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6. General Recommendations for Future Policy, Practices and Research

Recommendation 1. Mitigation hierarchy
Avoidance should be the first and foremost strategy to protect Asian elephants from LTI 
development across range states. Only after all options to avoid key elephant habitats and corridors 
are exhausted should project proponents advance to other mitigation options in the hierarchy: avoid, 
minimize, mitigate, restore and compensate.

Recommendation 2. Nomenclature
Adopt consistent nomenclature for Asian elephant (and other terrestrial wildlife) passage structures 
that are key to mitigating LTI impacts and may take many forms. Suggested terminology includes: 

Underpasses to accommodate below-grade passage encompassing four broad subcategories: 

•	 Bridged underpasses are girder bridges and arch structures up to 50 meters wide and designed 
specifically for wildlife passage. They are most effective when constructed along established 
travel corridors within drainages (Pan et al., 2009); 

6. General Recommendations for 
Future Policy, Practices and Research
The AsETWG offers its professional opinion to better inform adequate protections for Asian elephants 
from existing roads and railways, as well as future LTI projects. The field of transport ecology, 
particularly for Asian elephants, is in its infancy. While so little is understood, new LTI projects are 
currently being developed throughout the landscapes that the iconic species calls home. Much 
more information and cooperation is needed quickly to address issues across the range states. 
For example, the AsETWG is actively developing comprehensive guidelines, based on available 
information, science, and members’ expertise to specifically address passage structure dimensions, 
spacing, approach slopes and the role of fencing and design. The following recommendations are 
provided at this juncture to inspire and enhance action now.

Elephant with radio tracking collar walking the road verge of the East-West Highway in northern Peninsular Malaysia.   
|  ALICIA SOLANA-MENA / MANAGEMENT & ECOLOGY OF MALAYSIAN ELEPHANTS
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•	 Expanded bridges span rivers, streams and wetland areas and exceed 40 meters in width under 
which elephants can pass (minimum 5 meters clearance, preferably higher);

•	 Viaducts are elevated roadways spanning valleys, gorges and wetlands, but are higher and 
longer than expanded bridges as viaducts preserve natural habitats and are very suitable for 
passage; and

•	 Flyovers are extended (up to 10 km or longer), elevated roadways passing over a variety of 
habitats. They have been designed for elephant and tiger passage in protected areas of India, 
with a recommended minimum height of 6-8 meters, span of 50 meters and width of 10-12 
meters (WII 2016). 

Overpasses to accommodate above-grade passage encompass two subcategories: 

•	 Bridged overpasses are girder or arch structures designed specifically for wildlife passage and 
exceed 50 meters wide (Singh and Sharma, 2001; Rajvanshi et al., 2001), or wider for longer 
spans (European “eco-bridges” and/or “ecoducts” are as wide as 100 meters); and

•	 Natural overpasses/tunnels, such as in China, are tunnels for traffic (some up to 765 meters 
long) that have “created” (maintained) natural overpass corridors above highways, which 
elephants prefer to underpasses.  

Recommendation 3: Structural design guidelines
Even with the paucity of data and evaluation of the effectiveness of existing passage structures in 
range states, as well as lack of comprehensive structural design guidelines (height, length, width), 
there is a critical need for integrating elephant passage structures into LTI project planning. Until 
additional insights are gained (e.g., from ongoing underpass monitoring in Bhutan funded by the Asian 
Development Bank), design guidelines should adhere to the precautionary principal and consider 
larger and wider structures. 

Recommendation 4. Siting of crossing locations
The location of elephant crossing structures should be aligned with their historical and current 
movement routes. Crossing sites must be identified based on high-quality, pre-construction data 
collection and evaluation. Locations and investments in mitigation measures must be substantiated 
and validated by high-quality wildlife data.

Recommendation 5. New technologies for mitigation
Support the development and evaluation of promising technologies to mitigate roads and railways, 
including animal detection-driver/manager warning systems and animal detection-adverse 
conditioning devices (e.g., noise, lights).

Recommendation 6. Address the barrier effect
Increase general knowledge about how traffic, both vehicular and train, adversely affects elephants 
as they approach or seek to cross LTI. Take a more systematized approach to monitor the impacts of 
traffic and roadkill across range states, which is important information both for retrofitting existing LTI 
and informing future projects. 

Recommendation 7. Monitor effectiveness
Improve consistent monitoring and data collection, both pre- and post-construction, for LTI projects, 
including before-after-control-impact (BACI) studies conducted to evaluate the design effectiveness of 
mitigation measures implemented for elephants. Future LTI projects should incorporate and fund the 
development of adequate pre- and post-construction monitoring programs to better understand the 
effectiveness of their mitigation plans and designs.

Recommendation 8. Technical information
Collect and disseminate the best available scientific information on the design and deployment 
of mitigation measures for elephants, including methodologies for pre- and post-construction 
wildlife monitoring and mitigation measure evaluation, design specifications that can ensure better 
environmental performance and cost-benefit analysis information.
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Recommendation 9. Economic and cost-benefit studies
Undertake studies of the environmental, social and economic value that Asian elephants generate 
for their communities in the range states to inform decisions that balance the costs of deploying 
mitigation measures with the benefits received through conservation.

Recommendation 10. Foster a professional network
Governments, financiers, engineering and construction firms, consultants and the conservation 
community can increase collaboration to share the best available information for safeguarding 
elephants from LTI development. A network of professionals with representation across the range 
states, joined with global experts and actors in transport ecology, can provide the necessary support 
to address the diverse facets of Asia’s rapidly expanding LTI in elephant habitats.

Male elephant crossing National Highway 209 in Biligiriranganatha Swamy Temple (BRT) Wildlife Sanctuary in southern 
India.  |  SANDEEP KUMAR TIWARI



ADOBE STOCK



PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE     39

References

References 

ADB (Asian Development Bank) (2017). Meeting Asia’s Infrastructure Needs. Manila, Philippines: Asian 
Development Bank. https://doi.org/10.22617/FLS168388-2. 

ADB (2019). Green Infrastructure Design for Transport Projects: A Road Map to Protecting Asia’s 
Wildlife Biodiversity. Manila, Philippines: Asian Development Bank.  
https://doi.org/10.22617/TCS189222. 

Aguirre, A.A. and Sukumar, R. (eds) (2016). Tropical Conservation: Perspectives on Local and Global 
Priorities. Oxford, UK, and New York: Oxford University Press. 

Ahmed, M.S., Haque, M.A., Islam, H. and Motaleb, M.A. (2016). Atlas: Elephant Routes and Corridors 
in Bangladesh. Available at: https://portals.iucn.org/library/node/46572 (Accessed: 14 June 2021). 

Alamgir, M., Campbell, M.J., Sloan, S., Suhardiman, A., Supriatna, J. and Laurance, W.F. (2019). ‘High-
risk infrastructure projects pose imminent threats to forests in Indonesian Borneo’. Scientific Reports 
9(1):140. https://doi.org/10.1038/s41598-018-36594-8. 

Ascensão, F., Fahrig, L., Clevenger, A.P., Corlett, R.T., Jaeger, J.A.G., Laurance, W.F. and Pereira, H.M. 
(2018). ‘Environmental challenges for the Belt and Road Initiative’. Nature Sustainability 1(5):206–209. 
https://doi.org/10.1038/s41893-018-0059-3. 

Asian Elephant Range States (2017a). Asian Elephant Range States Meeting: Final Report, April 
18–20, 2017, Jakarta, Indonesia. Available at: https://elephantconservation.org/iefImages/2018/03/
AsERSM-2017_Final-Report.pdf (Accessed: 14 June 2021). 

Asian Elephant Range States (2017b). The Jakarta Declaration for Asian Elephant Conservation, 
Jakarta, Indonesia, April 20, 2017. Available at: https://www.fws.gov/international/pdf/jakarta-
declaration.pdf (Accessed: 14 June 2021). 

Babińska-Werka, J., Krauze-Gryz, D., Wasilewski, M. and Jasińska, K. (2015). ‘Effectiveness of an 
acoustic wildlife warning device using natural calls to reduce the risk of train collisions with animals’. 
Transportation Research Part D: Transport and Environment 38.  
https://doi.org/10.1016/j.trd.2015.04.021

Backs, J.A.J., Nychka, J.A. and St. Clair, C.C. (2020). ‘Warning systems triggered by trains increase 
flight-initiation times of wildlife’. Transportation Research Part D: Transport and Environment 
87:102502. https://doi.org/10.1016/j.trd.2020.102502. 

Baskaran, N., Balasubramanian, S. and Desai, A. (1995). ‘Home range of elephants in the Nilgiri 
Biosphere Reserve, South India’. In: (J.C. Daniel and H.S. Daty, eds.) A Week with Elephants: 
Proceedings of the International Seminar on Asian Elephants. 

Cai, P. (2017). ‘Understanding China’s Belt and Road Initiative’. Available at: https://www.lowyinstitute.
org/publications/understanding-belt-and-road-initiative (Accessed: 20 February 2021). 

Carter, N., Killion, A., Easter, T., Brandt, J. and Ford, A. (2020). ‘Road development in Asia: Assessing 
the range-wide risks to tigers’. Science Advances 6:eaaz9619.  
https://doi.org/10.1126/sciadv.aaz9619. 

Chartier, P. (2007). ‘THE TRANS-ASIAN RAILWAY’, in Transport and Communications Bulletin for Asia 
and the Pacific, p. 77. Available at: https://www.unescap.org/sites/default/d8files/bulletin77_Article-1.
pdf (Accessed: 14 June 2021). 

Chogyel, K., Dodd, N. and Yangzom, K. (2017). ‘Wildlife use of highway underpasses in southern 
Bhutan’. 2017 Proceedings of the International Conference on Ecology and Transportation, Center for 
Transportation and the Environment. Raleigh, NC, USA: North Carolina State University.

https://doi.org/10.22617/FLS168388-2
https://doi.org/10.22617/TCS189222
https://portals.iucn.org/library/node/46572
https://doi.org/10.1038/s41598-018-36594-8
https://doi.org/10.1038/s41893-018-0059-3
 https://elephantconservation.org/iefImages/2018/03/AsERSM-2017_Final-Report.pdf
 https://elephantconservation.org/iefImages/2018/03/AsERSM-2017_Final-Report.pdf
https://www.fws.gov/international/pdf/jakarta-declaration.pdf
https://www.fws.gov/international/pdf/jakarta-declaration.pdf
https://doi.org/10.1016/j.trd.2015.04.021
https://doi.org/10.1016/j.trd.2020.102502
https://www.lowyinstitute
https://doi.org/10.1126/sciadv.aaz9619
https://www.unescap.org/sites/default/d8files/bulletin77_Article-1.pdf
https://www.unescap.org/sites/default/d8files/bulletin77_Article-1.pdf


40     PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE

References

Clements, R. Rayan, D.M., Ahmad Zafir, A.W., Venkataraman, A., Alfred, R., Payne, J., Ambu, L. and 
Kumar Sharma, D.S. (2010). ‘Trio under threat: can we secure the future of rhinos, elephants and tigers 
in Malaysia?’ Biodiversity and Conservation 19(4):1115–1136.  
https://doi.org/10.1007/s10531-009-9775-3. 

CNA (Channel News Asia) (no date). ‘Endangered Malaysian elephant killed on highway’. Available at: 
https://www. channelnewsasia.com/news/asia/endangered-malaysian-elephant-killed-on-highway-
terengganu-11762208 (Accessed: 25 February 2021). 

CMS (Convention on Migratory Species) (2020a). Concerted Action for the Asian Elephant (Elephas 
maximus indicus). Available at: https://www.cms.int/dugong/sites/default/files/document/cms_cop13_
ca.13.2_e.pdf (Accessed: 14 June 2021). 

CMS (Convention on Migratory Species) (2020b). Improving Ways of Addressing Connectivity in the 
Conservation of Migratory Species. Available at: https://www.cms.int/sites/default/files/document/
cms_cop13_res.12.26_rev.cop13_e.pdf. 

Dasgupta, S. and Ghosh, A.K. (2015). ‘Elephant–railway conflict in a biodiversity hotspot: determinants 
and perceptions of the conflict in Northern West Bengal, India’. Human Dimensions of Wildlife 
20(1):81–94. https://doi.org/10.1080/10871209.2014.937017. 

de la Torre, J.A., Lechner, A.M., Wong, E.P., Magintan, D., Saaban, S. and Campos-Arceiz, A. (2019) 
‘Using elephant movements to assess landscape connectivity under Peninsular Malaysia’s central 
forest spine land use policy’. Conservation Science and Practice 1(12):e133.  
https://doi.org/10.1111/csp2.133. 

Department of Wildlife and National Parks Peninsular Malaysia and Ministry of Natural Resources and 
Environment Government of Malaysia (2013). National Elephant Conservation Action Plan: Blueprint to 
Save Malaysian Elephants. 

Dublin, H., Desai, A., Hedges, S., vie, J-C., Bambaradeniya, C. and Lopez, A. (2006). Elephant Range 
States Meeting. Kuala Lampur. Available at: https://www.fws.gov/International/pdf/report-asian-
elephant-range-states-meeting-2006.pdf (Accessed: 14 June 2021). 

Dulac, J. (2013). Global Land Transport Infrastructure Requirements: Estimating Road and Railway 
Infrastructure Capacity and Costs to 2050. Paris: International Energy Agency. Available at: https://
citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.378.8623&rep=rep1&type=pdf (Accessed: 14 
June 2021). 

Goswami, V.R. et al. (2014). ‘Community-managed forests and wildlife-friendly agriculture play a 
subsidiary but not substitutive role to protected areas for the endangered Asian elephant’. Biological 
Conservation 177:74–81. https://doi.org/10.1016/j.biocon.2014.06.013. 

Hedges, S., Fisher, K. and Rose, R. (2008). Range-wide Mapping Workshop for Asian Elephants 
(Elephas maximus). Report to USFWS. Cambodia. Available at: https://www.fws.gov/international/pdf/
report-asian-elephant-range-wide-mapping-workshop-2008.pdf (Accessed: 30 March 2021). 

Hilty, J.A., Keeley, A.T.H., Merenlender, A.M. and Lidicker Jr, W.Z. (2019). Corridor Ecology, Second 
Edition: Linking Landscapes for Biodiversity Conservation and Climate Adaptation. Washington, DC: 
Island Press. 

Hilty, J., Worboys, G.L., Keeley, A., Woodley, S., Lausche, B.J., Locke, H., Carr, M., Pulsford, I., 
Pittock, J., White, J.W., Theobald, D.M., Levine, J., Reuling, M., Watson, J.E.M., Ament, R. and Tabor, 
G.M. (2020). Guidelines for Conserving Connectivity through Ecological Networks and Corridors. Best 
Practice Protected Area Guidelines Series No. 30. Gland, Switzerland: IUCN.  
https://doi.org/10.2305/IUCN.CH.2020.PAG.30.en. 

Hughes, A.C. (2019) ‘Understanding and minimizing environmental impacts of the Belt and Road 
Initiative’. Conservation Biology 33(4):883–894. https://doi.org/10.1111/cobi.13317. 

https://doi.org/10.1007/s10531-009-9775-3
http://channelnewsasia.com/news/asia/endangered-malaysian-elephant-killed-on-highway-
https://www.cms.int/dugong/sites/default/files/document/cms_cop13_
https://www.cms.int/sites/default/files/document/cms_cop13_res.12.26_rev.cop13_e.pdf
https://www.cms.int/sites/default/files/document/cms_cop13_res.12.26_rev.cop13_e.pdf
https://doi.org/10.1080/10871209.2014.937017
https://doi.org/10.1111/csp2.133
https://www.fws.gov/International/pdf/report-asian-elephant-range-states-meeting-2006.pdf
https://www.fws.gov/International/pdf/report-asian-elephant-range-states-meeting-2006.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.378.8623&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.378.8623&rep=rep1&type=pdf
https://doi.org/10.1016/j.biocon.2014.06.013
https://www.fws.gov/international/pdf/
https://doi.org/10.2305/IUCN.CH.2020.PAG.30.en
https://doi.org/10.1111/cobi.13317


PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE     41

References

IFC (International Finance Corporation) (2012). Performance Standard 6: Biodiversity 
Conservation and Sustainable Management of Natural Resources. Available at: https://www.
ifc.org/wps/wcm/connect/3baf2a6a-2bc5-4174-96c5-eec8085c455f/PS6_English_2012.
pdf?MOD=AJPERES&CVID=jxNbLC0 (Accessed: 25 November 2020). 

IFSI (International Forum on Sustainable Infrastructure) (2017). ‘Integrating Climate Resilience and 
Natural Capital into Transport Infrastructure Planning and Design’. Available at: http://www.gms-eoc.
org/events/forum-on-sustainable-infrastructure- (Accessed: 28 March 2021). 

IEF (International Elephant Foundation) (2020). ‘Asian Elephants’, International Elephant Foundation. 
Available at: https://elephantconservation.org/elephants/asian-elephants/ (Accessed: 15 April 2020). 

IUCN (International Union for Conservation of Nature) (2020). Resolution 071 Wildlife-friendly Linear 
Infrastructure. https://portals.iucn.org/library/sites/library/files/resrecfiles/WCC_2020_RES_071_ 
EN.pdf. (Accessed: 8 March 2021). 

Jakarta Globe (2019). ‘Planning to cruise through Sumatra? Toll road will connect the entire island 
by 2024’. Jakarta Globe, 8 March. Available at: https://jakartaglobe.id/context/planning-to-cruise-
through-sumatra-toll-road-will-connect-the-entire-island-by-2024/ (Accessed: 16 June 2021). 

Joshi, R. and Singh, R. (2011). ‘Unusual behavioural responses of elephants: A challenge for mitigating 
man – elephant conflict in “Shivalik Elephant Reserve”, Northwest India’. International Journal of 
Conservation Science 2:185–198. Available at: http://ijcs.ro/pub/IJCS-11-17-Joshi.pdf (Accessed: 14 
June 2021). 

Laurance, W.F. and Arrea, I.B. (2017). ‘Roads to riches or ruin?’. Science 358(6362):442–444. 
https://doi.org/10.1126/science.aao0312. 

Law of The People’s Republic of China on The Protection of Wildlife (2018). Available at: http://www.
npc.gov.cn/npc/c238/202001/a0d85c00a9a44b7a80fd88f2bb678253.shtml (Accessed: 3 November 
2020). 

Lechner, A.M., Chan, F.K.S. and Campos-Arceiz, A. (2018). ‘Biodiversity conservation should be a core 
value of China’s Belt and Road Initiative’. Nature Ecology & Evolution 2(3):408–409.  
https://doi.org/10.1038/s41559-017-0452-8. 

Leimgruber, P., Gagnon, J.B., Wemmer, C., Kelly, D.S., Songer, M.A. and Selig, E.R. (2003). 
‘Fragmentation of Asia’s remaining wildlands: implications for Asian elephant conservation’. Animal 
Conservation 6(4):347–359. https://doi.org/10.1017/S1367943003003421. 

Liu, P., Wen, H., Harich, F.K., He, C., Wang, L., Guo, X., Zhao, J., Luo, A., Yang, H., Sun, X., Yu, Y., 
Zheng, S., Guo, J., Li, L. and Zhang, L. (2017). ‘Conflict between conservation and development: cash 
forest encroachment in Asian elephant distributions’. Scientific Reports 7(1):6404.  
https://doi.org/10.1038/s41598-017-06751-6. 

Hindustan Times (2019). ‘Longest flyover to protect wildlife at Kaziranga planned’ .Hindustan Times. 
Available at: https://www.hindustantimes.com/india-news/longest-flyover-to-protect-wildlife-at-
kaziranga-planned/story-QgE7k99jT1zP7LAfjR1exM.html (Accessed: 28 November 2020). 

Madhur, S., Wignaraja, G. and Darjes, P. (2009). ‘Roads for Asian Integration: Measuring ADB’s 
Contribution to the Asian Highway Network’, p. 40. Available at: https://www.adb.org/publications/
roads-asian-integration-measuring-adbs-contribution-asian-highway-network (Accessed: 14 June 
2021). 

Menon, V., Ganguly, U., Tiwar, S.K., Stewart-Cox, B., Melidonis, C. and Gandhi, T. (2020). Safe 
Passage, Safe Habitation: Securing the Thirunelli-Kudrakote Elephant Corridor through Voluntary 
Relocation. Conservation Action Report 20200815. Wildlife Trust of India. Available at:  
https://www.wti.org.in/wp-content/uploads/2020/08/Safe-Passage-Safe-Habitation_WTI_Aug-2020.
pdf (Accessed: 14 June 2021). 

https://www.ifc.org/wps/wcm/connect/3baf2a6a-2bc5-4174-96c5-eec8085c455f/PS6_English_2012
https://www.ifc.org/wps/wcm/connect/3baf2a6a-2bc5-4174-96c5-eec8085c455f/PS6_English_2012
http://www.gms-eoc.org/events/forum-on-sustainable-infrastructure-
http://www.gms-eoc.org/events/forum-on-sustainable-infrastructure-
https://elephantconservation.org/elephants/asian-elephants/
https://portals.iucn.org/library/sites/library/files/resrecfiles/WCC_2020_RES_071_
https://jakartaglobe.id/context/planning-to-cruise-through-sumatra-toll-road-will-connect-the-entire-island-by-2024/
https://jakartaglobe.id/context/planning-to-cruise-through-sumatra-toll-road-will-connect-the-entire-island-by-2024/
http://ijcs.ro/pub/IJCS-11-17-Joshi.pdf
https://doi.org/10.1126/science.aao0312
http://www.npc.gov.cn/npc/c238/202001/a0d85c00a9a44b7a80fd88f2bb678253.shtml
http://www.npc.gov.cn/npc/c238/202001/a0d85c00a9a44b7a80fd88f2bb678253.shtml
https://doi.org/10.1038/s41559-017-0452-8
https://doi.org/10.1017/S1367943003003421
https://doi.org/10.1038/s41598-017-06751-6
https://www.hindustantimes.com/india-news/longest-flyover-to-protect-wildlife-at-kaziranga-planned/
https://www.hindustantimes.com/india-news/longest-flyover-to-protect-wildlife-at-kaziranga-planned/
https://www.adb.org/publications/
http://wti.org.in/wp-content/uploads/2020/08/Safe-Passage-Safe-Habitation_WTI_Aug-2020.pdf
http://wti.org.in/wp-content/uploads/2020/08/Safe-Passage-Safe-Habitation_WTI_Aug-2020.pdf


42     PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE

References

Menon, V. and Tiwari, S. K. (2019) ‘Population status of Asian elephants Elephas maximus and key 
threats’. International Zoo Yearbook 53(1):17–30. https://doi.org/10.1111/izy.12247. 

Menon, V., Tiwari, S.K., Ramkumar, K., Kyarong, S., Ganguly, U. and Sukumar, R. (2017). 
Right of Passage: Elephant Corridors in India. Available at: https://www.wti.org.in/wp-content/
uploads/2017/08/pub_right_of_passage-1.pdf (Accessed: 14 June 2021). 

Mongabay (2019). ‘The Pan Borneo Highway on a collision course with elephants’. Available at: 
https://news.mongabay.com/2019/08/coalition-bornean-highway-that-connects-people-protects-
wildlife-is-possible/ (Accessed: 20 November 2020). 

Moss, C. and Poole, J. (1983). ‘Relationships and social structure in African elephants’, in Primate 
Social Relationships: an Integrated Approach, pp. 315–325. Available at: https://www.researchgate. 
net/publication/263654410_Relationships_and_social_structure_in_African_elephants (Accessed: 14 
June 2021). 

Naha, D., Sathyakumar, S., Dash, S., Chettri, A. and Rawat, G.S. (2019). ‘Assessment and prediction 
of spatial patterns of human-elephant conflicts in changing land cover scenarios of a human- 
dominated landscape in North Bengal’. PLOS ONE 14(2):e0210580.  
https://doi.org/10.1371/journal.pone.0210580. 

Neupane, D., Kwon, Y., Risch, T.S., Williams, A.C. and Johnson, R.L. (2019). ‘Habitat use by Asian 
elephants: context matters’. Global Ecology and Conservation 17:e00570.  
https://doi.org/10.1016/j.gecco.2019.e00570. 

NPR.org (2019). ‘What China’s Belt and Road means for elephants in Laos’. Available at: https://www.
npr.org/2019/04/26/717389591/what-chinas-belt-and-road-means-for-elephants-in-laos (Accessed: 
20 November 2020). 

Pan, W., Lin, L., Luo, A. and Zhang, L. (2009). ‘Corridor use by Asian elephants’. Integrative Zoology 
4(2):220–231. https://doi.org/10.1111/j.1749-4877.2009.00154.x. 

Puyravaud, J-P., Cushman, S.A., Davidar, P. and Madappa, D. (2016). ‘Predicting landscape 
connectivity for the Asian elephant in its largest remaining subpopulation’. Animal Conservation 
20(3):225–234. https://doi.org/10.1111/acv.12314. 

Quintero, J.D., Roca, R., Mathur, A. and Shi, X. (2010). ‘Smart green infrastructure in tiger range 
countries’, p. 80. Available at: http://documents1.worldbank.org/curated/en/659031468023351501/ 
pdf/574110WP0EASER10Box353749B01PUBLIC1.pdf (Accessed: 14 June 2021). 

Rajvanshi, A., Mathur, V., Teleki, G. and Mukherjee, S. (2001). ‘Roads, sensitive habitats and wildlife: 
environmental guideline for India and South Asia’. Wildlife Institute of India (WII). Available at: https://
www.academia.edu/24341142/Roads_Sensitive_Habitats_and_Wildlife_Roads_Sensitive_Habitats_
and_Wildlife_Environmental_Guideline_for_India_and_South_Asia (Accessed 14 June 2021). 

Rangaranjan, M., Desai, A., Sukumar, R., Menon, V., Vincent, S., Ganguly, S., Talukdar, B., Singh, B., 
Mudappa, D. and Chowdhury, S. (2010). Gajah. Securing the Future for Elephants in India: The Report 
of the Elephant Task Force, Ministry of Environment and Forests, p. 188. Available at:  
https://www.asesg.org/PDFfiles/2017/Gajah.pdf (Accessed: 14 June 2021). 

Roy, M., Baskaran, N. and Sukumar, R. (2009). ‘The death of jumbos on railway tracks in Northern 
West Bengal’. Gajah 31:4. Available at: https://www.asesg.org/PDFfiles/Gajah/31-36-39-Roy.pdf 
(Accessed: 14 June 2021).

Roy, M. and Sukumar, R. (2017). ‘Railways and wildlife: a case study of train-elephant collisions in 
Northern West Bengal, India’. In: (L. Borda-de-Água, R. Barrientos, P. Beja and H.M. Pereira, eds.) 
Railway Ecology. Cham: Springer International Publishing, pp. 157–177.  
https://doi.org/10.1007/978-3-319-57496-7_10. 

https://doi.org/10.1111/izy.12247
https://www.wti.org.in/wp-content/uploads/2017/08/pub_right_of_passage-1.pdf
https://www.wti.org.in/wp-content/uploads/2017/08/pub_right_of_passage-1.pdf
https://news.mongabay.com/2019/08/coalition-bornean-highway-that-connects-people-protects-wildlife-is-possible/
https://news.mongabay.com/2019/08/coalition-bornean-highway-that-connects-people-protects-wildlife-is-possible/
https://www.researchgate
https://doi.org/10.1371/journal.pone.0210580
https://doi.org/10.1016/j.gecco.2019.e00570
http://NPR.org
https://www.npr.org/2019/04/26/717389591/what-chinas-belt-and-road-means-for-elephants-in-laos
https://www.npr.org/2019/04/26/717389591/what-chinas-belt-and-road-means-for-elephants-in-laos
https://doi.org/10.1111/j.1749-4877.2009.00154.x
https://doi.org/10.1111/acv.12314
http://documents1.worldbank.org/curated/en/659031468023351501/
https://www.academia.edu/24341142/Roads_Sensitive_Habitats_
https://www.academia.edu/24341142/Roads_Sensitive_Habitats_
https://www.asesg.org/PDFfiles/2017/Gajah.pdf
https://www.asesg.org/PDFfiles/Gajah/31-36-39-Roy.pdf
https://doi.org/10.1007/978-3-319-57496-7_10


PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE     43

References

Rudnick, D., Ryan, S., Beier, P., Cushman, S., Dieffenbach, F., Epps, C., Gerber, L., Hartter, J., 
Jenness, J., Kintsch, J., Merenlender, A., Perkl, R., Perziosi, D. and Trombulack, S. (2012). ‘The role of 
landscape connectivity in planning and implementing conservation and restoration priorities’. Issues in 
Ecology 16:1-20. Available at: https://scholars.unh.edu/geog_facpub/19 (Accessed: 14 June 2021). 

Saif, O., Kansky, R., Palash, A., Kidd, M. and Knight, A.T. (2019). ‘Costs of coexistence: understanding 
the drivers of tolerance towards Asian elephants Elephas maximus in rural Bangladesh’. Oryx 
54(5):603–611. https://doi.org/10.1017/S0030605318001072. 

Sarma, U., Easa, P.S. and Menon, V. (2006). Deadly Tracks – A Scientific Approach to Understanding 
and Mitigating Elephant Mortality Due to Train Hits in Assam. Available at: https://wti.org.in/wp-
content/uploads/2017/03/pub_deadly_tracks.pdf (Accessed: 14 June 2021).

Shoshani, J. and Eisenberg, J.F. (1982). ‘Elephas maximus. Mammalian Species’, The American 
Society of Mammalogists. Available at: https://repository.si.edu/bitstream/handle/10088/4414/
Shoshani1982.pdf?sequence=1 (Accessed: 14 June 2021). 

Singh, A.P. and Sharma, R.C. (2001). Conflicts between Linear Developments and Asian Elephants 
in Sub-Himalayan Zone of Uttranchal. Available at: https://escholarship.org/uc/item/7c7135nq 
(Accessed: 14 June 2021).

SNAP Foundation (2020). A Wild Life Project on Wireless Sensor Based Human-Elephant 
Conflict Control Mechanism. Available at: http://www.asianelephantsupport.org/current-projects-
india/2020/2/16/project-report-on-wireless-sensor-based-hec-control-mechanism-w-bengal 
(Accessed: 30 March 2021). 

SCMP (South China Morning Post) (2020). ‘The China-Laos railway: a way out of poverty or a white 
elephant in waiting?’ South China Morning Post, 26 September. Available at: https://www.scmp.com/
magazines/post-magazine/long-reads/article/3102795/china-laos-railway-way-out-poverty-or-white 
(Accessed: 22 November 2020). 

Suksavate, W., Duengkae, P. and Chaiyes, A. (2019). ‘Quantifying landscape connectivity for wild 
Asian elephant populations among fragmented habitats in Thailand’. Global Ecology and Conservation 
19:e00685. https://doi.org/10.1016/j.gecco.2019.e00685. 

Sukumar, R. (2003). The Living Elephants: Evolutionary Ecology, Behaviour, and Conservation. Oxford, 
UK: Oxford University Press. 

Sukumar, R. (2006). ‘A brief review of the status, distribution and biology of wild Asian elephants 
Elephas maximus’. International Zoo Yearbook 40(1):1–8. https://doi.org/10.1111/j.1748- 
1090.2006.00001.x. 

The Economist (2014). ‘Why China is creating a new “World Bank” for Asia’. The Economist 11 
November. Available at: https://www.economist.com/the-economist-explains/2014/11/11/why-china-
is-creating-a-new-world-bank-for-asia (Accessed: 8 October 2020). 

The Wildlife (Protection) Amendment Act of India (2006). Available at: https://legislative.gov.in/sites/
default/files/A1972-53_0.pdf. 

UN/ESCAP (United Nations Economic and Social Commission for Asia and the Pacific) (2014). 
Review of Developments in Transport in Asia and the Pacific 2013: Transport as a Key to Sustainable 
Development and Regional Integration. United Nations. https://doi.org/10.18356/269bec0f-en. 

Vidya, T.N.C. and Sukumar, R. (2005). ‘Social organization of the Asian elephant (Elephas maximus) in 
southern India inferred from microsatellite DNA’. Journal of Ethology 23(2):205–210.  
https://doi.org/10.1007/s10164-005-0144-8. 

https://scholars.unh.edu/geog_facpub/19
https://doi.org/10.1017/S0030605318001072
https://wti.org.in/wp-content/uploads/2017/03/pub_deadly_tracks.pdf
https://wti.org.in/wp-content/uploads/2017/03/pub_deadly_tracks.pdf
https://repository.si.edu/bitstream/handle/10088/4414/
https://escholarship.org/uc/item/7c7135nq
http://www.asianelephantsupport.org/current-projects-
https://www.scmp.com/magazines/post-magazine/long-reads/
https://www.scmp.com/magazines/post-magazine/long-reads/
https://doi.org/10.1016/j.gecco.2019.e00685
https://doi.org/10.1111/j.1748-
https://www.economist.com/the-economist-explains/2014/11/11/why-china-is-creating-a-new-world-
https://www.economist.com/the-economist-explains/2014/11/11/why-china-is-creating-a-new-world-
https://legislative.gov.in/sites/default/files/A1972-53_0.pdf
https://legislative.gov.in/sites/default/files/A1972-53_0.pdf
https://doi.org/10.18356/269bec0f-en
https://doi.org/10.1007/s10164-005-0144-8


44     PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE

References

Wadey, J., Beyer, H.L., Saaban, S., Othman, N., Leimgruber, P. and Campos-Arceiz, A. (2018). 
‘Why did the elephant cross the road? The complex response of wild elephants to a major road in 
Peninsular Malaysia’. Biological Conservation 218:91–98.  
https://doi.org/10.1016/j.biocon.2017.11.036. 

WII (Wildlife Institute of India) (2016). Eco-friendly Measures to Mitigate Impacts of Linear Infrastructure 
on Wildlife. Dehradun, India: Wildlife Institute of India (WII). Available at: https://wii.gov.in/images/
images/documents/eia/EIA_BPG_Report_2017.pdf (Accessed: 12 November 2020). 

Williams, C., Tiwari, S.K., Goswami, V.R., de Silva, S., Kumar, A., Baskaran, N., Yoganand, K. & 
Menon, V. (2020). ‘Elephas maximus, Asian Elephant’, The IUCN Red List of Threatened Species 2020: 
e.T7140A45818198. Available at: https://www.asesg.org/PDFfiles/Asian%20Elephant%20Red%20
List%20Assessment%202020.pdf (Accessed: 25 February 2021). 

WTI (Wildlife Trust of India) (2017). ‘WTI and elephant family organise annual planning-cum-review 
meeting of green corridor champions in Assam’. Available at: https://www.wti.org.in/news/annual-
planning-cum-review-meeting-of-green-corridor-champions-in-assam/ (Accessed: 15 April 2020). 

WWF (World Wildlife Fund) (2020). Asian Elephant, Species. Available at: https://www.worldwildlife.
org/species/asian-elephant (Accessed: 15 April 2020). 

WWF-India (2017). Testing of Early Warning and Animal Repellant System ANIDERS, p. 17. Available 
at: https://aniders.com/wp-content/uploads/2018/09/ANIDERS_Testing_WWF-India.pdf (Accessed: 14 
June 2021).

https://doi.org/10.1016/j.biocon.2017.11.036
https://wii.gov.in/images/images/documents/eia/EIA_BPG_Report_2017.pdf
https://wii.gov.in/images/images/documents/eia/EIA_BPG_Report_2017.pdf
https://www.asesg.org/PDFfiles/Asian%20Elephant%20Red%20
https://www.wti.org.in/news/annual-planning-cum-review-meeting-of-green-corridor-champions-in-
https://www.wti.org.in/news/annual-planning-cum-review-meeting-of-green-corridor-champions-in-
https://www.worldwildlife
https://aniders.com/wp-content/uploads/2018/09/ANIDERS_Testing_WWF-India.pdf


PROTECTING ASIAN ELEPHANTS FROM LINEAR TRANSPORT INFRASTRUCTURE     45

Asian Elephant Transport Working Group (AsETWG) — Building a Network of Experts to Address 
Elephant-LTI Conflicts

The Asian Elephant Transport Working Group (AsETWG) was formed in 2018 as a collaboration 
between the IUCN World Commission on Protected Area’s Connectivity Conservation Specialist Group 
(CCSG) and the IUCN Species Survival Commission’s Asian Elephant Specialist Group (AsESG). 
AsETWG currently has a growing membership of 25+ volunteers working to deliver practical, flexible, 
and science-based solutions that avoid and mitigate threats of LTI to Asian elephants across all 13 
range states. Interested participants are encouraged to volunteer their time and contribute their energy 
and knowledge to ongoing activities. 

To learn more about AsETWG, visit: http://conservationcorridor.org/ccsg/working-groups/asetwg/
To apply for membership, visit: https://conservationcorridor.org/ccsg/membership/ 
For more information, contact: connectivity@largelandscapes.org
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