management tools may differ [66–72]. Public opinion can also be stronger when it comes
to large, charismatic, and symbolic species [73–75]. Understanding the opinions of stake-
holders towards potentially controversial but otherwise effective human-wildlife conflict
mitigation approaches is important for their successful implementation. We previously
conducted pilot studies on AGDs which revealed that electric shocks (~4000 V, ~51.7 µs,
with no resistance) from a modified dog-training collar delivered on the neck of captive
Asian elephants produces desirable aversive responses, and that there is potential to con-
dition elephants to avoid the shock with a prior audio warning [64]. Furthermore, our
assessment of behavioural and physiological stress responses to electric shocks of these
captive elephants showed that the expected increase in acute stress responses returned
to normal levels soon afterwards [76]. These studies revealed promising results for the
potential use of AGDs to manage wild elephants, but their successful use may depend on
their acceptability just as much as their efficacy [36,77], which was not assessed in these
studies. Evaluating and considering the views of experts and non-experts, and those who
are and are not affected by HEC is important for developing consensus around the suc-
cessful deployment of AGDs. Therefore, in this study we aimed to assess the perceptions
of different stakeholders towards the potential use of AGDs as an HEC mitigation tool.
We further explored the respondents’ stated reasons for unacceptability and solicited their
views on potential challenges that could be faced when developing AGDs. The overall aim
of the study was to identify issues that may need further research as the development and
use of AGDs continue.

2. Materials and Methods
2.1. Survey Administration

We conducted an online and paper-based questionnaire survey from May–October
2022 to evaluate people’s opinion on the potential use of AGDs as an HEC mitigation tool.
Participants were enlisted using convenience and snowball sampling. The online survey
targeted citizens or residents of the Asian elephant range countries, as well as experts
from around the world involved in research or other work related to Asian elephants. The
online survey was created using the University of Southern Queensland web-based survey
tool and was shared with potential participants using social media. Email addresses of
experts were obtained from published research articles or relevant organisation websites,
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and personal emails were sent with the survey link inviting them to participate in the
survey. The paper-based survey was conducted in Sri Lanka, a country experiencing
very high levels of HEC incidents [8], and targeted the rural farming communities in
areas experiencing HEC with limited facilities to participate in the online survey. With
the support of volunteer field assistants, self-administered survey forms were distributed
among people and completed forms were collected later. The survey was made available
in English as well as Sinhala and Tamil languages, the two main languages spoken in
Sri Lanka. Individual respondents were not identifiable from the data (i.e., individual
identifiers were not collected) and all respondents provided implied consent by completing
and submitting the survey voluntarily. This study was approved by the Human Research
Ethics Committee of the University of Southern Queensland, Australia (H21REA209) and
the Institute of Biology, Sri Lanka (ERC IOBSL 258 01 2022).

2.2. Survey Questions

The concept of AGDs was briefly explained with illustrations at the beginning of the
survey to provide respondents with a basic understanding on how AGDs are expected
to manage elephant movement (Figure 1). The initial section of the survey collected demo-
graphic information of respondents such as age, gender, education level, citizenship, religion,
and involvement in agriculture and in work related to Asian elephants (Table S1). Respon-
dents’ experiences with HEC were collected by asking the severity level and type of HEC
they faced (Table S2). People’s opinions on AGDs were collected using four closed-ended
questions and three optional open-ended questions. The four closed-ended questions were
5-point Likert-type questions with responses on a bipolar scale (−2 to +2). These questions
considered (1) How likely it would be for elephants to learn to avoid an electric shock
from AGDs, (2) How acceptable it is to give an electric shock to an elephant using an AGD,
(3) How effective AGDs would be in managing elephant movement, and (4) Would the use
of AGDs on wild elephants be acceptable if pilot studies conducted with captive elephants
are proven successful. The three optional open-ended questions collected respondents’
feedback on (1) Reasons for unacceptability, (2) Potential challenges in implementing AGDs,
and (3) Any other comments on the use of AGDs.

2.3. Data Analysis

We analysed responses from 611 respondents based on three social groups (experts,
farmers and others) and whether or not they have experienced HEC (HEC or no HEC).
Respondents were categorised as a “farmer” or “expert” if they had indicated their involve-
ment in farming (annual crops or perennial crops or livestock) or work related to Asian
elephants in their responses to the survey (see Table S1). Those who did not belong to either
of the groups were categorised as “other”. Respondents were categorised as “HEC” if they
had selected a severity level of HEC they experienced and/or mentioned at least one HEC
related problem they have experienced (see Table S2), while the remaining respondents
were categorised as “no-HEC”.

We analysed the responses for the Likert-type questions using a logistic-regression
model (a generalised linear model with a binomial distribution and a logit link function), by
collapsing the responses to a binary variable (−2, −1 and 0 as a “negative/neutral” response
and +1, +2 as a “positive” response). Such transformation of scale avoids issues with low
frequency of responses in some response categories and simplifies the interpretation of
data [78,79]. We used the ‘glm’ function and the forestplot package [80] in the R statistical
software [81] for this analysis. We used the Potential for Conflict Index2 (PCI2) [82] to
examine the mean responses given on the five-point scale (−2 to +2) and the level of
consensus within the six groups: expert-HEC, expert-no HEC, farmer-HEC, farmer-no
HEC, other-HEC, and other-no HEC. PCI2 values range between 0 and 1 and depict the
dispersion within the sample, with 0 indicating highest consensus within a group of
respondents and 1 indicating the lowest consensus within a group (i.e., all responses are
divided between the extreme response categories equally). We used the programs provided
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by Vaske et al. [82] to calculate and graph PCI2 and mean values. The centre and the size of
the bubble in the graph depict the mean score on the scale of the y axis and the PCI2 value,
respectively. High potential for conflict within a group is depicted by larger bubbles and
low potential for conflict within a group is depicted by smaller bubbles. Each analysed
question (item) was reduced to shorter phrases for the convenience of display and are
italicised when mentioned in the Results section (below). Table S3 contains the full-length
questions. Responses to the open-ended questions were categorised according to themes,
and due to the ambiguity in interpretation of the responses the approximate number of
respondents commenting under each category are given within parenthesis.
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3. Results

Out of the 611 responses we analysed in this study, 25.9% (n = 158) were classified as
experts. Of these, 65 had experienced HEC and 93 had not. These experts included 70 Sri
Lankan citizens, 60 from other range countries, and 28 from non-range countries (Table S1).
Farmers comprised 18.3% (n = 112) of the respondents. Of these, 85 had experienced HEC
and 27 had not. The remaining 341 respondents classified as others included 83 who had
experienced HEC and 258 who had not. A total of 38.1% (n = 233) of respondents had
experienced HEC (Table S2).

Overall, more than 50% of all respondents had positive responses for all items except
for acceptability of using AGDs on elephants, for which only 44.2% (n = 270) of respondents
had positive opinions (Figure 2). The logistic regression did not reveal detectable differ-
ences in opinions for all four items between the stakeholder groups; farmers and others
compared to experts or those who had experienced HEC compared to those who had not
(p > 0.05, Figure 2). All respondent groups had positive mean scores for likelihood of elephants
learning to avoid the electric shocks from AGDs and effectiveness of AGDs in managing elephant
movement with relatively high consensus (PCI2 range = 0.00–0.20, Figure 3). Mean scores for
acceptability of using AGDs on elephants ranged from −0.03 to 0.48 (PCI2 range = 0.12–0.41),
while the mean scores for acceptability, if pilot studies on captive elephants have been successful
ranged from 0.37 to 1.22 (PCI2 range = 0.15–0.45, Figure 3). Provided with the condition ‘if
pilot studies on captive elephants have been successful’, acceptability scores increased by a
mean difference of 0.57 (t = 11.50, df = 610, p < 0.001).
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Figure 2. Forest plot for the logistic regression on the attitudes towards use of aversive geofencing
devices (AGDs) as a human-elephant conflict (HEC) mitigation tool by farmers and others relative
to experts and those who have experienced HEC relative to those who have not along with overall
percentage responses for each item. Black squares and horizontal lines indicate the odds ratio and the
95% confidence interval, respectively.

Of the total respondents, 15.9% (n = 97) selected “unacceptable” or “somewhat unac-
ceptable” for acceptability, if pilot studies on captive elephants have been successful (Figure 2).
These respondents were represented by all six groups: 13.8% of expert-HEC (n = 9), 30.1%
of expert-no HEC (n = 28), 7.1% farmer-HEC (n = 6), 11.1% of farmer-no HEC (n = 3),
14.5% of other-HEC (n = 12), and 15.1% of other-no HEC (n = 39) (Table S3). Of these
97 respondents, 61 offered reasons for the unacceptability of AGDs, which mostly indi-
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cated that they perceived AGDs to be unethical, cruel or harmful to elephants (~41), and
that it is an approach they considered to be unfeasible or would be unsuccessful because
wild elephant behaviour would be different from captive elephants (~25). About 300 re-
spondents provided feedback on the potential challenges in implementing AGDs and/or
other comments. These comments can be categorised under five themes: (1) acceptability,
support and awareness of stakeholders (~46), (2) safety and wellbeing of elephants (~68),
(3) logistical difficulties (~169), (4) durability and reliable functionality of AGDs (~91), and
(5) uncertainties in elephants’ responses to AGDs (~62). Selected comments offered as
reasons for unacceptability and potential challenges are discussed below and provided as
Supplementary Material (Tables S4 and S5, respectively).
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Figure 3. Bubble graphs for mean and Potential for Conflict Index2 (PCI2) on the perception of
potential use of aversive geofencing devices (AGDs) as a human-elephant conflict (HEC) mitigation
tool among experts, farmers and others who have and have not experienced HEC. (a) Likelihood
of elephants learning to avoid the electric shocks from AGDs, (b) Acceptability of using AGDs on
elephants, (c) Effectiveness of AGDs in managing elephant movement, (d) Acceptability, if pilot
studies on captive elephants have been successful. Centre of the bubble indicates the mean score
(on the scale of the y axis) and bubble size illustrates the magnitude of PCI2, with larger bubbles
indicating low consensus among respondents within groups. Values under each bubble indicate
mean and PCI2 value within parenthesis.
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4. Discussion

We explored the perceptions towards the potential use of AGDs to manage elephant
movement by surveying different stakeholder groups whose opinions and support is vital
for the successful implementation of AGDs as an HEC mitigation tool. We found that
respondents had similar views towards AGDs regardless of whether they were experts,
farmers or others, and whether or not they had personal experience with HEC; each group
largely felt the same towards AGDs (Figure 2). Elephants are intelligent animals with
superior cognitive skills [83,84], a trait acknowledged by the general public with usage of
phrases such as “memory like an elephant” or “an elephant never forgets” [85,86]. This
understanding may have contributed to all respondent groups agreeing on the likelihood
of elephants learning to associate the AGDs’ warning sound with the impending electric
shock, thereby avoiding the shock and highlighting the potential effectiveness of AGDs
in managing elephant movement (Figure 3a,c). When questioned about the acceptability
of managing elephants in this way, the expert-no HEC and other-no HEC groups were
relatively neutral, while all other groups considered it somewhat acceptable (Figure 3b).
People tend to perceive a novel HEC mitigation tool as increasingly favourable as their
knowledge on its effectiveness improves [77]. Similarly, our results suggested that if
evidence can be provided that AGDs can effectively manage the movement of captive
elephants, then the acceptability of using AGDs on wild elephants would increase among
all groups (Figure 3d). However, the relatively lower acceptability and higher potential for
conflict within the expert-no HEC group, even if such evidence is provided, indicates that
building consensus among all experts on AGDs may pose some challenges.

Most people were either ambivalent or considered AGDs to be acceptable (Figure 1),
but those who considered AGDs to be unacceptable may be categorised into two main
groups based on their stated reasons for unacceptability: (1) those who see AGDs as
unethical or harmful, and (2) those who feel that AGDs will be unsuccessful in managing
wild elephant movements (Table S4). These opinions may be due to “conflict over values
and conflict over evidence”, as highlighted by Donfrancesco et al. [72]. If scientific evidence
can be provided on the effectiveness of AGDs from preliminary trials with wild elephants,
it will help develop consensus with the latter group. But the views of those who consider
AGDs to be unethical might vary under different severity levels of HEC [87], for example,
when HEC results in frequent death of humans and elephants, rather than a low frequency
of crop damage. Obtaining social acceptability and the support of stakeholders is important
and was also suggested by our respondents as a potential challenge for implementing
AGDs. One respondent even pointed out that some may consider elephants as non-human
persons with rights (Table S5, see also Riddle, [88]; Lev and Barkai, [89] and Locke, [90]), and
therefore, using methods where humans ‘control’ animals may be perceived as unethical.
People’s opinion towards management approaches may change with more awareness
of the actual situation [74]. Proper dialog between relevant groups on the severity of
HEC experienced in many regions and whether retaliatory killing, other HEC mitigation
approaches or use of AGDs would be ethically justifiable and effective in such situations
will be important.

Respondents questioned the impact on the mental and physical wellbeing of elephants
in response to electric shocks. Previous studies conducted on other species [63,91–95]
and with captive Asian elephants [76] showed that the expected increase in acute stress
levels measured using behavioural (e.g., aversive or anxiety/stress related behaviours)
and physiological (e.g., cortisol hormone levels, heart rate, body temperature) responses to
electric shock rapidly returned to baseline levels soon after experiencing them. Further, by
ensuring that stimuli are delivered only when the elephant moved in the ‘wrong’ direction
and not based on its location, will permit elephants to learn accurately and move in the
‘right’ direction to avoid the shock [96]. Coupling the electric shock with the audio warning
provides the ability for elephants to predict and control the receipt of shocks [97,98], which
would further reduce their acute stress response levels as shown for cattle [94]. After
elephants learn to predict and control the receipt of shock, chronic stress responses to
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AGDs might be negligible compared to baseline levels [63,95]. The impact of electric shocks
from AGDs on elephants’ wellbeing would, therefore, be negligible or no different to that
experienced with other HEC mitigation tools, though this needs further investigation.

Many respondents had reasonable concerns about logistical challenges during imple-
mentation of AGDs. For example, collaring wild elephants and planning virtual fences
will be a very difficult task (Table S5, see also Pastorini et al. [65]). Fitting collars on wild
elephants to monitor their movements has been practiced for many years [4,17,28,32,65],
but AGDs should preferably be used on selected problem elephants or in HEC scenarios
where no other acceptable approach has been effective [38]. AGDs should not be considered
as a replacement for all other existing HEC mitigation approaches. While elephant herds
are sometimes known to raid crops [32,99,100], it is primarily the male elephants that are
involved in direct confrontations with people [32,101] and crop raiding [102–105]. AGDs
could help reduce these HEC incidents if used on those types of problem elephants. To
successfully reduce HEC incidents with problem elephants using AGDs, it is important to
incorporate both human and elephant needs and ensure connectivity between elephant
habitats when planning virtual fences [106,107]. Therefore, conducting baseline studies to
understand the land use patterns of humans and elephants and the unique situation of HEC
where AGDs are to be implemented are required to design virtual fences appropriately [38].

Our study also revealed several other potential challenges that should be resolved
during the research and development process of AGDs. These include ensuring reliability
of the technology (e.g., consistency and accuracy of delivering audio and electrical stimuli,
maintaining uninterrupted satellite communication), durability of the device (e.g., weather
resistance, long lasting battery life), and resolving uncertainties in elephant’s behavioural
responses to electric shocks (e.g., individual variations in responses or potential to show
aggressive behaviours, possibility to learn through social facilitation and possibility of
habituation to the stimuli) (Table S5). These possible challenges have been identified and
discussed in Cabral de Mel et al. [38,64] and should be further investigated. Given the
general support or lack of widespread opposition towards AGDs, the next step would be
designing and developing a wearable, prototype AGD and optimising it by further testing
with captive elephants to provide evidence on its efficacy in managing elephant movement
with minimum impact on elephant wellbeing. Once many of the uncertainties are resolved
and with the acceptance and support of stakeholders, this prototype device can then be
modified (if necessary) and trialled on selected wild elephants in a high-HEC area to further
assess its efficacy.

5. Conclusions

AGDs are an innovative tool used to manage animal movement and could help man-
age Asian elephant movement too. However, the successful use of AGDs is most likely to
occur when consideration is given to all stakeholder views. Our study showed that the
majority of respondents had confidence that elephants will learn to avoid the shock from
AGDs by altering their movement when presented with the audio warning and thereby ef-
fectively mitigate HEC. Most respondents were also neutral or generally accepting towards
the use of AGDs. Providing evidence that AGDs reliably and effectively manage captive
elephant movement without compromising elephant wellbeing would further improve
the acceptability of AGDs among stakeholders. Such favourable views, especially among
people experiencing HEC, are important to receive support for the successful implementa-
tion of AGDs. We expect that there will still be a small proportion of stakeholders who will
object to the use of AGDs on elephants irrespective of its efficacy or general acceptability
in managing captive elephant movement, so such views should be further evaluated to
discover how they may vary depending on different HEC scenarios. Proper communication
and awareness among stakeholders about the outcome of preliminary research on AGDs
should build consensus among stakeholders around the more widespread use of AGDs in
the future.
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6.2. Links and implications 

Public sentiment towards the potential use of AGDs as an HEC mitigation tool was 

very encouraging given most respondents perceive that it would be effective in mitigating 

HEC. This study also revealed that the acceptability of AGDs will further improve with 

scientific evidence on its reliability in managing captive elephant movement with minimum 

welfare impacts. This encourages the further investigations of AGDs with captive elephants 

to optimise the technology before being introduced to wild elephants. This study also 

emphasises that conflicting opinions should be given consideration to build consensus among 

stakeholders for successful implementation of AGDs as an HEC mitigation tool in the future. 
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CHAPTER 7: DISCUSSION AND CONCLUSION 

7.1. Key findings 

Human-elephant conflict (HEC) is a major challenge for conserving Asian elephants. 

The review in Chapter 2 identified many drawbacks in the current HEC mitigation 

approaches, highlighted their lack of flexibility to accommodate elephant needs and loss of 

effectiveness in the long term, and recognised the potential of AGDs as a novel HEC 

mitigation tool. Our review identified 12 ideal characteristics in an HEC mitigation tool: 

1. Prevents HEC incidents before they occur, 

2. Keeps elephants in or out of designated areas, 

3. Targets specific individuals or small family groups, 

4. Does not require the death of the animal, 

5. Produces minimal harm to elephants, 

6. Does not harm or impede non-target species, 

7. Does not require the construction of permanent or immovable structures, 

8. Can be altered, moved, or removed as needed, 

9. Is long-lasting or sustainable, 

10. Is automated, or does not require substantial human input, 

11. Is inexpensive or cost-effective, and 

12. Is culturally and socially acceptable.  

 

If AGDs can successfully condition wild elephants to avoid human-dominated 

habitats, they will address many of the above characteristics. This review also identified three 

primary research areas to determine the potential of developing AGDs as an HEC mitigation 

tool. They are (1) evaluating the efficacy of AGDs on captive elephants under controlled 

conditions, (2) assessing behavioural and physiological impact of AGDs on elephants, and (3) 

assessing public perceptions to identify conflicting opinions that would need attention during 

the development and implementation of AGDs, which I attempted to address in this thesis.  

 The assessment of perceptions on causes of and solutions to HEC in Chapter 3 

provided an understanding of areas that need more consensus between different stakeholder 

groups to improve elephant management. These areas should also be given consideration 

when planning and implementing HEC mitigation programmes to introduce AGDs in the 

future. Our study revealed that all stakeholder groups agreed on many causes of HEC and the 
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importance and conservation of elephants. But farmers who had experienced HEC disagreed 

with experts that people should try to co-exist with elephants and feel that elephants should 

be removed from human habitats. In addition, attitudes towards HEC mitigation tools showed 

that all stakeholder groups agreed on the acceptability and effectiveness of few tools. 

Although, this is encouraging for HEC mitigation, these tools also have their inherent 

drawbacks which only emphasized the need to investigate additional approaches such as 

AGDs as potential HEC mitigation tools.  

Experiments in Chapter 4 provided evidence that AGDs can be effective in managing 

captive elephant movement, highlighting their potential as an HEC mitigation tool. This study 

revealed that elephants displayed desirable behaviours to an electric shock of 4 kV from a 

modified dog-training collar delivered at the upper position tested on the neck and at higher 

stimuli strengths. This study also showed that the stimuli (audio warnings or electric shocks) 

from the AGD was successful in keeping elephants from reaching the food reward at the end 

of a path 77.8% of the time. But most remarkably, our experiment showed that the audio 

warning delivered prior to the shock was successful in conditioning elephants to avoid the 

electric stimulation 47.2% of the time. These findings suggested that AGDs are a promising 

method to manage elephant movement and that further development as an HEC mitigation 

tool can be encouraged.  

The assessment of behavioural and physiological stress responses of elephants to 

AGDs in Chapter 5 revealed that there were no long-lasting welfare impacts on the elephants 

involved in the experiments in Chapter 4. The daily activity budgets of individual elephants 

were not influenced by the experiments and the expected increase of stress behaviours and 

FCM concentrations returned to baseline levels shortly after the experiments. Thus, this study 

showed that AGDs can be safely used to control elephant movement without lasting impacts 

on elephant welfare.  

The analysis of stakeholder attitudes towards AGDs in Chapter 6 revealed that people 

had a generally positive opinion on AGDs. All stakeholder groups perceived that elephants 

are likely to learn to avoid virtual fences by associating the audio warning with the electric 

shock and would be effective in minimising HEC incidents. Further our results show that 

acceptability would improve with evidence on the effectiveness and assurance of elephants’ 

wellbeing when using AGDs. This social survey also identified areas of concern that should 

be given consideration during the development and implementation of AGDs. This study 
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emphasised the need for proper communication with relevant stakeholders to build consensus 

on conflicting opinions towards AGDs to gain their support to effectively implement it as an 

HEC mitigation tool in the future. 

7.2. Contributions to the field of study 

This thesis focussed on exploring a new method to effectively mitigate HEC. It 

achieved its overall aim by taking a multidisciplinary approach to collating a basic 

understanding of the potential utility of and providing evidence to support further research 

and development of AGDs as an HEC mitigation tool. Identification of the agreements and 

disagreements between stakeholders on the causes and solutions of HEC in this study would 

be useful when planning and implementing HEC mitigation programmes. This knowledge 

will guide decision makers to take greater care and draw their attention to potentially 

conflicting opinions when communicating HEC mitigation approaches with relevant 

stakeholders. The preliminary experiments with captive elephants conducted during this 

study demonstrated that AGDs have the potential to condition captive elephants to modify 

their movement behaviour and documented the (mild and acceptable) behavioural and 

physiological stress responses by elephants to electric shocks delivered from a collar. 

Additionally, this study also showed the importance of assessing views of stakeholders 

towards a novel wildlife management tool such as AGDs, so that areas that needs attention 

during research and development can be identified and prioritised. More broadly, this study 

contributed to research on Asian elephants by enhancing knowledge on elephant behaviour 

and physiology, conducting experimental research with captive elephants and people’s 

attitudes towards HEC mitigation. Wildlife managers and conservation biologists can adopt 

the multidisciplinary approach taken in this study to likewise assess novel wildlife 

management approaches for other species to improve their management and conservation 

programmes.  

7.3. Limitation and recommendations for future research 

Several shortcomings could be identified in the empirical studies presented in this 

thesis, which should be considered to improve future research.  

In the sociological survey (Chapters 3 and 6) conducted in this study, although the 

expert groups had a good representation of participants from around the world, respondents 

of all the other stakeholder groups were mainly from Sri Lanka. Therefore, the expressed 
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opinions of respondents in our work may not be representative of public opinion in all the 

other range countries. Future studies may benefit from collaborative research with other 

range countries to compare and understand the perceptions of different stakeholders. Also, 

our survey responses are based on HEC placed in a general context to get a broader 

understanding of perceptions of various aspects of HEC and the potential use of AGDs. 

However, perception of stakeholders on these may vary depending on different HEC 

scenarios (Tan et al., 2020). The opinions could be further evaluated by asking respondents 

how much they would agree or disagree under different HEC scenarios, especially where 

disagreements were identified (Engel et al., 2017; Heneghan and Morse, 2019); for example, 

how much respondents would agree with co-existence, translocation of a problem elephant, 

restricting elephants to protected areas, or elephant holding grounds when there is low 

frequency of crop raiding, high frequency of crop raiding or frequent lethal encounters with 

elephants. Such assessment may provide a better understanding of people’s perception to 

develop and implement HEC mitigation approaches specific for each HEC situation. 

Individuals within each stakeholder group may not be homogenous either. Further 

classification of respondents by asking them to identify whether they are strong animal rights 

activists, conservationist, etc. (van Eeden et al., 2019) may help to better understand people’s 

perception of AGDs and other HEC mitigation tools.  

Ranking HEC mitigation tools based on their potential welfare impacts to elephants 

may also be helpful. For example, Sharp and Saunders, (2011) have proposed a model for 

ranking the humaneness of different animal management tools, which have been applied by 

others to novel situations (Allen et al., 2019), and might be applied to HEC mitigation tools 

as well. This may help stakeholders explore and determine the acceptability of different HEC 

mitigation tools, including AGDs. 

As highlighted in Chapters 4 and 5, our field experiments with AGDs using captive 

elephants were limited by sample sizes and various logistical issues. The sample size was 

limited by the number of captive elephants available to be tested within the given facility, 

funds, and the time frame. The logistical difficulty of safely handling large numbers of 

elephants also limited our sample sizes. However, future studies might benefit from a larger 

sample of elephants if these issues could be overcome. An alternative approach to the design 

of Experiments 1 and 2 of Chapter 4 would be to give one shock level to each individual 

animal and obtain the mean response of different groups to identify the optimum shock level, 
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and not reuse the same animals again in Experiment 2. Use of naïve animals in these types of 

experiments are recommended because previous exposure to electrical stimuli may influence 

the behavioural responses, learning and stress response of animals (Campbell et al., 2018; 

Kearton et al., 2019; Lee et al., 2009; Verdon et al., 2020). But this was not possible in our 

study given the limited number of elephants available to us and welfare and safety concerns 

over shocking large numbers of potentially dangerous animals. We were also unexpectedly 

limited to experimenting with female elephants due to a variety of logistical issues. As male 

elephants are mostly responsible for crop raiding incidents (Campos-Arceiz et al., 2009; 

Sukumar and Gadgil, 1988), we recommend that future AGD studies be conducted with male 

elephants to understand their behavioural responses to electric shocks. When studying male 

elephants, attention should also be given to how their behaviour could vary during musth and 

non-musth periods. 

As identified in Chapter 4, various external factors may have also affected elephants’ 

behavioural responses, so future research should try to avoid such issues. Additionally, to 

confirm if elephants learnt to associate the audio warning with the aversive stimulus and did 

not relate the path with the electric shock, repeating the experiment with the same elephant on 

different paths is recommended. The methodology of AGD experiments may also be 

modified by pairing the electric shock with the audio warning to improve predictability and 

controllability of receiving the electric shock and further reduce stress on the animal (Kearton 

et al., 2020; Lee et al., 2018). Our study used a manually operated modified dog-training 

collar and provided a basic understanding of how elephants would respond to AGDs. But 

future research should be conducted with fully automated AGDs developed specifically for 

elephants and should be tested on free-ranging captive elephants in a larger space by 

attempting to restrict their movement to a particular area of an enclosure. Long-term studies 

may also be conducted to determine if elephants would refrain from crossing previously 

established virtual fences even after deactivation of collars (Campbell et al., 2019a). Studying 

behavioural and physiological stress responses during such long-term studies may be difficult 

but would provide more evidence to confirm welfare impacts on elephants and increase social 

acceptability for AGDs. Further, as done for cattle (Campbell et al., 2019b), comparing the 

welfare impact of virtual fencing using AGDs to traditional physical electric fences will be 

valuable. It is also recommended to investigate if elephants can learn to recognise virtual 

fences through social facilitation when collars are put only on a few individual elephants in a 
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group (Marini et al., 2020). This will help learn the possibility of using AGDs on the 

matriarch of a wild elephant herd to manage the movement of the entire herd.  

7.4. Conclusion 

The development of AGDs for elephants is still in its early stages, but our preliminary 

work provided evidence of its potential as an HEC mitigation tool. Through further research 

on the technology, efficacy and animal welfare, AGDs may be optimised for use on wild 

elephants. If AGDs can be developed into the field-testing stage with wild elephants, they 

might one day become a sustainable solution for HEC in areas where human-elephant co-

existence is the only option. AGDs may not be the sole solution or a replacement for all other 

HEC mitigation approaches. But AGDs might be used on identified problem causing 

elephants in places where no other approach has been effective in reducing HEC incidents. It 

is also important to implement other effective and acceptable HEC mitigation approaches in 

conjunction with AGDs to offset any risk that AGDs fail to deter elephants. This is especially 

important during the initial stages of implementation when elephants are learning to 

recognise virtual fences. Excluding elephants from human-dominated landscapes using 

AGDs however, could result in limiting access to important resources (e.g. food, water and 

mates) they previously depended on, and there may be concern that elephants could suffer 

from inadequate nutrition and poor welfare. Therefore, enrichment of elephant habitats and 

maintaining habitat connectivity is important to ensure that elephants have access to 

sufficient resources and reduce their attraction to human-dominated landscapes. Further, 

proper land use planning and awareness among stakeholders will also help effective 

implementation of AGDs. The adaptive nature of AGDs with the ability to modify virtual 

fences to suite human and elephant needs through continuous monitoring and evaluation 

could revolutionise HEC mitigation. The use of AGDs may also be a more ethical choice than 

lethal control, translocation or domestication of problem elephants. I hope that the findings of 

this study will aid in the development of this technology and, in the long run, assist to 

safeguard both humans and elephants in the future 
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APPENDIX A: SUPPLEMENTARY INFORMATION FOR 

CHAPTER 3 

Supplementary material for “Causes and solutions to conflict between humans and 

Asian elephants”. 

Table S1. Socioeconomic details of all respondents analysed in the study 

  
Expert- 

HEC 

(n=65) 

Expert- no 

HEC 

(n=93) 

Farmer- 

HEC 

(n=85) 

Farmer- 

no HEC 

(n=27) 

Other- 

HEC  

(n=83) 

Other- no 

HEC  

(n=258) 

Total 

(n=611) 

Item Categories n % n % n % n % n % n % n % 

Age  18-35 21 32.3 37 39.8 33 38.8 17 63.0 56 67.5 159 61.6 323 52.9 

36-55 35 53.8 38 40.9 31 36.5 7 25.9 20 24.1 66 25.6 197 32.2 

>56 9 13.8 18 19.4 21 24.7 3 11.1 7 8.4 33 12.8 91 14.9 

Gender Female 16 24.6 35 37.6 23 27.1 7 25.9 46 55.4 161 62.4 288 47.1 

Male 49 75.4 58 62.4 62 72.9 20 74.1 37 44.6 97 37.6 323 52.9 

Highest 

education 

qualification  

Primary 0 0.0 0 0.0 3 3.5 0 0.0 0 0.0 3 1.2 6 1.0 

Secondary 4 6.2 5 5.4 18 21.2 6 22.2 9 10.8 27 10.5 69 11.3 

Tertiary 61 93.8 88 94.6 64 75.3 21 77.8 74 89.2 228 88.4 536 87.7 

Religion Buddhism  26 40.0 28 30.1 77 90.6 21 77.8 58 69.9 155 60.1 365 59.7 

Christianity  5 7.7 15 16.1 1 1.2 4 14.8 8 9.6 58 22.5 91 14.9 

Hinduism  18 27.7 12 12.9 6 7.1 1 3.7 10 12.0 19 7.4 66 10.8 

 Islam  3 4.6 6 6.5 0 0.0 0 0.0 3 3.6 7 2.7 19 3.1 

Other  12 18.5 26 28.0 1 1.2 1 3.7 4 4.8 15 5.8 59 9.7 

Not 

applicable  

1 1.5 6 6.5 0 0.0 0 0.0 0 0.0 4 1.6 11 1.8 

Citizenship Bangladesh  1 1.5 3 3.2 0 0.0 0 0.0 0 0.0 1 0.4 5 0.8 

China  0 0.0 2 2.2 0 0.0 0 0.0 0 0.0 0 0.0 2 0.3 

India  12 18.5 17 18.3 1 1.2 1 3.7 2 2.4 15 5.8 48 7.9 

Indonesia  0 0.0 1 1.1 0 0.0 0 0.0 0 0.0 0 0.0 1 0.2 

Malaysia  0 0.0 3 3.2 0 0.0 0 0.0 0 0.0 0 0.0 3 0.5 

Myanmar  1 1.5 3 3.2 0 0.0 0 0.0 0 0.0 1 0.4 5 0.8 

Nepal  7 10.8 1 1.1 0 0.0 0 0.0 1 1.2 1 0.4 10 1.6 

Sri Lanka  31 47.7 39 41.9 84 98.8 26 96.3 80 96.4 239 92.6 499 81.7 

Thailand  5 7.7 1 1.1 0 0.0 0 0.0 0 0.0 1 0.4 7 1.1 

Vietnam  3 4.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 0.5 

Other  5 7.7 23 24.7 0 0.0 0 0.0 0 0.0 0 0.0 28 4.6 
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Expert- 

HEC 

(n=65) 

Expert- no 

HEC 

(n=93) 

Farmer- 

HEC 

(n=85) 

Farmer- 

no HEC 

(n=27) 

Other- 

HEC  

(n=83) 

Other- no 

HEC  

(n=258) 

Total 

(n=611) 

Item Categories n % n % n % n % n % n % n % 

Involvement 

in 

agriculture  

Farmer- 

annual crops  

    
71 83.5 14 51.9 

    
85 13.9 

Farmer- 

perennial 

crops  

    
9 10.6 12 44.4 

    
21 3.4 

 Farmer- 

livestock  

    
5 5.9 1 3.7 

    
6 1.0 

Government 

officer- 

Agriculture  

7 10.8 0 0.0 
    

13 15.7 3 1.2 23 3.8 

Researcher or 

educator- 

Agriculture  

18 27.7 19 20.4 
    

4 4.8 19 7.4 60 9.8 

General 

interest in 

Agriculture  

10 15.4 14 15.1 
    

29 34.9 70 27.1 123 20.1 

 Not 

applicable  

30 46.2 60 64.5 
    

37 44.6 166 64.3 293 48.0 

Involvement 

in work 

related to 

Asian 

elephants 

Member of 

the IUCN 

Asian 

elephant 

specialist 

group 

11 16.9 20 21.5 
        

31 5.1 

Zoo based 

organisation 

housing 

Asian 

elephants 

8 12.3 11 11.8 
        

19 3.1 

Non-

governmental 

organisation 

working on 

Asian 

elephants 

22 33.8 43 46.2 
        

65 10.6 

Research/ 

educator  on 

Asian 

elephants 

38 58.5 64 68.8 
        

102 16.7 

Government 

organisation 

working on 

Asian 

elephants  

19 29.2 8 8.6 
        

27 4.4 
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Table S2. Personal experience in human-elephant conflict 

  
Expert- HEC 

(n=65) 

Farmer- HEC 

(n=93) 

Other- HEC  

(n=83) 

Total 

(n=233) 

Item Categories n % n % n % n % 

Severity of HEC  No problem 14 21.5 2 2.4 21 25.3 37 15.9 

Minor problem  15 23.1 15 17.6 27 32.5 57 24.5 

Moderate problem  15 23.1 32 37.6 25 30.1 72 30.9 

Major problem  12 18.5 23 27.1 8 9.6 43 18.5 

Serious problem  9 13.8 13 15.3 2 2.4 24 10.3 

Types of problems 

experiences 

Property damage 29 44.6 25 29.4 21 25.3 75 32.2 

Crop damage 38 58.5 77 90.6 52 62.7 167 71.7 

Physical injury 19 29.2 4 4.7 8 9.6 31 13.3 

Death of family member 8 12.3 7 8.2 5 6.0 20 8.6 

Fear 27 41.5 25 29.4 30 36.1 82 35.2 

Damage to livestock 7 10.8 6 7.1 7 8.4 20 8.6 

Duration of HEC 

experiences 

<1 year  1 1.5 1 1.2 4 4.8 6 2.6 

1-5 years  7 10.8 16 18.8 18 21.7 41 17.6 

5-10 years  12 18.5 6 7.1 10 12.0 28 12.0 

>10 years  26 40.0 32 37.6 11 13.3 69 29.6 

All my life  5 7.7 28 32.9 16 19.3 49 21.0 

Not applicable  14 21.5 2 2.4 24 28.9 40 17.2 

 

Table S3. Asian elephant experts based on country of citizenship 

Involvement in 

work related to 

Asian elephants 

Number of respondents based on citizenship   

Banglad

esh 

Chin

a 

Indi

a 

Indo

nesia 

Malays

ia 

Myan

mar 

Nepa

l 

Sri 

Lank

a 

Thail

and 

Vietna

m Other Total 

IUCN Asian 

Elephant 

Specialist Group 

2 0 4 1 2 0 3 4 0 1 14 31 

Zoo based 

organisation 

housing Asian 

elephants 

0 0 1 0 0 0 0 10 0 0 8 19 

Non-Government 

Organisation -

working on Asian 

elephants 

1 0 17 1 2 1 2 23 0 0 18 65 

Researcher/ 

educator working 

on Asian 

elephants 

4 2 21 0 2 4 4 34 6 2 23 102 

Government 

authority- 

working on Asian 

elephants 

1 0 4 0 0 0 2 16 0 2 2 27 

Total Number of 

experts 

4 2 29 1 3 4 8 70 6 3 28 158 
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Table S4. Socio-economic details of Sri Lankan respondents 

  HEC (n = 195) no-HEC (n = 304) Total (n = 499) 

Item Categories n % n % n % 

District Ampara  18 9.2 1 0.3 19 3.8 
 

Anuradhapura  48 24.6 5 1.6 53 10.6 
 

Badulla  5 2.6 4 1.3 9 1.8 
 

Batticaloa  3 1.5 0 0.0 3 0.6 
 

Colombo  13 6.7 102 33.6 115 23.0 
 

Galle  2 1.0 13 4.3 15 3.0 
 

Gampaha  4 2.1 52 17.1 56 11.2 
 

Hambantota  9 4.6 4 1.3 13 2.6 
 

Jaffna  2 1.0 3 1.0 5 1.0 
 

Kaluthara  2 1.0 18 5.9 20 4.0 
 

Kandy  18 9.2 30 9.9 48 9.6 
 

Kegalle  3 1.5 10 3.3 13 2.6 
 

Kurunegala  8 4.1 17 5.6 25 5.0 
 

Mannar  0 0.0 1 0.3 1 0.2 
 

Matale  3 1.5 5 1.6 8 1.6 
 

Matara  0 0.0 12 3.9 12 2.4 
 

Moneragala  10 5.1 0 0.0 10 2.0 
 

Mullaitivu  0 0.0 1 0.3 1 0.2 
 

Nuwara Eliya  1 0.5 6 2.0 7 1.4 
 

Polonnaruwa  24 12.3 0 0.0 24 4.8 
 

Puttalam  4 2.1 4 1.3 8 1.6 
 

Rathnapura  5 2.6 8 2.6 13 2.6 
 

Trincomalee  8 4.1 4 1.3 12 2.4 
 

Vavuniya  5 2.6 4 1.3 9 1.8 

Ethnicity Burgher  1 0.5 2 0.7 3 0.6 
 

 Muslim  5 2.6 4 1.3 9 1.8 
 

 Sinhala  168 86.2 271 89.1 439 88.0 
 

Tamil  19 9.7 19 6.3 38 7.6 
 

 Other  2 1.0 8 2.6 10 2.0 

Income No income  26 13.3 35 11.5 61 12.2 
 

< Rs 25,000  31 15.9 12 3.9 43 8.6 
 

 Rs. 25,000 - 50,000  66 33.8 67 22.0 133 26.7 
 

 Rs. 50,000- 100,000  37 19.0 80 26.3 117 23.4 
 

Rs1 00,000 - 200,000  23 11.8 57 18.8 80 16.0 
 

>Rs.200,000  12 6.2 53 17.4 65 13.0 
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Table S5. Full question as given in the survey for each item analysed in the study 

Category Question  Item 

Category 1: Causes 

of HEC 

According to your knowledge, rate the likelihood of the 

following as reasons/ causes for human-elephant conflict? 

 

 
Loss of elephant habitats due to natural causes (fire, pest, 

disease, climate change etc) 

1. Habitat loss by natural causes  

 
Humans have encroached elephant habitats 2. Habitat encroachment 

 
Elephant population is increasing 3. Increasing elephant population 

 
Human population is increasing 4. Increasing human population 

 
Unplanned development 5. Unplanned development 

 
Poor land-use planning 6. Poor land-use planning 

 
Agricultural expansion 7. Agricultural expansion 

 
Elephants do not have enough food in the forest  8. Not enough food in forests 

 
Blocking of elephant migratory paths 9. Elephant migratory paths blocked 

 
Elephants are attracted to crops  10. Elephants attracted to crops 

Category 2: 

Importance, 

conservation and 

co-existence 

How well do you agree or disagree with the following 

statements? 

 

Elephants should be protected 1. Elephants should be protected 

Elephants are important part of the ecosystem 2. Important part of the ecosystem 

Elephants are important for the tourism industry and in turn 

develops country's economy 

3. Important for tourism 

Elephant conservation could benefit rural economy through 

eco-tourism  

4. Elephants benefit the rural economy 

Elephants play a very important role in the country's culture 

and religion 

5. Important role in the culture and religion 

 
Elephants are endangered species  6. An endangered species 

 
Humans have taken over elephant habitat 7. Humans taken over elephant habitat 

 
Elephants have taken over human habitats 8. Elephants taken over human habitats 

 
Humans should try to co-exist with elephants 9. Should try to co-exist with elephants 

 
Humans should be removed from elephant habitats 10. Remove humans from elephant habitats 

 
Elephants should be removed from human habitats 11.Remove elephants from human habitats 
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Category Question  Item 

Category 3 

Acceptability of 

HEC mitigation 

tools 

Comparing with the severity of the issue in the country how 

acceptable are the following mitigation methods in an ethical 

and elephant welfare point of view? If you have no opinion 

on any of the below mitigation methods, please select 

"Neutral". 

 

Category 4 

Effectiveness of 

HEC mitigation 

tools 

What do you think of the effectiveness of the following 

methods implemented by the government or practiced by 

farmers in mitigating human elephant conflict?  

If you are not aware of or are not practicing any of the below 

mitigation methods in your country, please select DO NOT 

KNOW. 

 

 
Electric fencing 1.  Electric fencing 

 
Trenches, ditches 2.  Trenches, ditches 

 
Live fences – planting thorny plants like Agave, Bael  3.  Planting thorny plants  

 
Planting unpalatable crops (e.g. citrus plants) 4.  Planting unpalatable crops 

 
Shouting to chase elephants 5.  Shouting  

 
Lighting bon fires 6.  Lighting bon fires 

 
Flashlights 7.  Flashlights 

 
Thunder flashes (Ali wedi),  8.  Thunder flashes 

 
Firecrackers 9.  Firecrackers 

 
Bee fences 10. Bee fences 

 
Smoke 11. Smoke 

 
Restricting elephants to protected areas  12. Restricting to protected areas  

 
Translocation (targeted problem elephants are tranquilised 

and transported to protected areas away from their capture 

site) 

13. Translocation  

 
Translocating problem elephants to wild elephant holding 

grounds 

14. Elephant holding grounds 

 
Elephant drives (elephants are pushed to restricted areas 

using people, vehicles, aircrafts, and sometimes trained 

elephants) 

15. Elephant drives  

 
Official culling of problem elephants 16. Killing problem elephants 

 
Capture and taming problem elephants 17. Taming problem elephants 

 
Tracking elephants with GPS collars and provide early 

warning via mobile messages 

18. GPS collars 

 
Remote sensing using Infrasonic call detectors and provide 

early warning via mobile messages 

19. Infrasonic call detectors 

 
Remote sensing using Geophones and provide early warning 

via mobile messages 

20. Geophones 

 
Providing compensation or insurance schemes 21. Compensation schemes 

 
Sterilising elephants 22. Sterilising elephants 

 
Jaw bombs (makeshift explosives placed in fruits to 

deliberately harm the elephant- Hakka patas) 

23. Jaw bombs 

 
Nail boards 24. Nail boards 

 
Shot guns 25. Shot guns 



150 

 

APPENDIX B: SUPPLEMENTARY INFORMATION FOR 

CHAPTER 4 

Supplementary material for ‘Virtual fencing of captive Asian elephants fitted with an 

aversive geofencing device to manage their movement’ 

 

Preliminary study conducted using the prototype electric shock collar 

 

Methods 

A customised and prototype electronic shock collar was developed to deliver an 

electric stimulus of ~4 kV peak to peak with no resistance, with an energy output of less than 

1/4th the energy delivered from a typical energiser used for electric fences (EFs) in Sri Lanka. 

This collar was tested on two female, adult, captive Asian elephants (Elephant IDs: M4, S1).  

The collar was fitted on the animal with the two electrodes positioned closer to the 

dorsal midline of the elephant’s neck, and the animal was allowed to acclimatise to the collar 

for about 30 min. While observing the elephant carefully, a brief series of electric shocks (~1 

s duration) were then delivered, up to a maximum of four times, with a minimum 2 min rest 

period between each shock. Involuntary and voluntary responses to the shocks were recorded. 

The collar was subsequently removed and the animal’s wellbeing and stress levels were also 

monitored for four consecutive days (results not shown). The device stopped working during 

testing on the second elephant (S1) due to strong tugging and shaking of the device by the 

elephant, or perhaps due to weak communication between the remote control and the collar 

during the experiment. Hence, only two shocks could be delivered to S1 before testing had to 

be discontinued.  

Results and Discussion: 

The two elephants tested during the preliminary study exhibited immediate but short-

term involuntary responses including strong body flinching or muscle twitching. These were 

followed by voluntary agitation behaviours such as shaking the collar; vocalisation and 

locomotory behaviours such as turning 360o; or turning and walking away, forwards, or 

backwards, and also turning and running (Table S1).  
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Table S1. Frequency of visible behavioural responses of two captive Asian elephants (S1 and 

M4) to each shock (n = 6) from the prototype collar. 

Behaviour category Frequency 

Involuntary 6 

Agitation 5 

Locomotory 6 

 

The prototype collar generated stronger responses compared to the dog-training collar 

tested earlier (see main text). The strength of this prototype device may therefore be more 

suitable for wild elephants for whom the milder shock from the dog collar may not be 

sufficient to generate desirable responses. This prototype device may be further modified to 

deliver even more lower voltages and tested on captive elephants to determine a more 

optimum stimuli strength that could be utilized on wild elephants. 
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APPENDIX C: SUPPLEMENTARY INFORMATION FOR CHAPTER 5 

Supplementary information for ‘Welfare impacts associated with using aversive geofencing devices on captive Asian elephants’ 

Table S1. Percentage frequencies (rounded to a whole number) of behaviours shown by elephants during Experiment 1 and Experiment 2 

Elephant 

ID 
 

Pre-experiment days 
 Days of Experiment 1  Days of Experiment 2 

Behaviours  1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 

K1 Feeding 49 50 46 36 45 38  30 31 36 25 43 31     50 54 38 55 37 45 52 45 39 

 Environmental investigation 6 4 7 4 2 7  2 4 0 6 2 3     3 4 7 3 3 3 7 9 9 

 Standing 3 0 0 3 9 6  2 0 4 11 1 1     2 0 2 0 0 0 0 0 2 

 Comfort 26 36 32 51 31 24  44 54 45 33 42 47     37 31 42 30 46 41 27 36 34 

 Social 3 2 1 2 2 3  4 0 0 0 0 1     0 0 0 0 2 0 3 0 2 

 Movement 13 7 11 1 11 20  12 10 12 17 11 16     6 9 9 7 12 10 10 8 12 

 Stereotypy 0 0 0 0 0 0  0 0 0 1 0 0     0 0 0 2 0 0 0 0 0 

 Self-directed behaviours 0 1 3 3 0 2  3 1 3 7 1 1     1 2 2 2 0 0 0 2 2 

 Collar  0 0 0 0 0 0  3 0 0 0 0 0     1 0 0 1 0 1 1 0 0 

 Other 0 0 0 0 0 0  0 0 0 0 0 0     0 0 0 0 0 0 0 0 0 

M1 Feeding 30 34 49 32 27 10  17 37 20 42 24 32              

 Environmental investigation 9 6 4 2 0 19  9 4 9 7 6 3              

 Standing 4 5 2 0 9 3  1 0 0 1 1 0              

 Comfort 46 40 30 53 53 50  49 30 54 30 47 48              

 Social 0 0 1 1 1 2  1 2 1 2 2 1              

 Movement 11 11 12 11 10 13  17 22 10 10 18 14              

 Stereotypy 0 0 0 0 0 0  0 0 0 0 0 0              

 Self-directed behaviours 0 4 2 1 0 2  2 1 4 8 2 2              

 Collar  0 0 0 0 0 0  4 4 2 0 0 0              

 Other 0 0 0 0 0 1  0 0 0 0 0 0              
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Elephant 

ID 
 

Pre-experiment days 
 Days of Experiment 1  Days of Experiment 2 

Behaviours  1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 

M2 Feeding 63 47 20 32 29 29  48 40 30 23 27 46 52 49 22  51 29 43 32 42 48 29 47 54 

 Environmental investigation 4 2 13 17 14 27  10 12 15 27 17 11 24 15 14  1 9 14 9 17 9 14 9 6 

 Standing 2 1 8 2 2 3  2 2 4 6 1 3 2 4 2  2 0 0 0 0 0 3 0 0 

 Comfort 26 38 49 37 37 30  31 22 40 35 39 24 13 24 50  37 51 30 53 37 36 43 42 30 

 Social 0 0 0 2 1 4  1 6 1 0 3 0 0 0 2  0 0 2 0 0 0 1 0 1 

 Movement 5 10 5 5 13 5  7 17 7 5 8 15 7 5 8  7 7 7 4 1 0 6 1 8 

 Stereotypy 0 0 0 0 0 0  0 0 0 0 2 0 0 0 0  0 0 0 0 0 0 0 0 0 

 Self-directed behaviours 0 2 5 5 4 2  1 1 3 4 3 1 2 3 2  2 4 4 2 3 5 4 1 1 

 Collar  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 

 Other 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 2 0 0 0 

M3 Feeding 23 24 45 52 36 21  25 26 30 27 45 40 36 40 26  34 33 44 50 25 29 27 30 26 

 Environmental investigation 10 5 9 3 3 7  5 5 2 7 7 2 9 4 3  4 6 3 5 5 3 4 5 6 

 Standing 1 0 3 1 1 0  0 0 1 6 1 0 1 0 1  0 1 0 0 0 0 0 0 0 

 Comfort 63 63 32 37 54 68  58 64 61 44 41 55 45 53 66  56 56 49 39 63 63 64 62 64 

 Social 0 1 1 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 

 Movement 0 1 3 0 2 0  0 0 0 1 0 1 1 0 0  1 0 0 0 3 1 0 0 0 

 Stereotypy 1 3 2 3 1 1  3 4 3 2 3 0 4 1 2  2 1 1 2 1 1 1 0 2 

 Self-directed behaviours 2 3 5 4 2 3  8 1 2 12 3 1 4 2 2  3 3 3 3 3 3 4 3 2 

 Collar  0 0 0 0 0 0  1 0 1 1 0 1 0 0 0  0 0 0 1 0 0 0 0 0 

 Other 0 0 0 0 1 0  0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 
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Elephant 

ID 
 

Pre-experiment days 
 Days of Experiment 1  Days of Experiment 2 

Behaviours  1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 

M4 Feeding 39 35 52 42    42 51 26 35 28 41 26 56 30  40 55 49 30 35 38 42 30 48 

 Environmental investigation 7 2 3 7    7 3 3 1 8 7 6 7 9  2 6 3 4 4 2 6 5 4 

 Standing 1 0 1 0    3 0 0 0 0 0 0 0 1  0 0 0 0 0 0 0 0 0 

 Comfort 35 47 24 27    24 32 52 49 48 42 54 27 47  37 27 36 52 52 47 39 55 36 

 Social 2 2 0 1    1 0 2 0 1 0 0 2 3  3 0 0 1 0 0 0 0 1 

 Movement 15 12 20 19    8 12 12 13 12 8 12 8 8  13 10 11 8 9 12 12 9 10 

 Stereotypy 0 0 0 0    0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 

 Self-directed behaviours 1 2 0 4    1 0 3 0 1 2 2 0 2  0 1 1 2 0 1 1 1 1 

 Collar  0 0 0 0    14 2 2 2 2 0 0 0 0  5 1 0 3 0 0 0 0 0 

 Other 0 0 0 0    0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 

S1 Feeding 30 30 50 35 25 21  27 44 52 36 47 38     21 41 27 58 56 33 28 55 39 

 Environmental investigation 5 5 17 18 14 16  13 8 8 10 12 12     6 5 10 9 2 0 4 3 7 

 Standing 7 3 1 1 6 6  2 0 0 0 1 1     1 0 0 0 0 0 1 0 0 

 Comfort 37 48 20 20 32 35  26 20 16 22 20 17     63 44 35 18 27 61 51 31 39 

 Social 0 2 1 3 2 2  6 3 3 2 2 3     1 0 2 0 2 0 0 0 2 

 Movement 20 9 9 20 17 16  18 20 16 23 15 26     8 9 20 11 12 6 12 11 11 

 Stereotypy 0 0 0 0 0 0  0 1 1 0 0 0     0 0 0 0 0 0 0 0 0 

 Self-directed behaviours 1 3 2 3 4 4  4 2 3 7 3 3     0 0 6 0 0 0 2 0 2 

 Collar  0 0 0 0 0 0  4 2 1 0 0 0     0 1 0 4 1 0 2 0 0 

 Other 0 0 0 0 0 0  0 0 0 0 0 0     0 0 0 0 0 0 0 0 0 
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Elephant 

ID 
 

Pre-experiment days 
 Days of Experiment 1  Days of Experiment 2 

Behaviours  1 2 3 4 5 6 7 8 9  1 2 3 4 5 6 7 8 9 

S2 Feeding 17 28 51 17 30 52  55 48 52 31 39 41 39 27 33           

 Environmental investigation 11 13 5 13 11 7  5 4 1 7 2 6 2 0 2           

 Standing 1 1 1 2 4 3  2 2 0 4 1 1 1 0 0           

 Comfort 45 34 31 59 28 16  27 34 42 48 49 38 49 68 59           

 Social 1 0 2 0 3 6  1 0 1 1 0 1 2 2 0           

 Movement 19 21 10 7 22 16  8 10 4 8 8 11 7 2 4           

 Stereotypy 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0           

 Self-directed behaviours 5 3 0 2 2 0  2 2 0 1 1 2 0 1 2           

 Collar  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0           

 Other 1 0 0 0 0 0  0 0 0 0 0 0 0 0 0           

S3 Feeding 52 62 34 25 41 35  49 53 37 27 33 28 35 33 33           

 Environmental investigation 5 11 8 13 12 10  5 9 2 4 5 7 6 10 8           

 Standing 1 0 2 6 6 5  0 0 4 3 1 0 1 0 1           

 Comfort 22 18 34 35 15 37  38 29 51 56 44 53 52 46 35           

 Social 2 4 3 7 3 1  3 0 0 2 1 4 0 1 5           

 Movement 15 4 16 12 17 11  3 7 4 8 11 3 5 8 14           

 Stereotypy 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0           

 Self-directed behaviours 3 1 3 2 6 1  2 2 2 0 4 5 1 2 4           

 Collar  0 0 0 0 0 0  0 0 0 0 1 0 0 0 0           

 Other 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0           
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APPENDIX D: SUPPLEMENTARY INFORMATION FOR 

CHAPTER 6 

Supplementary information for ‘Attitudes towards the potential use of aversive 

geofencing devices to manage wild elephant movement’. 

 

Table S1. Socioeconomic details of all respondents analysed in the study 
  

Expert- 

HEC1 

(n=65) 

Expert- no 

HEC1 

(n=93) 

Farmer- 

HEC1 

(n=85) 

Farmer- 

no HEC1 

(n=27) 

Other- 

HEC1  

(n=83) 

Other- no 

HEC1  

(n=258) 

Total 

(n=611) 

Item Categories n % n % n % n % n % n % n % 

Age  18-35 21 32.3 37 39.8 33 38.8 17 63.0 56 67.5 159 61.6 323 52.9 

36-55 35 53.8 38 40.9 31 36.5 7 25.9 20 24.1 66 25.6 197 32.2 

>56 9 13.8 18 19.4 21 24.7 3 11.1 7 8.4 33 12.8 91 14.9 

Gender Female 16 24.6 35 37.6 23 27.1 7 25.9 46 55.4 161 62.4 288 47.1 

Male 49 75.4 58 62.4 62 72.9 20 74.1 37 44.6 97 37.6 323 52.9 

Highest 

education 

qualification  

Primary 0 0.0 0 0.0 3 3.5 0 0.0 0 0.0 3 1.2 6 1.0 

Secondary 4 6.2 5 5.4 18 21.2 6 22.2 9 10.8 27 10.5 69 11.3 

Tertiary 61 93.8 88 94.6 64 75.3 21 77.8 74 89.2 228 88.4 536 87.7 

Religion Buddhism  26 40.0 28 30.1 77 90.6 21 77.8 58 69.9 155 60.1 365 59.7 

Christianity  5 7.7 15 16.1 1 1.2 4 14.8 8 9.6 58 22.5 91 14.9 

Hinduism  18 27.7 12 12.9 6 7.1 1 3.7 10 12.0 19 7.4 66 10.8 

 Islam  3 4.6 6 6.5 0 0.0 0 0.0 3 3.6 7 2.7 19 3.1 

Other  12 18.5 26 28.0 1 1.2 1 3.7 4 4.8 15 5.8 59 9.7 

Not 

applicable  

1 1.5 6 6.5 0 0.0 0 0.0 0 0.0 4 1.6 11 1.8 

Citizenship Bangladesh  1 1.5 3 3.2 0 0.0 0 0.0 0 0.0 1 0.4 5 0.8 

China  0 0.0 2 2.2 0 0.0 0 0.0 0 0.0 0 0.0 2 0.3 

India  12 18.5 17 18.3 1 1.2 1 3.7 2 2.4 15 5.8 48 7.9 

Indonesia  0 0.0 1 1.1 0 0.0 0 0.0 0 0.0 0 0.0 1 0.2 

Malaysia  0 0.0 3 3.2 0 0.0 0 0.0 0 0.0 0 0.0 3 0.5 

Myanmar  1 1.5 3 3.2 0 0.0 0 0.0 0 0.0 1 0.4 5 0.8 

Nepal  7 10.8 1 1.1 0 0.0 0 0.0 1 1.2 1 0.4 10 1.6 

Sri Lanka  31 47.7 39 41.9 84 98.8 26 96.3 80 96.4 239 92.6 499 81.7 

Thailand  5 7.7 1 1.1 0 0.0 0 0.0 0 0.0 1 0.4 7 1.1 

Vietnam  3 4.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 0.5 

Other  5 7.7 23 24.7 0 0.0 0 0.0 0 0.0 0 0.0 28 4.6 
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Expert- 

HEC1 

(n=65) 

Expert- no 

HEC1 

(n=93) 

Farmer- 

HEC1 

(n=85) 

Farmer- 

no HEC1 

(n=27) 

Other- 

HEC1  

(n=83) 

Other- no 

HEC1  

(n=258) 

Total 

(n=611) 

Item Categories n % n % n % n % n % n % n % 

Involvement 

in 

agriculture  

Farmer- 

annual crops  

    
71 83.5 14 51.9 

    
85 13.9 

Farmer- 

perennial 

crops  

    
9 10.6 12 44.4 

    
21 3.4 

 Farmer- 

livestock  

    
5 5.9 1 3.7 

    
6 1.0 

Government 

officer- 

Agriculture  

7 10.8 0 0.0 
    

13 15.7 3 1.2 23 3.8 

Researcher or 

educator- 

Agriculture  

18 27.7 19 20.4 
    

4 4.8 19 7.4 60 9.8 

General 

interest in 

Agriculture  

10 15.4 14 15.1 
    

29 34.9 70 27.1 123 20.1 

 Not 

applicable  

30 46.2 60 64.5 
    

37 44.6 166 64.3 293 48.0 

Involvement 

in work 

related to 

Asian 

elephants 

Member of 

the IUCN2 

Asian 

elephant 

specialist 

group 

11 16.9 20 21.5 
        

31 5.1 

Zoo based 

organisation 

housing 

Asian 

elephants 

8 12.3 11 11.8 
        

19 3.1 

Non-

governmental 

organisation 

working on 

Asian 

elephants 

22 33.8 43 46.2 
        

65 10.6 

Research/ 

educator on 

Asian 

elephants 

38 58.5 64 68.8 
        

102 16.7 

Government 

organisation 

working on 

Asian 

elephants  

19 29.2 8 8.6 
        

27 4.4 

1 HEC:  human-elephant conflict 

2 IUCN: International Union for Conservation of Nature
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Table S2. Personal experience of respondents in human-elephant conflict (HEC) 
  

Expert- HEC 

(n=65) 

Farmer- HEC 

(n=93) 

Other- HEC  

(n=83) 

Total 

(n=233) 

Item Categories n % n % n % n % 

Severity of HEC  No problem 14 21.5 2 2.4 21 25.3 37 15.9 

Minor problem  15 23.1 15 17.6 27 32.5 57 24.5 

Moderate problem  15 23.1 32 37.6 25 30.1 72 30.9 

Major problem  12 18.5 23 27.1 8 9.6 43 18.5 

Serious problem  9 13.8 13 15.3 2 2.4 24 10.3 

Types of problems 

experiences 

Property damage 29 44.6 25 29.4 21 25.3 75 32.2 

Crop damage 38 58.5 77 90.6 52 62.7 167 71.7 

Physical injury 19 29.2 4 4.7 8 9.6 31 13.3 

Death of family member 8 12.3 7 8.2 5 6.0 20 8.6 

Fear 27 41.5 25 29.4 30 36.1 82 35.2 

Damage to livestock 7 10.8 6 7.1 7 8.4 20 8.6 
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Table S3. Full length question of the items analysed in the study 

   Percentage of responses (%) 

Question  Item Responses 

Expert- 

HEC1 

(n=65) 

Expert- 

no HEC1 

(n=93) 

Farmer

- HEC1 

(n=85) 

Farmer

- no 

HEC1 

(n=27) 

Other- 

HEC1  

(n=83) 

Other- 

no HEC1  

(n=258) 

1.    Satellite linked 

shock collars may 

have the potential to 

manage elephant 

movement by acting 

as virtual fences. How 

likely do you think 

elephants would be 

able to learn to relate 

the warning sound 

with the electric shock 

and avoid the shock 

like cattle and sheep?   

Likelihood 

for elephants 

to learn to 

avoid the 

electric 

shocks from 

AGDs2 

Extremely 

unlikely 

4.6 6.5 2.4 0.0 2.4 2.7 

Unlikely 6.2 9.7 5.9 0.0 4.8 2.3 

Neutral 18.5 15.1 23.5 18.5 24.1 24.8 

Likely 61.5 51.6 47.1 55.6 42.2 48.1 

Extremely 

likely 

9.2 17.2 21.2 25.9 26.5 22.1 

2.   How acceptable it 

is to give an electric 

shock to an elephant 

using a GPS collar  

Acceptability 

of using 

AGDs2 on 

elephants 

Unacceptable 13.8 17.2 8.2 3.7 13.3 17.8 

Somewhat 

unacceptable 

12.3 24.7 3.5 7.4 9.6 19.4 

Neutral 18.5 16.1 41.2 37.0 30.1 23.3 

Somewhat 

acceptable 

38.5 26.9 31.8 40.7 36.1 26.7 

Acceptable 16.9 15.1 15.3 11.1 10.8 12.8 

3.   How effective do 

you think satellite 

linked shock collars 

would be in managing 

elephant movement? 

Effectiveness 

of AGDs2 in 

managing 

elephant 

movement 

Ineffective 4.6 8.6 2.4 3.7 4.8 3.9 

Somewhat 

ineffective 

9.2 17.2 7.1 0.0 8.4 2.3 

Neutral 20.0 21.5 29.4 25.9 33.7 26.7 

Somewhat 

effective 

49.2 39.8 41.2 37.0 41.0 43.0 

Effective 16.9 12.9 20.0 33.3 12.0 24.0 

4.   If a pilot study 

using electric shock 

collars is conducted on 

captive elephants and 

is proven that 

elephants do learn to 

avoid shock when they 

hear the warning 

sound, would it then 

be acceptable to be 

tested on wild 

elephants 

Acceptability

, if pilot 

studies on 

captive 

elephants 

have been 

successful 

Unacceptable 7.7 16.1 7.1 0.0 4.8 10.1 

Somewhat 

unacceptable 

6.2 14.0 0.0 11.1 9.6 5.0 

Neutral 21.5 12.9 32.9 11.1 24.1 20.5 

Somewhat 

acceptable 

33.8 31.2 18.8 22.2 28.9 34.5 

Acceptable 30.8 25.8 41.2 55.6 32.5 29.8 

1 HEC:  human-elephant conflict 

2 AGDs: aversive geofencing devices
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Table S4. Selected list of reasons provided by respondents for unacceptability of using 

aversive geofencing devices on elephants 

Theme Examples 

Unethical/ cruel/ 

harmful to elephants 

"Cruelty to animals" 

"It's not a solution I can agree, there has to be a natural way!, culturally not acceptable" 

"No animal should harm during a research. It is against their will" 
 

"Elephants should be left alone without being harmed in the forest. It will endanger their normal 

lives"  
"I disagree with this concept as it would disturb the natural behaviour of elephants. It's no 

different than Jurassic Park T-Rex" 
 

"Cannot approve experimenting on animals to manage everything according to human needs" 
 

"This may violate natural habits of elephants and their senses" 
 

"They should be allowed to live their natural life" 
 

"Male elephant is usually more likely to go closer to human settlements and farm. The shock 

from the collar is something that the elephant cannot control unlike the electric fencing. I am 

afraid the shock will add to stress level of this elephant especially if the male elephant is in 

musth etc"  
"Unethical, inhumane and harmful. Such intrusive techniques on endangered species is 

completely unethical. Firstly this cruel technique would not be able to predict how the elephant 

will respond. It might make the animal more dangerous and uncontrollable." 
 

"Adding tracking collars alone affects the natural behaviour of the elephants. Having a shock 

collar may be effective but it may effect how they behave in the wild. Even when the shock isn't 

present, the sensation of the collar may cause fear and paranoia. In particular when this is put on 

the matriarch, it could affect the stability of the entire herd." 
 

"It may cause cardiac arrest or any other health related issues for the elephant" 
 

"Seems too cruel and controlling" 
 

"I am ethically against doing this to a wild animal." 
 

"This cruel and unethical. There are no problem elephants only problem locations. So site 

specific mitigation measures should be practiced to reduce/manage the human-elephant conflict. 

Just because there is a technology available and someone think this is novel and there is money 

to do this we shouldn't be doing do such tests/research." 
 

"Elephants should be able to live without human influence even without a collar. I will also 

affect the aesthetic beauty" 
 

"GPS electric collars are different from physical barriers such as electric fences. They have the 

potential to cause psychological trauma to elephants by giving the elephant a shock from a 

device which is installed on its own body. It is like installing electric collars on the necks of 

human prisoners." 
 

"Either captive or wild, the elephant has to be anesthetized to place the collar. It is a risk to their 

life. Shocking will affect their natural behaviours." 
 

"Cannot approve harming animals" 
 

"Involving captive elephants is also harmful" 
 

"Shock collars are inhumane, elephants may not understand what happens and may panic and 

aggravate the conflict. Animal right groups should oppose this" 
 

"Wild elephants are not the reason for the beginning of this conflict. The reason is the acts of 

humans. So, punishing and experimenting with using wild elephants is unacceptable and it is 

unethical. Although they are animals, they have the blood and flesh that feel the pain. Therefore, 

experimenting with painful stuff is unacceptable. There should have practical solutions which are 

not painful for elephants as well as for humans. These artificial solutions cannot cure this 

problem." 
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Theme Examples  
"Because the elephant would learn that the sound is a warning signal for the shock, and it would 

constantly be in state of stress/anxiety whether it would get a shock. I believe this is inhumane." 
 

"Shock collars can create fear, anxiety and aggression in animas towards people or other 

animals. They are natural animals so have to let be" 
 

"Electric shock could harm or cause death to the animal, the animals mental health could be 

affected and could act even more aggressively" 
 

"Electric shock could harm the elephants" 
 

"Giving an electric shock to any animal cannot be accepted" 
 

"Animals are innocent, and testing shocks on elephants can harm them," 
 

"No animal should be used for experiment. Animals should be protected" 
 

"There is a possibility that the shock could harm elephants, die or even act aggressively in 

response to the shock" 
  

Would be unfeasible 

or unsuccessful 

"Difficult task" 

"After wearing the collar, the Elephant herd might reject the individual elephant in my opinion 

this method may show some progress but not the solution." 

"Behaviour of captive elephants and wild elephants are different" 

"Because it will ultimately don't work for the wild as well." 

"Pilot tests on captive elephants will be probably successful, such as electric fencing is working 

very well with captive for instance. But it does not prove that the system will be efficient for 

wild ones in search of highly energetic food. Wild elephants may probably learn at the beginning 

but, with time, they could also learn that electric shocks will are a bearable pain (10-15 sec) for 

accessing farmed food, such as elephants learnt to cope with electric fencing. Apart from these 

potential technical limitations, installing permanent collars on wild elephants is highly intrusive 

with non-zero risks when sedating the animal. I don't believe that segregating humans and 

animals is the way to promote co-existence - should be more about land planning, community-

led solutions, etc."  
"Captive elephants behave differently from wild elephants" 

 
"Not effective. Domestic elephants are more fond with people. If they were used, the may be 

adversed." 
 

"Firstly, elephants have to be captured and fitted with collars. These collars will have to stay on 

the elephants permanently unlike other radio collars which can be removed after a certain time. 

Instead of satellite linked collars, one can use trip alarms which will warn the farmers. Trip 

alarm are much cheaper and does not involve the capture of elephants." 
 

"The behavioural patterns of captive elephant may differ from wild elephants. Wild elephants are 

more tolerant to pain that captured ones." 
 

"Captive elephants may not behave the same way as wild elephants 

If electric shock is effective in stopping male elephants then electric fences should also work, but 

it is not the case at present. 

High cost to put collars on many elephants, practical problems in sedating animals, risk to 

humans involved in it.  

Early warning systems through sms or alarm sounds when elephants cross virtual fences would 

be great."   
"Elephant being an intelligent species can also remembers it as a bad memory and can also show 

retaliation unlike captive elephant on which you have experimented and which is also used to 

humans. 

Shock collars are more problematic than fences." 
 

"Captive elephant behaviour is different" 
 

"Captive elephants are different from wild. The direction in which the elephant would move after 

receiving the shock in uncertain. When stressed out the elephant might not know in which 

direction it should move" 
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Table S5. Selected list of feedback received from respondents for potential challenges and 

other comments on aversive geofencing devices 

Theme  Examples 

(1) Stakeholder 

acceptability, support 

and awareness 

"Will be difficult to implement with the government" 

"Culturally not acceptable" 

"Selecting a suitable community to implement this will be difficult, Will need a lot of effort to 

educate and create awareness among people regarding this process.  It will be challenging to 

coordinate between govt authorities, local communities and other institutions to implement this."  

"Adoption of technology by the affected communities" 
 

"Political influence" 
 

"Educating the villagers., Stakeholders must be adequately educated and corporation from the 

govt must be assured."  
"The attitudes of wildlife and environmental activists" 

 
"Employing local workers to see program through, corrupt politicians, local people trying to 

profit through implementation programs"  
 "People living in conflict areas may initially be reluctant to accept this solution. Most of them 

are asking for electric fences. "  
"Animal right activists may oppose" 

 
"Coming into an agreement with the majority, educating villagers regarding the technology" 

 
"Ethical, religious, and cultural issues when implementing" 

 
"Legal issues and consent of the host country" 

 
"If the health and welfare harms of attaching and using an electric shock collar are outweighed 

by the desired effectiveness and benefits, then the ethical questions become once of risk/benefit 

balance. If elephants are considered as having rights, for example in accordance of the five 

freedoms or as 'non-human persons', then you'd probably have to find another way."  
"Animal rights groups will oppose use of this technology" 

 
"The ethical consideration when implementing these methods, specially how to explain them to 

wildlife conservationist and general public who loves elephants. Will governments spend more 

money on such technology that require a lot of investment, considering the cause of the problem 

and the existing methods they are already aware of."  
"One of the key challenges is how the message is communicated to the public (efficacy, risks, 

costs, etc). There are a lot of animal welfare activists these days, which is not wrong, but they 

may not always be practical, or they may not fully understand the issues on the ground. Also, 

this technology may work well for tuskers, but I am not sure about family groups; ie; there are 

no clear matriarchs for family groups in Sabah, Malaysia, based on my observation."  
"Attitude of environmentalists/ animal welfare activists/ community towards elephants being 

subjected to electric shock" training or coordination required for officials/ those who would 

conduct the monitoring  
"Preventing abuse in its use by statutory agencies (following political directive)." 

 
 "Educating the communities about this, coming to an agreement to implement this with the 

government and with the laws and regulation in the country will be difficult"  
"Government support, unwillingness to take risks" 

 
"Education, people need to be educated about this. It also needs to be ethical" 

 
"Government support" 

 
"I think the key challenge will be managing animal rights activists and welfare groups. If an 

international animal rights groups hears of this practice occurring, the proponents will most 

likely experience a high level of online abuse and attacks by westerners. While potentially an 

effective solution, the perceived welfare issues will be very difficult to justify to animal rights 

groups. Animal rights groups are already making elephant conservation very difficult, and 

electric collars will fuel their online abuse (and they will gain more donations). Sadly, this may 

perpetuate the further racism and stereotypes about locals not caring for elephants. For this 

reason, I don't think electric collars are a good idea to mitigate HEC." 
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Theme  Examples  
"Farmers and civilians who live in areas with elephant interactions should be well educated for 

the method to be more effective."  
"Lack of awareness among people" 

 
"Lack of knowledge about this in people in rural areas" 

 
"Legal issues, animal welfare/rights NGO’s that are against any kind of invasive treatment" 

 
"The government should be encouraged for this" 

 
"It can be implemented successfully only if the operational explanation related to the above 

vibration belt is given to the farmers and beneficiaries" 

(2) Safety and 

wellbeing of 

elephants 

"Should use a shock type that does not harm the elephant" 

"Does the satellite link collar endanger the life of the animal" 

"Elephants could be harmed mentally and physically affecting their lifestyles.  Should ensure 

animals safety" 

"The only problem that i have with it is the doubt of safety of the electric collar on the elephant. 

If it were to malfunction it will hurt the animal." 
 

"Would expect minimal harm on elephants" 
 

"Long-term impact on an elephant's behaviour is critical from a conservation point of view." 
 

"Should ensure that the collars do not interfere with elephants physical " 
 

"Poachers may be able to identify animals with their collars" 
 

"Possible harm to elephants due to radiation, its best to see if there are long terms harms to 

elephants"  
"Elephants could be harmed if the shocks are received multiple times" 

 
"The inherent risks of demobilising an elephant " 

 
I think this is a very serious and potentially harmful intrusion into the elephant's bodily 

autonomy and could have a potential to drive them "mad" instead of providing a viable solution.  
 

"Wellbeing of the elephants." 
 

"If elephants crosses all VFs then the action taken should not be harmful to the animal 

There could negative effects on the animal (chances of cancer) due to receiving electric shock for 

long periods" 
 

"Should ensure that it does not harm the elephant. " 
 

"May cause long term effects to the individual, which might not come to light if unnoticed or 

research lacks." 
 

"Giving electric shocks might negatively affect them and might do some damages to their 

nervous system if they frequently subjected to this." 
 

"It is not good for their mental health" 
 

 "Increased stress level of the problem animal, shocks might increase the anger of the animal" 
 

"Harm to elephant during capture" 
 

"There is a risk anaesthetising an elephant and you don't want to do that with a well-behaved 

elephant (especially females)." 
 

"Negative impact on elephant behaviour?" 
 

"Warning collars would be alright as long as there's no physical harm to the animal." 
 

"Ensuring that the pain experienced by the elephant is no greater than that delivered by an 

electric fence i.e. that there is no harm caused to the overall health and life of the animal." 
 

"A safe way needs to be found for placing the collars. Using tranquilisers can be very dangerous 

for elephants and a full risk assessment and method statement needs to be prepared" 
 

"Could it be disadvantageous to an elephant when involved in a fight, Poachers will be able to 

identify animals with the collars," 
 

"I hope this would not impact elephants in a negative way" 
 

"Mental and physical health of elephants" 
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Theme  Examples  
"If a shock/set of shocks is missed when an elephant leaves a designated habitat area, there might 

be a risk of it getting shocks when it tries to re-enter the habitat area, leading to a traumatic and 

painful (and counterproductive) experience; logistics and health risks of repeatedly recapturing 

elephants if the collars need repair/replacement; Collaring younger animals that are still growing 

might risk strangulation, meaning collaring them more than occasionally could lead to a high 

monitoring burden/risk of unconscionable animal welfare costs" 
 

"Should find out if elephants mental health could be affected by this" 
 

"Could be life threatening to elephants" 
 

"Safety of animals" 
 

"Risk to animals during tranquilisation" 
 

"Mental stress to the animal" 
 

"Hope the electric shock from the collar is not life threatening to the elephants." 
 

" Will this shock affect the elephant's body, health and well-being of life in the long term? Is it 

harmful to their nerves, brain or any organ, Is it harmful to their population behaviour (mating, 

selecting a mating partner, competition) Is it changing their ecological behaviour? migration?" 
 

"Could interfere with elephants’ natural behaviour" 
 

"Understanding the negative impact that the collar can cause to the animal" 
 

"Possible health problems that may arise as a result of wearing the collar for a long time. Collars 

should be developed in such a way that it won’t cause any health problems to elephants" 

(3) Logistical 

difficulties 

 "Economically demanding, logistically difficult to conduct." 

"Difficult task" 

"Initial cost" 
 

"High cost" 
 

"It will be very expensive, fixing collars also to animals is also very tough task." 
 

"How do we identify elephants in the wild that usually go to attack villages to put the collars? 

How to capture the wild elephants to wear the collars on their neck?" 
 

"High cost, difficulty in fitting them on elephants" 
 

"Trying to capture wild elephants" 
 

"To capture & fix the satellite linked collar on the wild elephants." 
 

"If a mobile system is included the availability on the phones and rated resources could be scarce 

in the remote areas where the issue is persistent." 
 

"To get proper technical knowledge, proper staffing for elephant handling" 
 

"We can't use collars for every elephant in the heard. Its big challenge for deciding and select 

Elephant to put a collar." 
 

 "This can be only used on a number of elephants, so figuring out which ones to be used will be a 

problem."   
"All the farmers here do not have mobile phones like other countries " 

 
"Elephant behaviours are unique to each area and therefore each area and elephant behaviour 

should be studies before this can be implemented." 
 

"Tranquilizing and fixing the shock collars. 

Monitoring 365 X 24 Hrs." 
 

"Will require lot of effort, many people and a lot of time" 
 

"Identification of key problem animals" 
 

"It will be difficult to put collar for large number of elephants and it would be a costly process" 
 

"It would be cost-prohibitive to use this on a scale that matters for managing elephants. cannot 

be deployed on hundreds of individuals over their lifetimes." 
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Theme  Examples  
"The challenge is to determine the exact location of a virtual electrical fence in a landscape that 

is completely fragmented. In addition, elephants often need to cross people's crops to move from 

one block of protected forest to the next. If this path is cut off with a virtual electrical fence, the 

conflicts will escalate. The underlying issue is not what type of electrical fence could be used, 

but to design an integrated elephant-friendly landscape." 
 

"Fixing the collars on all wild elephants" 
 

"Difficult task to fix collars on wild elephants" 
 

"Capturing wild elephants to install the collars would require a lot manpower." 
 

"Key challenge will be the implementation of the method which needs funding and training 

through workshops." 
 

"Extensive fieldwork and a dedicated team at the initial stage. Finding the problem elephants." 
 

"Applying the collars on elephants is certainly difficult/ dangerous" 
 

"The usual problems of capture and immobilization to fit a collar will exist and the responses of 

animals in the vicinity may also affect further collaring efforts. Until you start, it is difficult to 

determine how many elephants you would need to collar to make a consistent impact and the 

number could be large, if not all."  
"Scaling this up to cover large herds of elephants will be a challenge. For individual elephants, 

this would be somewhat manageable. cost of maintenance of such a system would be 

considerably high"  
"Fitting the collars on wild elephants. Even if it is done only on the matriarch, tranquilizing and 

capturing the matriarch to fit the collars might lead to anti-human feeling in the herd and they 

might want to harm humans in general."  
 

"Defining boundaries for virtual fences without severely compromising land available for 

elephants would be a key challenge especially in areas with no land-use plan. Deciding which 

individuals and how many individuals from a group should be fitted with a collar to effectively 

mitigate the conflict would be challenging." 
 

"Elephant living in a group and you cannot collar all of them but only few. The cost to collar 

elephant is expensive. The habitat need to be improve with proper land use planning, if they 

don't have enough room to live then this technique would certainly will not be effective. 

Combination with all the other mitigation strategies should also be applied." 
 

"Practicality in implementing in large areas with HEC" 
 

"Aside from the animal rights issues, there is the problem of installing electric collars on so 

many animals.  Even if one decides to install the collars only on matriarchs, that is still a large 

number of animals that needs to be collared." 
 

"Expense of doing it at scale, including all the individuals/the right individuals (that might be 

leaders) in a group that participate in conflict; Collaring younger animals that are still growing 

might risk strangulation, meaning collaring them more than occasionally could lead to a high 

monitoring burden/risk of unconscionable animal welfare costs; Once more than a few elephants 

are collared, the government might lack the capacity necessary to properly track them and 

intervene."  
"I think the biggest challenge would be setting criteria of when it would be appropriate to use 

shock collars, and criteria of when it would be inappropriate to use shock collars. There will 

definitely be an element of trial and error, but there still be a robust justification of why to 

conduct the pilot study in a particular location/why you think the pilot study will be most likely 

to succeed in the location you choose."  
"Most wildlife departments and community organizations do not have the resources or technical 

capacity to do this."   
 

"High initial cost, Risk in fixing collars, lack of trained personnel, not enough people with 

experience to implement" 
 

"Identifying the problem elephants would be the primary issue for this approach. We are seeing 

in our tracking data that their movement behaviour are very diverse and identifying problem 

elephants can be challenging than previously thought since the elephants' resource use and 

strategy can change year-by-year." 
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Theme  Examples  
"Coming up with adequate funding for collars and implementation" 

 
"Rural communities may not have smart phones to receive information" 

 
"Financial issues, people with specialist technical knowledge" 

 
"High cost and will require trained people" 

(4) Durability and 

reliable functionality 

of AGDs 

"Prevent damage to the collars in the long-term wear." 

"Long term sustainability of the device, repairing the device, signal errors" 

"Elephants fast learners and intelligent, they will figure out a way to get the collars removed 

from their necks." 

"Elephants can damage the collar" 

"Technical issues with the device" 
 

"Network coverage in rural areas (hoping this system would need internet to communicate)" 
 

"Collars being broken or defects in collars can affect the results" 
 

"Ensuring all elephants have continuously working collars." 
 

"Keeping the collars charged. Weather interferences. Updating collars with elephant growth." 
 

"Natural behaviours/weather/bad maintenance can damage the belt." 
 

"Replacing batteries," 
 

"Elephants might damage it's collar with time." 
 

"What about the durability of this collar? This will be using a power source like a battery to give 

an electric shock and sound alarms. So how long will this last? Most of the time troublesome 

ones are young male elephants, and they tend to fight each other very often. Can that be a 

problem? Can the collars be damaged and stop working? " 
 

"Managing and maintained of the collars, Satellite signals will be disrupted by dense forest, 

cloudy weather and other factors " 
 

"Poor satellite connection and signal issues" 
 

"Due to GPS signal loses in rural areas people will get false information about elephants" 
 

"Collar can be damaged when the elephant goes through the trees and bushes." 
 

"Should be protected from water." 
 

"Durability of the collars. Elephants will take off the collar." 
 

"They'll get used to it" 
 

"Damage to collar during fights, etc" 
 

"Battery life " 
 

"Collars have a battery life, require maintenance (periodic re-collaring), are prone to 

dysfunction, "  
"Durability and duration. Satellite collars are known to fail often. And the batteries have a life. 

How would you address these issues?" 
 

"Chances of elephants removing collars," 
 

"Potential malfunctioning of the technology leaving elephants being shocked permanently or 

inappropriately - both of which might backfire.  Elephants are VERY tough on technology, build 

it very strong & make sure it is fool proof." 
 

"The collars may malfunction and provide shock at other times or provide a shock of higher 

intensity than intended. 

what will happen when the batteries on the collars expire?" 
 

"Elephants are smart and would certainly find the collar as source of pain and try to destroy it" 
 

"Durability of the collar, battery life, elephant behaviour could harm the collar, Elephant might 

find the shock troublesome and try to break the collar" 
 

"Depending on terrain, canopy cover etc., sufficient GPS linkage might be problematic. 

Elephants have tough loose skin, so contact points for electric collar might not make consistent 

connections, all of which might prevent or undo any learned behaviours." 
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"Sometimes they might be able to remove the collars somehow by damaging them, If signalling 

systems are damaged or satellite signals or phone signals are low in some areas, then there might 

be some issues with making people aware about trespassing elephants. " 
 

"Limited lifetime of collar" 
 

"I am afraid of collar malfunction, Elephants are clever and will definitely link the electric 

shocks with the presence of the collar, thus leading to the elephants trying to remove the collar. 

This will be done in a brute force way with the elephant maybe rubbing it against a tree. This 

whole process introduces the possibility of malfunction and raises the probability that the 

elephant will either experience constant noise or constant electrical shocks from the collar. To 

remove the collar will then be another large stressful event for the elephant as it needs sedating. 

The possibility of failure with the collar worries me the most."  
"Battery life. the frequency discharging the electric shock and for how long it would discharge 

shock if animal is not moving from danger zone?" 
 

"Also, the collar lasts only for a little while." 
 

"Regulation of the electric charge" 
 

"Collar failure/signal disable will make harmful to local inhabitants (local people will presume 

they are protected but these satellite signal disable will cause no warning to them resulting in 

causality, I think)"  
"Effectiveness of the GPS in tracking elephants in largely forested areas" 

 
"Durability of the collar – water resistance etc." 

 
"Risk of elephants receiving shocks continuously" 

 
"The continuity of proper functioning of the device without any technical failure/ life span of the 

device? "  
"How the collars are going to be retained by elephants" 

 
"The satellite collars do not last long. The life span of battery has been always challenging to us. 

If your collars can have long lasting battery life, then it would be a game changing intervention 

to minimize HEC."  
"Reliable technological functionality, especially in more remote areas, but in general maintaining 

satellite connectivity at the right times might be a challenge, Battery life could be an issue; 

Elephants might (?) recognize the collar is hurting them and try to damage/remove it" 
 

"In case collars gets removed or detached from elephants’ body, elephants take shelters in areas 

having no satellite connectivity, Satellite linked warning collar may get damaged" 
 

"Weather resistant collars/ durability of collars" 
 

"Battery issues and technical issues of the collar" 
 

"Early warnings might not reach the people properly" 
 

"Developing a reliable collar" 
 

"Communication signals might not work in some areas" 
 

"Durability of the collar, accuracy of collars" 
 

"How to ensure that all collar work successfully" 
 

"How the collars may be affected by weather, Chance of collar removing" 
 

"Satellite connection may break down depending on weather conditions" 
 

"There is also a chance that the collars would get damaged or could get removed, rainwater 

could affect the electric components of the collar" 

(5) Uncertainties in 

wild elephants' 

responses to AGDs 

"Training wild elephants to respond to stimuli from the collars " 

"Herd might reject the collar wearing elephant. That’s the major drawback because Elephant are 

socialized animals" 

"If the heard learn that only matriarch is susceptible for these shocks, they will soon adopt 

against it. Probably make the matriarch wait outside the fenced area while the heard enter 

without getting shocked?"  
"Feel that elephants could habituate to it" 
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"They will find a way to adopt that shock " 

 
" Maybe the elephant will adapt to the electric shock and need to develop a system to increase or 

variable the electric shock where necessary. Behavioural changes due to frequent electric shock. 

As we know, many elephants' habitats and migrating routings are within the human areas."  
"Variable sensitivity to shock from elephant to elephant" 

 
"It is possible that some elephants will continue to raid crops and risk the shock, such as bull 

elephants (esp in musth).  The shock could also cause aggressive behaviour so this also should 

be monitored so no one is in the vicinity and in danger." 
 

"Elephants are extremely smart animals and if you only tracked the matriarch it's likely this 

elephant may learn to avoid human-dominated landscapes, but this may not be the case for the 

rest of the group, who may still incur while the matriarch forages elsewhere." 
 

"However, collar will be attached to one elephant of the herds. I don’t know how rest of the 

member will react to this." 
 

"Habituating to the shock collar, Chances of elephant panicking and acting aggressively in 

response to the shock," 
 

"Terrifying of the elephants leading to human elephant conflict" 
 

"habituation" 
 

"Elephants are absolute genius. They quickly adopt or decode. We can only put on lone tuskers 

or matriarch. So other elephants of the herd can still cause sufficient damage." 
 

"Elephants are intelligent and somewhat unpredictable from our perspective as a different 

species. Individuals varying greatly in their behaviours and reactions ('personalities') and the 

consequence of receiving one or several electric shocks with only locational and auditory, but no 

visual, cues is really unpredictable. Captive animals may not offer much insight, so field tests are 

probably required from the start." 
 

"May aggravate the animal to cause more destruction." 
 

"Elephants can be acclimatized to the electric shock if they are frequently subjected to this, If the 

electric shock is given only to the leader of the herd or few, then the other members might enter 

the villages and do the damage. " 
 

"Over the long term it could have unpredictable behaviour results. Imagine a herd of elephants 

moving towards a border. The matriarch receives a shock and starts moving away. Would that 

behaviour challenge his/her ability to lead the herd? Would it lead to internal conflicts in the 

herd?"  
"Behavioural and thinking patterns difference between captured and wild elephants. " 

 
 "Elephants are intelligent animals and the collar on the matriarch might lead to change in 

behaviour of the herd towards her. Also, once the collared elephant realizes that the shock is not 

really painful and bearing through it helps the herd in fetching food, the method might prove 

ineffective compared to electrical fencing wherein the entire herd gets the electrical shock." 
 

"Based on my experiences, most of wild elephant do tolerate things more than captive elephant, 

so the voltage that use for wild elephant maybe need to be adjusted. Also, I'm not sure whether 

wild elephant will show similar result to captive or not. Anyway, please also be careful, if the 

shock or noise from collar will stimuli the aggressive of the wild elephant." 
 

"It assumes that matriarch or habitual troublemakers will drive other elephants away from the 

danger. In reality this won’t happen. The other non-collared animals will cause HEC, probably to 

a lesser extent? There is a possibility of HEC to be aggravated since electric fences are not 

existing, at least when pilot study is underway with proposed method." 
 

"The boundaries then might also have to have electric fences or something which the elephant 

takes as the reason of shock so he will keep avoiding it after the collar stops working" 
 

"Elephants could also learn to get around the barrier effect over time." 
 

"A word of caution in that elephants are vastly intelligent animals and may not be as acquiescent 

as cattle and sheep. The drive to find food and water currently means that some individuals, even 

mature females, will tolerate the pain of an electric fence to reach it." 
 

"Every Elephant can react in different way. Outcome cannot be generalized." 
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"One will also cause disturbance in the social dynamics of the animals, because the other 

elephants will not understand why the collared matriarch is refusing to go into a certain area. 

They can't understand that the collared matriarch is receiving electric shocks from the collar." 
 

"How will the other elephants react to the elephant wearing the collar, Difference in how 

individual elephants will respond to it." 
 

"In case the elephant breaches the virtual fence, there should be a backup mechanism to mitigate 

the conflict which would arise then." 
 

"Elephants will eventually learn to circumvent it , they have done it every method used by 

humans"  
"There is a risk of elephant's behaviour being influenced/hampered by shocking from installed in 

her/his neck collars that even can provoke more damage to human lives/property," 
 

"Some elephants (a minority) might get habituated" 
 

"The key challenges are the tremendous plasticity in elephant behaviour and their ability to 

adapt.  As with other management techniques, I imagine that for some individual elephants the 

collars might work but perhaps not for all.  Some elephants could potentially become more 

aggressive and go on a rampage after being shocked." 
 

"The time taken for elephants to learn the process" 
 

"Elephants could get aggressive as it disturbs their natural behaviour" 
 

"Since there is no physical barrier, if the elephant panics after the shock it might not be able to 

figure out the direction in which it should move" 
 

"If elephants walk forward ignoring the stimuli it will be difficult to be safe from the elephant" 
 

"This method might not be effective if the elephant gets used to the shock and sound" 

  "Issues with sensitivity of elephants" 
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