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Abstract. Sukmasuang R, Phumpakphan N, Deungkae P, Chaiyarat R, Pla-Ard M, Khiowsree N, Charaspet K, Paansri P, Noowong J.
2024. Review: Status of wild elephant, conflict and conservation actions in Thailand. Biodiversitas 25: 1479-1498. This study
comprehensively reviewed various aspects of population status, distribution, conflict situations, and conservation strategies for
managing human-elephant conflicts (HECs). The primary goal is to foster a clear understanding of the current status, issues, and
problem-solving approaches to benefit elephant conservation and management. The key element in elephant conservation is the
acceptance of the coexistence between humans and elephants in their respective areas. Managing overlapping areas between humans and
elephants is crucial for conservation efforts. A major concern is that elephants venture outside protected areas, increasing risk to both
human and elephant populations. Therefore, enhancing the efficiency of conflict management is of the utmost importance to the long-
term survival of elephants. This study revealed that vital approaches for managing elephant populations in Thailand include designating
conservation areas as the foundation for long-term elephant conservation. In addition, habitat management at the population level,
implementing compensation schemes, establishing community-based monitoring groups in conflict areas, improving conflict
management practices, and decentralizing decision-making processes in conservation efforts are critical. Other essential elements of
successful conservation and management in Thailand include setting population targets for elephants in each conservation area, with the
goal of effective management. This was supported by research, community collaboration, decentralization, and performance evaluation
to gauge the success of implemented measures in reducing HECs by assessing the number of conflict incidents and fatalities for both

humans and elephants. This suggests the need for a fundamental reform of the elephant conservation policy.

Keywords: Conservation, habitat management, human-elephant conflict, mitigation strategies, population, Thailand

INTRODUCTION

The alteration of land cover owing to the increasing
demands of the human population, without proper planning
and consideration of its impact on other living organisms,
has led to habitat fragmentation and degradation. This is
the primary cause of human-elephant conflicts (HECs)
(Thouless et al. 2016; Calabrese et al. 2017; Liu et al. 2017;
Kumar et al. 2018; van de Water and Matteson 2018;
Krishnan et al. 2019; Menon and Tiwari 2019; Menon et al.
2022; Karanth and Vanamamalai 2020; Su et al. 2020;
Montez and Leng 2021; Cabral de Mel et al. 2022; Thant et
al. 2022; Belgrano et al. 2023; de Silva et al. 2023). These
challenges have become significant management issues in
wildlife and biodiversity conservation efforts (Neupane et
al. 2017; Billah et al. 2021).

In the remaining areas of Asian elephants in the 13
countries, or within approximately 5% of the total
distribution area in the past (Williams et al. 2020), the
remaining habitat area for wild elephants was only
approximately 22%, protected in the form of conservation

areas. The remaining 78% were areas with various human
uses, including national reserve forests with human
activities, agricultural areas, and settlements and housing
areas (Naha et al. 2020). The demand for natural resources
to meet the increasing needs of the human population has
resulted in conflicts between people and wild elephants
(Goswami et al. 2015). The lack of connectivity between
forest patches, as observed in the past, prevents elephants
from traveling between their original natural habitats
(Sukumar et al. 2016; Menon et al. 2019), which could
have implications for the health and genetic diversity of the
elephant population (Chandranaik et al. 2022).

The review of documents on the status, conflicts, and
conservation of elephants in Thailand aimed to identify
knowledge gaps and enhance our understanding of the
current situation, management strategies, and conflict
resolution between people and elephants (Ahmad Zafir and
Magintan 2016; Shaffer et al. 2019; Kroutnoi et al. 2020;
Montez and Leng 2021; Lim and Campos-Arceiz 2022;
Sajla and Famees 2022). However, the implementation of
these findings in Thailand has been limited. Despite the
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availability of studies related to the ecology, population,
land use, and conflict resolution between people and
elephants, a gap remains in the application of this
knowledge in addressing elephant-related challenges (Chen
et al. 2016; Van de Water and Matteson 2018; Rukdee et
al. 2020; Songmanee et al. 2017). The crucial question is
how to utilize the existing research to address these
challenges effectively. What knowledge is still lacking for
effective elephant conservation, considering the context
and avenues for problem-solving?

In this document review, the important objective was to
understand HEC and provide directions for the coexistence
of people and elephants as a suitable long-term
conservation strategy in Thailand. It aims to create a
framework for document examination to achieve the
defined objectives. Five primary aspects are covered: (i)
the population and distribution of elephants; (ii) the nature
of HEC,; (iii) strategies to reduce HEC, including protection
and conflict mitigation; and (iv) problem prevention,
community engagement, and community empowerment. It
also explores the deep understanding of natural habitat use
for management, leading to long-term conservation goals
(v) for the coexistence of people and elephants.

DATA COLLECTION

Review articles have become increasingly important in
order to stay up-to-date with developments in specific
research areas (Bahishti 2021). A well-crafted review
article offers readers a comprehensive understanding of the
field and highlights key gaps and challenges for future
research (Dhillon 2021). A structured approach to
understanding various aspects of human-wildlife conflict
management, particularly regarding elephants, involves
nine key dimensions: ecology and behavior of wild
elephants; causes of HEC; habitat improvements such as
foraging and saltlick areas; landscape modifications
including the creation of elephant corridors; conditions
leading to conflict and mitigation strategies; coexistence
mechanisms between humans and elephants; conservation
actions for resolving conflict; population management and
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translocation of wild elephants; and the use of fencing as a
mitigation measure. We utilized a comprehensive
framework to categorize the documents, integrating data
from a literature review and field observations. The
literature review involved searching various databases,
such as Scopus, Web of Science, Google Scholar, Google
Books, and the Internet Archive, for references on human-
elephant interactions. The documents were reviewed, and
the study results were analyzed and synthesized based on
thematic topics and various aspects outlined with the main
objectives. The details are presented in Table 1.

CURRENT ELEPHANT POPULATION AND
DISTRIBUTION

Asian elephants inhabit a vast natural range covering
approximately 9 million km? (Williams et al. 2020). Their
distribution has historically extended from the Tigris-
Euphrates River basin in Iraq through countries such as
Turkey and Iran and regions near the Persian and Oman
Gulfs to Southeast Asian countries (Cabral and de Mel et
al. 2022). This range encompasses southern China, the
Yangtze River basin, and various Southeast Asian countries
(Lim et al. 2022), including Sumatra, Java, and Borneo.
According to Williams et al. (2020), who stated that the
current population of Asian elephants is estimated to be
approximately 48,323-51,680 individuals (Menon and
Tiwari 2019), which is similar to that report by Shaffer et
al. (2019), who stated that approximately 41,410-52,345
individuals, which were within their habitat, which spans
approximately 486,800 km? (Menon and Tiwari 2019).
Currently, the distribution of wild elephants in their natural
habitat begins in the western part of India, extends to the
eastern part of Sri Lanka, gradually moving north through
the northern region of India, encompassing countries along
the Himalayan Mountain range, including Nepal, Bhutan,
and eastern India. This distribution also includes
Bangladesh, Myanmar, Thailand, and China in the southern
region and Laos, Cambodia, Vietnam, Malaysia, Sumatra,
and Borneo, totaling 13 countries.

Table 1. The number of publications on thematic topics on Asian elephants concerned

. International  National Thai Author

The study area of interest journal journal  Language team Total
Ecology, population, and behavior of wild elephant 46 11 11 19 57
Causes of human-wild elephant conflict 7 1 1 2 9
Habitat improvement 16 0 0 0 16
Landscape improvement and wild elephant corridor 11 1 1 3 12
Human-wild elephant conflict conditions and mitigation method 16 1 1 1 17
Coexistence between humans and wild elephant 13 1 1 1 14
Conservation action for solving wild elephant conflict 25 3 3 3 28
Wild elephant population management, translocation, and fencing 12 0 0 0 12
People's opinions on wild elephant mitigation 6 4 4 4 10
Total 152 22 22 33 175
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The estimated population of wild elephants ranges from
41,410-52,345 individuals (Menon and Tiwari 2019) within
an approximate area of 486,800 km2 The population
density of wild elephants is estimated to be approximately
0.10 individuals per km? or 10 individuals per 100 km?
(Montez and Leng 2021). Most of the wild elephant
population is found in India, with an estimated 26,000-
29,964 individuals (Baskaran et al. 2011; Koshy 2021,
Montez 2021), accounting for approximately 60% of the
total wild elephant population. They inhabit an area of
approximately 110,000 km? (Baskaran et al. 2018a; 2018b)
across five regions of India.

In contrast, Sri Lanka houses approximately 10% of the
total elephant population but covers only 2% of the overall
distribution range (Williams et al. 2020). A survey
conducted in 2011 found 5,879 elephants, with 60% of
their habitat within the boundaries of Sri Lanka
(Department of Wildlife Conservation: DWC, 2019).
Shrestha and Shrestha (2021) reported that Nepal has an
estimated wild elephant population of 200-250. This
population is distributed in various areas, including Jhapa
in eastern Nepal, the Koshi Tappu Wildlife Reserve,
Sindhuli, Parsa National Park, Chitwan National Park,
Bardiya National Park, and Suklaphanta National Park,
along with adjacent forested areas.

In Bhutan, no established baseline exists for elephant
populations because of the lack of nationwide surveys.
Estimates range from 605 to 761 elephants, with increasing
crop-raiding incidents possibly indicating a stable or
increasing elephant population as uncultivated agricultural
land is forested (Jigme and Williams 2011). Bangladesh
houses an estimated 289-437 elephants, of which
approximately 200 reside exclusively in the country, and
approximately 100-150 have transboundary ranges into
India (Islam et al. 2011). In 2003, the elephant population
was estimated to be 178 based on dung counts, suggesting
a population of 196-227 residents and 83-100 non-residents
(TUCN Bangladesh 2016).

In China, Zhang et al. (2015) reported that the wild
elephant population ranges from 221 to 245 individuals,
whereas Menon and Tiwari (2019) estimated the number to
be approximately 300. Historically, China had a substantial
elephant population that was abundant and widely
distributed along the eastern Yunnan border, particularly
along the Lancang River (Mekong River) in the eastern

part of China. Currently, the remaining elephant
populations are found in the moist forests in the
southernmost part of Yunnan Province, bordering

Myanmar and Laos. These elephants are found in their
native range in Xishuangbanna, northern Pu'er City, and
Lincang City. In Xishuangbanna, the elephant population
consists of approximately 18-23 individuals, primarily
residing in the Nanguanhe National Nature Reserve in
Lincang City near the Burmese border. Pu'er City, located
in the central part of Xishuangbanna, has approximately 34
elephants, including small family groups, three female
subgroups, and two mature bulls. Furthermore, in the
southern part of Xishuangbanna near the Laos border,
elephants are dispersed into three subpopulations within
three provinces: Mengyang, Mengla, and Shangyong
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(Zhang et al. 2015; Liu et al. 2017, Wang et al. 2021).
Wang et al. (2021) reported a remarkable elephant
migration event that occurred from March 2020 to June
2021 when a group of elephants traveled approximately
500 km from Xishuangbanna northward to Kunming City.
This migration is driven by complex changes in weather
patterns, food availability, and the growth of human
settlements along their routes. Historically, elephants in
China have undergone significant migrations, with a
notable migration during the Holocene that took them far
north of the Hwang Ho (Yellow River) basin
approximately 7000 years ago. During the early Holocene,
the warm and wet climate led to abundant natural
vegetation, prompting elephants to move southward toward
Yunnan Province because of urban development,
environmental changes, and ongoing human development
in the region (Wang et al. 2021).

Myanmar has a significant population of Asian
elephants (Songer et al. 2016). These elephants are widely
distributed nationwide, mostly found in five regions.
However, their habitat decreased by 5% (approximately
15,000 km?) between 1992 and 2006 (Songer et al. 2016).
The elephant population in Myanmar, approximately
10,000 in 1935, decreased to less than 2,000 in the early
2000s (Leimgruber et al. 2011). Sampson et al. (2018;
2019) reported an increase in poaching intensity, especially
in the Bago Yoma Mountain range, where they found at
least 19 elephant carcasses, with an additional 40 found in
the same area over two years. Additionally, they observed
the movement of seven satellite-collared elephants over a
continuous distance of approximately 500 km after their
migration.

In Laos, the elephant population is estimated to range
from 600-800 individuals. In the 1980s, approximately
2,000-3,000 elephants were present in the country. A 2008
report suggests approximately 800 elephants (Dubost et al.
2022). Laos's largest number of domesticated elephants is
concentrated in  Xayabouly, = Khammoune, and
Bolikhamxay provinces, although a declining trend has
been observed (Chanthasene et al. 2022). Key elephant
habitats in Laos include the Nakai Nam Theun National
Biodiversity Conservation Area in Khammoune Province,
which covers 4,270 km? (Khounboline 2011).

The wild elephant population in Cambodia was
estimated to range from 250-600 individuals, and the
southern Cardamom-protected forest is a significant
elephant habitat (Maltby and Bourchier 2011), currently
Menon and Tiwari (2019) reported the wild elephant
population in Cambodia ranged 400-600 individuals.
However, limited research has been conducted on elephant
populations in Cambodia.

Nguyen et al. (2022, 2023) estimated the wild elephant
population in Vietnam to be between 100 and 130
individuals, primarily distributed in the western regions
bordering Cambodia and Laos. The Vietnamese
government has identified four key regions critical for
elephant conservation to protect the remaining elephant
population from extinction. A study conducted between
1960 and 2008 revealed that the elephant populations in 11
noteworthy forest areas in Vietnam ranged between 1,223
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and 1,677 individuals. However, the two areas have
experienced elephant population decline and face
extinction unless timely conservation actions are taken.
Dong Nai Province has one of the only two populations
that range entirely within the country, with other
populations shared by either Cambodia or Lao PDR.

In Malaysia, specifically in the national parks of
Selangor and Perlis, four national parks, namely Taman
Negara, Kelantan, Perak, and Johor, saw a significant
increase in elephant numbers. Conversely, elephant
populations in Terengganu and N. Sembilan decreased,
whereas those in Kedah exhibited stability (Saaban et al.
2011; Menon and Tiwari 2019).

The population of Sumatran elephants (Elephas
maximus sumatranus) on the island of Sumatra has
declined since 1931. In the 1980s, the total elephant
population on the island was estimated to be between 2,800
and 5,000 individuals, spread across 44 different areas from
the northern regions of Aceh to the southern areas of
Lampung Province. However, by 2017, the number of
elephants had decreased to 1,694-2,038 individuals,
representing a loss of approximately 50% of the original
population over the past 86 years. The main factors
contributing to the decline of the elephant population
include changes in forest conditions, poaching, wildlife
diseases, environmental pollution, and HECs. The
Indonesian government has classified the Sumatran
elephant as a critically endangered species, highlighting its
importance for conservation (Fadillah et al. 2014).

In Sumatra, the population of elephants was estimated
to be approximately 1,724 individuals in 2014 (WWF
Indonesia 2014) and has been rapidly decreasing due to
habitat loss caused by the expansion of cultivated land.
There are 25 subpopulations, with most elephants
(approximately 85%) residing outside the protected areas
(Sukmantoro et al. 2019). Severe HECs have also occurred
(Desai and Riddle 2015; Mishra et al. 2015; Senthilkumar
2016). Sumatran elephants are considered critically
endangered by the IUCN, similar to elephants in Borneo,
which are also close to extinction (Wahed et al. 2016).
Furthermore, the population of Bornean elephants (Elephas
maximus borneensis) was bottlenecked and separated from
the mainland population at the end of the Pleistocene
epoch, approximately 11,000-18,000 years ago (Sharmar et
al. 2018; 2020; 2021). The Bornean elephant population is
estimated to reach approximately 2,040 (Asian Elephant
Range States Meeting: AERSM 2017). The details are
shown in Table 2.

THE ELEPHANT POPULATION IN THAILAND

Captive elephant

There was evidence of the adoption of wild elephants as
domesticated elephants in human society approximately
4,000 years ago, found in the region of India (Clutton-
Brock 2012). The trend showed that the number of captive
elephants decreased accordingly. In 1997, Vanitha (2010)
reported that the population of Asian elephants in captivity
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in the world was approximately 19,500 elephants. Later,
Sakamoto (2017) and CITES (2021) reported that the
number of Asian elephants in captivity worldwide was
approximately 14,000-15,000, or approximately 1/3 of the
remaining Asian elephant population. Jerang et al. (2020)
found that Burma had the largest population of captive
elephants, between 6,000-7,000 elephants, including India
with 3,600 elephants, Thailand with 3,500-4,000 elephants,
Indonesia with 498 elephants, Lao People's Republic with
446 elephants, Sri Lanka with 253 elephants, etc. (CITES
2021).

Wild elephants have been used as pets in Thailand for
hundreds of years. Before the 19" century, it was reported
that the number of captive elephants in Thailand was more
than 100,000 (Schliesinger 2015). Thitaram (2012)
reported that the captive elephant population in Thailand
was continuously decreasing. From a report that there was
a population of 13,397 elephants in 1951, it decreased to
2,681 elephants in 2001, while Sukmasuang et al. (2013)
reported the number of captive elephants registered with
the Department of Livestock Development was 4,252
elephants. The main cause of the decline of the captive
elephant population in Thailand was that the birth rate of
captive elephants was lower than it should have been
(optimum birth rate). It was also found that there was a
large proportion of older captive elephants in the total
captive elephant population. The number of adult female
elephants that were not reproducing had also increased.
Elephants raised in Thailand were found in 153 elephant
camps in various parts of the country in 51 provinces. Most
of the elephants were raised in places that provided tours
for tourists. The number of captive elephants was found
mainly in the northeastern region (n = 1,390), followed by
the northern region (n = 1,278), the southern region (n =
1,060), and the central region (h = 5,97). Most of
Thailand's captive elephants were old, aged 15-55 years,
especially females. It was found that the age classes of
captive elephants were not distributed evenly among the
various age classes. The structural proportions in the
captive elephant population were 1: 3.07: 10.96: 1.51 in
elephants in the age groups 0-5 years, 5-10 years, 15-55
years, and over 55 years (Sukmasuang et al. 2013; Pla-ard
et al. 2022).

Wild elephant

Thailand has an estimated wild population of 4,013-
4,422 wild elephants inhabiting 32 wildlife sanctuaries, one
non-hunting area, and 38 national parks, totaling 71
protected areas and inhabiting some national forest reserves
(Department of Wildlife National Parks and Plant
Conservation: DNP 2023). Each area has many wild
elephants ranging from fewer than 10 to more than 600
individuals, covering a habitat area of 56,270 km?2
(Sukmasuang 2009; 2014; 2015; 2016; 2018; 2019; DNP
2023). The number of wild elephant populations in
Thailand is based on their primary habitat in the form of
forest complexes consisting of conservation areas with
connected territories. The details are as follows:
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Table 2. A summary of the data on the elephant population, distribution, habitat, and levels of human-elephant conflict in various

countries
Number of wild elephants Habitat area Suitable habitat area  Country area
Range country (min-max) (individuals) Ykm?) in 2015 (km?) )km?) HEC level

India 29,9641 110,000* 82,793 2,973,190 High !
(26,000-28,000) ° 239,056

Nepal 1271 3,227°8 4,750 143,350 High 16
(109-145) * 10,982 12
200-250 16 42,456 16

Bhutan 6831 2,424 1,148 38,140 High 16
(605-761) 1 2,178 4,750

Sri Lanka 58791 36,196 12 22,603 12 61,864 High

Bangladesh 3631 6,770 1,770 130,170 High !
(289-437) 1

China 3001 2,362 135 9,424,702 High
(221-245) 7
(184-205) 1t

Myanmar 3,0001 71,281 36,591 652,790 Moderate *
(2,000-4,000) *

Thai (4,013-4,422) 8 52,415 31,303 510,890 High &1

Lao PDR 5501 22,494 17,716 230,800
(600-800) *

Vietnam 114° 527 515 310,070
(104-130) °

Cambodia 500 ¢ 12,975 12,508 176,520 Moderate *
(400-600)

Indonesia 1,877,519

Sumatra 1,7241 56,033 27,507 Moderate *

Borneo 167 928 928

Malaysia 328,550

Peninsular (1,220-1,460) * 28,649.02 10,682 131,598 Moderate *
(1,223-1,677) © 13,413

Borneo (Sabah) 2,040 18 10,000 5,499 High 18

Kalimantan (60-80) * 12,589 12,007 539,237 Moderate *

Total 43,947 541,640 262,956

Note: Menon and Tiwari (2019); %de la Torre et al. (2022) *Pradhan et al. (2011); “Li et al. (2018); °Cheah and Yoganand 2022; 5Mohd-
Radz et al. 2022; "8DNP (2023) °*Nguyen et al (2022); °Baskaran et al. (2011; 2018a; 2018b); 'Zhang et al. (2015); *?Shrestha and
Shrestha (2021); *van de Water and Matteson (2018); *Su et al. (2020); ‘5Prakash et al. (2020); 'Ram et al. (2021; 2022); "Jigme and

Williams (2011); 8Othman et al. (2013)

(i) The western forest complex (WFC) consisted of 17
conservation areas home to wild elephants, covering an
area of 18,300.41 kmz2 with a total population of 1022 wild
elephants. The main wild elephant populations in the WFC
were in the Huai Kha Khaeng Wildlife Sanctuary, Thap
Salao-Huai Rabam Non-hunting Area, Salakpra Wildlife
Sanctuary, Srinakarin Dam National Park, and Eastern
Thungyai Naresuan Wildlife Sanctuary. The wild elephant
population in the five main areas totaled 757 individuals, or
74% of the total population in the WFC (Sukmasuang
2017; DNP 2023). Wild elephants can travel between these
areas because of their contiguous nature (Suksavet et al.
2023).

(i) The Kaeng Krachan forest complex (KKCFC)
included four contiguous areas, with a combined area of
4089.4 kmz2, but wild elephants were found only in Kaeng
Krachan and Kui Buri National Parks. The total population
of wild elephants, including areas inhabited by wild
elephants, amounts to 600 elephants, covering a total area
of 3884 km? (Sukmasuang et al. 2013; DNP 2023).

(iii) The Dong Phaya Yen Khao Yai Forest Complex
consists of six protected forest areas, with a population of

560 wild elephants living over a total area of 6,193 km.
Most wild elephant populations reside in Khao Yai
National Park, with approximately 300 individuals (Pla-ard
2019; 2021). These elephants occasionally move through
the wildlife corridor between the Khao Yai and Thap Lan
National Parks (Sukmasuang et al. 2020; Pla-ard 2019;
2021; DNP 2023).

(iv) The Phu Khiao Nam Nao Forest Complex
(PKNNFC) comprised 12 conservation areas where wild
elephants lived, covering an area of 1,471.53 km?, with a
total population of 713 wild elephants. Most wild elephant
populations were Phu Khieo, Phu Luang Wildlife
Sanctuaries, and Phu Kradueng National Park. The three
areas had a population of 365 elephants, accounting for
51.19% of the total population of the forest complex. These
three areas are separated into highways, communities, and
agricultural areas (Sukmasuang et al. 2013; DNP 2023).

(v) The Eastern Forest Complex included seven areas
inhabited by wild elephants, such as Khao Ang Rue Nai,
Khlong Krua Wai, Khao Soi Dao Wildlife Sanctuaries,
Khao Sip Ha Chan, Khao Khitchakut, and Khao Chamao
National Parks. Moreover, 534 wild elephants were living
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in this area, with the main habitat in the Ang Rue Nai
Wildlife Sanctuary and contiguous areas, including the
Khao Sip Ha Chan National Park, Khao Soi Dao Wildlife
Sanctuary, Khao Khitchakut National Park, and Khao
Chamao National Park, covering an area of 2,857.2 km2.
The elephant population in Khlong Kaew Waterfall
National Park was a separate population of wild elephants
in this forest complex, with approximately 58 individuals,
covering a total area of 370.11 km? (Menkham et al. 2019;
Sukmasuang et al. 2013; DNP 2023). According to the
DNP (2023), there were 1779 recorded outings outside the
conservation area in the eastern part of Thailand in 2019, of
which 12 elephants were killed and 8 were injured.
Additionally, 20 people died, and nine people were injured.

(vi) The Klongsaeng-Khaosok Forest Complex consists
of nine conservation areas with 350 wild elephants,
covering a combined area of 4,809.64 km2. The Khlong
Saeng Wildlife Sanctuary has a total population of
approximately 100 elephants, followed by the Khlong Yan
Wildlife Sanctuary and Kaeng Krung National Park, which
have 150 animals. The rest of the population was
distributed in the Khlong Nakha Wildlife Sanctuary
(approximately 64 animals), Khuan Mae Yai Mon Wildlife
Sanctuary (60 animals), and other areas. This forest
complex plays a crucial role in the conservation of wild
elephants in the southern part of the country, considering
the wild elephant population and the size of the contiguous
area (Sukmasuang et al. 2013; DNP 2023), as detailed in
Table 3 and Figure 1.

CAUSES OF HUMAN-WILD ELEPHANT
CONFLICT (HEC)

HEC is driven by geographical, socioeconomic, and
ecological factors, reflecting the high complexity of
causalities and contexts (Kopke et al. 2021; 2023). The
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problem of wildlife-human conflict (WHC) is especially
serious when people are killed by wildlife and slaughtered
(Harich et al. 2013; Acharya et al. 2016; 2017; Ling et al.
2016). The consequences of HEC are not only key
conservation concerns but also major socioeconomic and
political issues. With approximately 575-650 human and
380-400 elephant deaths annually in Asia due to HEC,
minimizing this conflict is crucial for effective elephant
conservation (Montez and Leng 2021). Most of these
conflicts were caused by human disturbances such as
development and increased human population, land use
changes from natural to agricultural areas, forest
disturbances, hunting, and climate change. Human-wildlife
conflict arises from an imbalance between economic
development and wildlife conservation (Li et al. 2018;
Jadhav and Barua 2012).

This has eventually led to frequent and violent conflicts
between humans and wildlife. It has become a conservation
focus for protected area management and indigenous
communities in virtually every part of the world (Neupane
et al. 2013; Cook et al. 2015; Goswami et al. 2015; Wilson
et al. 2015; Mumby and Plotnik 2018; Xu et al. 2019).
HEC has been extensively described (Plotnik 2018; Shaffer
et al. 2019; Mekonen 2020) over the past 100 years
(Shaffer et al. 2019). However, despite extensive research
on HEC, mitigation strategies remain largely ad hoc and
site-specific, merely shifting the problem from one area to
another rather than addressing the root cause. Furthermore,
the utilization of forest resources by the local population,
both within the habitat area of wild elephants and in the
surrounding regions, has contributed to conflicts between
people and elephants (Ram et al. 2021). This conflict has
arisen from the direct exploitation of the area (Mariki et al.
2014; Acharya et al. 2016; Lamichhane and Persoon et al.
2018; Mukeka et al. 2019; Naha et al. 2020), as seen in the
past.

Table 3. The number of wild elephants in protected areas and the number of conservation areas where wild elephants live were assessed
in Thailand while considering the forest groups and the level of severity of conflicts between humans and wild elephants by the DNP

(2023)
. Total area Number of protected areas
Forest complex Numbe!’ Of.V\."Id With wild elephants in forest clusters with wild
elephants (individuals) 5
(km?) elephants (areas)

Western 1,022 18,300.41 17
Phu Khieo Nam Nao 713 1,471.53 12
Kaeng Krachan 600 3,884 2
Eastern 592 2,193.11 7
Dong Phayayen-Khaoyai 560 6,193 6
Klongsaeng/Khaosok 350 4,809.64 9
Hala-Bala 145 1,637.18 4
Thung Salangluang 110 2,610 4
Khaoluang-Khaobuntud 100 1,674.90 6
Mae Ping 85 3798 5
Phu Phan-Phu Sa Dog Bua 57 851.50 2
Sri Lanna/Khun Tan/Sri Satchanalai 41 690.39 1
Phanom Dongrak-Phatam 35 350.64 1
Choomporn 31 1,986.64 4
Lumnampai Salawin 14 1,774 3
Total 4,455 52,224.94 83

Source: DNP )2023)
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Figure 1. Conservation area where wild elephants habited
according to the DNP (2023)

Consequently, Asian elephants have been classified as
endangered since 1986 (Williams et al. 2020). Some
elephant populations will be categorized as critically
endangered by the IUCN in 2023, such as elephants in
Bangladesh (Wahed et al. 2016) and Sumatran elephants
(Elephas maximus sumatranus) (Ardiantiono et al. 2021).
Extinct populations of elephants include those in Java and
much of their range in Western Asia, along with most of
the population residing in China (Williams et al. 2020).

Despite being an important keystone species in
ecosystems (Amorntiyangkul et al. 2022) and an iconic
symbol of conservation in large forested areas, Asian and
African elephants have played a vital role as landscape
engineers (Coverdale et al. 2016). Therefore, maintaining
populations is essential for the health of the ecosystem.
However, owing to changes in land cover, natural habitats
being converted into agricultural areas (Abram et al. 2014,
Goossens et al. 2016, Leimgruber et al. 2016) and habitat
disturbance (Chaiyarat et al. 2023), and elephant mortality,
especially due to poaching (Sukmasuang 2009;
Sukmasuang et al. 2013; Thant et al. 2022), their
conservation has faced significant challenges. Currently,
approximately 60% of the Asian elephant population
resides within the boundaries of India, covering an
approximate area of 239,171 km?, particularly in the
western and eastern regions of the country (De et al. 2021).
In contrast, Sri Lanka hosts approximately 10% of the total
Asian elephant population within an area of approximately
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30,000 km?, of which approximately 21,193.4 km? are
conservation areas (Montez and Leng 2021). However, it is
worth noting that over 70% of the elephant population in
Sri Lanka lives outside protected areas (Fernando et al.
2021). The remaining 30% of the Asian elephant
population outside India and Sri Lanka is distributed across
several countries, including Nepal, Bhutan, Bangladesh,
Myanmar, China, Thailand, Laos, Cambodia, Vietnam,
Malaysia, and Indonesia (Menon and Tiwari 2019; Naha et
al. 2020; Williams et al. 2020). Most of these elephants
also inhabit areas outside conservation zones, highlighting
the conservation challenges faced by Asian elephant
populations across their range (Williams et al. 2020).

The cause of the conflict could be summarized as
follows: planting plants near the forest boundary where
wild elephants lived (Thant et al. 2021). The depletion of
crops by herbivores is largely due to scarcity in the nature
and distribution of food and water and the absence of forest
fragmentation (Mukeka et al. 2019). HEC occurs in all
areas where wild elephants live (Tripathy et al. 2021). In
India, there were 2,381 individuals, and 490 elephants died
between 2015 and 2018 due to the HEC (Tripathy et al.
2021), and between 2000 and 2010, 0.5 million households
suffered annual losses due to the encroachment of various
crops by wild elephants (de la Torres et al. 2018). HEC in
India was severe (Majumder 2022), with 400-450 people
dying each year from conflict and 0.8-1.0 million hectares
of agricultural land being damaged. Approximately 10,000-
15,000 houses were destroyed by wild elephants, and 100
elephants were killed each year by the HEC (Chatterjee
2016).

The Government of India compensated approximately
US$19.2 million for crop loss and property damage and
US$5 million for human casualties due to HEC between
2014 and 2018 (Tripathy et al. 2021). Frequent HECs
affect the livelihoods and economies of the local population
(de la Torre et al. 2021), indirectly generating frustration
and fear in the minds of residents and disturbing normal
activities, which ultimately interfere with social life,
economic security, and education (Chakraborty and
Mondal 2013). People cultivate agricultural plant species to
avoid encroachment on farmlands by wild elephants (Naha
et al. 2020). Deliberate electrocution of wild elephants has
been reported (Kalam et al. 2018), and poisons have been
used in conflict areas (Radhakrishnan 2018). A study on
the damage caused by wild elephants in India found
damage from forage on more than 12,000 ha of agricultural
land, with 800-1,000 homes destroyed between 2013 and
2014 (Agarwal 2015).

In addition to accidents, trains passing through wild
elephant habitats pose serious threats to elephant
conservation in India. Roy and Sukumar (2017) reported
that trains in India cut through forests, resulting in
collisions with many wild animals, including elephants.
Between 1987 and 2015, more than 200 elephants were
sacrificed. This was the case in Thailand, where a highway
was built through a protected area inhabited by wild
elephants (Pla-ard et al. 2021) and other wildlife species
(Rattanawanawong et al. 2022). The conflict between
humans and wild elephants in Sri Lanka has occurred with
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increased human population, disturbance of natural areas,
forest fragmentation, and drought (Gunawansa et al. 2023).
Two hundred and fifty wild elephants and 50-70 people die
from conflict every year, and it is likely to become the
world's most severe HEC (Fernando 2015; Fernando et al.
2019; 2021; Gunawardana and Ranawana 2021; Kdpke et
al. 2021 Prakash et al. 2020; Warapitiya et al. 2021).

Prakash et al. (2020) reported that between 2010 and
2019, 14,516 HEC incidents were recorded in Sri Lanka,
resulting in 807 deaths, 579 injuries, 10,532 property
damages, and 2,631 deaths. In 2019 alone, 405 wild
elephants died from HEC in Sri Lanka, and 407 deaths
were reported. Additionally, more than 100 deaths from
HEC are reported annually, with the highest number
reported in the past 50 years. Injuries in humans and
elephants have increased significantly over the past decade.
Conflicts between humans and wild elephants in India and
Sri Lanka have resulted in the deaths of approximately 450
wild elephants and 600 people per year, accounting for 80-
85% of the losses between humans and wild elephants in
Asia (Williams et al. 2020). Gunawansa et al. (2023)
reported that human and elephant deaths due to HEC in Sri
Lanka have increased over the past 30 years. Between 1991
and 2021, 5,954 elephant deaths and 2,111 human deaths
occurred. The highest number of elephant deaths (407) was
recorded in 2019. Regarding HEC mitigation efforts, Sri
Lanka spent USD 2.47 million on electric fences in 2019
and 2020, totaling 4,756 km, as part of HEC mitigation
measures.

In Thailand, HEC occurs in forest clusters with
large populations of wild elephants (Sukmasuang et al.
2022). DNP (2023) reported wild elephant outings in 12
forest clusters across Thailand within 4 years of data
between 2017 and 2020. There were 19,605 wild elephant
outings nationwide, averaging 4,901 times per year. There
were 3,793 reports of damage to crops and property,
including 162 injured and dead people. Ninety-nine wild
elephants died or were injured. The tendency to leave
damaged areas increased accordingly. The Eastern Forest
Complex is the main area of the HEC in Thailand. A total
of 8,997 outings were found, with 111 injured and 46 wild
elephants injured or dead, followed by the Kaeng Krachan
Forest Complex. A total of 6,480 times they left the area,
2,317 times in the Dong Phaya Yen Khao Yai Forest
Complex, and 485 times in the Phu Khieo Nam Nao Forest
Complex, as detailed in Table 4.

MITIGATING CONFLICTS BETWEEN HUMANS
AND WILD ELEPHANTS

The conservation of wild elephants increasingly
depends on the management of HECs (Shaffer et al. 2019).
This was due to the increasing tendency of wild elephants
to roam outside protected agricultural and residential areas
(Wettasin et al. 2022; 2023). The alleviation of human-
wildlife conflicts, especially involving large wild animals
that could be dangerous and damaging (Mekonen 2020),
presents a significant challenge for global wildlife
conservation (Karanth et al. 2013; Madden and McQuinn
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2014; Goswami et al. 2017; Van de Water and Matteson
2018) Wahed et al. (2016) addressed the importance of
continuous research and investigation into the causes of
conflicts between humans and wild elephants. Therefore,
solutions can be formulated to address conflicts by
understanding their evolving nature. This understanding
could help identify measures to reduce the negative impacts
of conflict on humans and wildlife.

Technological innovation can play a crucial role in
reducing conflicts between humans and elephants. The
essential aspect is to conduct small-scale testing of
innovations before scaling them up to assess their impacts
and challenges. These results can be disseminated for
broader benefits. While promoting innovation, it is
important to remember that it is an ongoing process that
requires adapting or improving systems, tools, or
technologies to address new challenges and create them
sequentially. Wahed et al. (2016) summarized the efforts to
reduce conflicts between humans and wild elephants in
Bangladesh, which included the following main strategies:
non-preferred crop cultivation, bio-fencing, solar electric
fencing, trip alarms, chili ropes, watchtowers, salt licks,
plantations in elephant habitats, and elephant response
teams.

The directions for ongoing conflict mitigation include
recognizing and strengthening elephant response teams,
monitoring, maintaining, replicating installed measures,
scaling up nature-based solutions, and building public
awareness and capacity. Nevertheless, the approach to
mitigating human-wildlife conflict generally found that
communities typically employed only a few methods,
which they repeatedly used with minor variations. In
summary, addressing human-wildlife conflict (Osei-Owusu
2018) can be categorized as follows:

1. Protection: Crop protection methods involve
safeguarding crops from wild elephants. These methods
have proven effective in deterring elephants (Gunaryadi et
al. 2017). Crop protection methods can be summarized as
follows:

1.1 The use of traditional
techniques) is divided into:

1.1.1. The use of acoustic deterrents, such as loud
noises generated by firecrackers, is a common practice for
startling and redirecting wild elephants in Thailand. The
severity of the conflict began in 1998 at Khao Yai National
Park, located within the Dong Phaya Yen-Khao Yai Forest
Complex. Rangers employ various methods to deter
elephants, including burning car tires during late evenings,
alternating with crop protection using firecrackers and
guns, and deploying poison bait to instill fear in elephants
(Sukmasuang 2015). Similar measures were taken at the
Phu Khieo Wildlife Sanctuary in Bueng Kan Province, part
of the Phu Phan Forest Reserve, where approximately 40
wild elephants were isolated from other forest areas. Some
elephants venture into the territory of the Lao People's
Democratic Republic, specifically into the Borikhamxay
district, by crossing the Mekong River and foraging in
riverbank areas. However, the construction of the Nong
Khai-Nakhon Phanom Highway disrupted the traditional
paths of elephants, leading to increased conflicts in the

methods (Traditional
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area. In 1991, these conflicts resulted in significant injuries
and casualties among the local population and wild
elephants (Sukmasuang 2003; 2009; Chokchareon and
Sukmasuang 2012).

1.1.2. Establishing physical barrier systems, such as
elephant trenches, and using obstructive materials in wild
elephants' paths played a crucial role in alleviating HECs.
Physical barriers, including electric fences, deep trenches,
stones, and rock walls, have been installed to mitigate
conflicts in areas affected by the spread of elephants in
HECs (Das et al. 2022). Efforts to prevent elephants from
entering agricultural areas and damaging crops and human
settlement areas have employed various barrier methods,
such as electric fences, chili fences, beehive fences, or crop
barrier systems placed on or near the border of rice fields
or villages. The success of these barrier systems varies
(Grange et al. 2022). For instance, elephant trenches were
dug to keep elephants away from certain areas, with the
trenches being approximately 3 m wide at the mouth, 1 m
wide at the bottom, and 2 m deep (Rogers et al. 2023).

In Thailand, trenches spanning approximately 400 km
were excavated in regions within the eastern forest
complex, in the Khao Ang Rue Nai Wildlife Sanctuary, and
the Dong Phayayen-Khao Yai Forest Complex, with a total
length of approximately 105 km (DNP, 2023). While
trenching was conducted to prevent elephants from
foraging in human communities, especially around district
hospitals, electric fencing was used near the trenches. In
areas where elephant trenching was carried out to prevent
elephants from entering human settlements in the western
forest complex, various large herbivores such as gaur,
elephants, and muntjacs were found to forage (Menkham et
al. 2018; 2019), indicating the proximity of human
settlements to wildlife, although the trenches did not
completely prevent elephants from venturing outside the
designated areas (Sukmasuang et al. 2013; Songmanee et
al. 2017; Rakdee et al. 2018).

1.1.3. Culturing certain plant species as vegetative
barriers, characterized by dense and sharp foliage that acts
as an obstacle to the movement of wild elephants, has
proven effective. For instance, bamboo groves were
planted to create barriers in Khao Yai National Park and
Kaeng Krachan National Park (DNP 2023). Planting
unpalatable species within the Acacia genus as a barrier,
where elephants are discouraged from foraging (barrier of
unpalatable crops), creating barrier vegetation, and
establishing buffer zones for elephants were implemented
by defining special management zones radiating from
conservation areas to prevent elephants from venturing
outside the designated areas (DNP 2023). In Khao Yai
National Park, efforts have been made to establish buffer
zones and protect elephants from foraging in human
communities. Electric fencing was used with trenching to
deter elephants, while efforts were also made to plant
unpalatable crops in the buffer zones (Sukmasuang et al.
2013).

1.1.4. The construction of fences as barriers hindering
the movement of wild elephants has been an effective
strategy. Various fences, including electric, elephant-proof,
and fences made from concrete posts combined with steel
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or wires, were used. Electric fences are designed to deter
animals based on shocks they do not recognize, leading to a
psychological response. The source of the electric shock
was not always clear to the animals, which caused them to
exhibit avoidance behavior. Electric fences were primarily
designed to deliver shocks that were not physically harmful
because the electrical energy was similar to that used for
aluminum, which is lightweight and not prone to corrosion.
Therefore, an aluminum wire was chosen instead of steel or
iron (Liefting et al. 2018(. An overall assessment found that
solar-powered electric fences effectively reduced HECs
and protected human lives, crops, and property (Neupane et
al. 2018). Fencing strategies for elephant deterrence can be
divided into non-electric and electric fencing in protected
areas such as the Phu Luang Wildlife Sanctuary
(Sukmasuang et al. 2013), Phu Wua Wildlife Sanctuary
(Chockcharoen and Sukmasuang 2012), and Salak Phra
Wildlife Sanctuary (Reongsomboon and Sukmasuang 2016;
Ainnoi et al. 2021) (DNP 2023). Single-strand fencing was
performed at Kaeng Krachan National Park. Additionally,
beehive fencing was deployed in several locations across
Thailand, where most elephants (70.7%) exhibited
behaviors indicative of alarms upon approaching the
beehive fences (van de Water et al. 2020).

1.2. The use of chemical deterrents, substances capable
of inhibiting elephants, odors that communicate pain, or
targeted compounds such as hormones to induce fear may
be an effective method for deterring elephants. Examples
of chemical deterrents include using substances derived
from fruits like chili peppers (Capsicum deterrent) and chili
briquettes. It was observed that elephants altered their
foraging behavior, shifting from nighttime foraging to
daytime foraging primarily in areas where chili-briquettes
were burned throughout the night (Pozo et al. 2019).
Additionally, substances released from male elephant
musth secretions were tested and found to serve as
deterrents for other elephants potentially. The use of pepper
spray, which consists of tiny droplets of pepper extract,
was also employed (DNP 2023).

2. HEC mitigation involves various approaches and
strategies, as outlined below (Awasthi and Singh 2015):

2.1. Benefit-sharing aligns with the growing emphasis
on community involvement in conservation efforts. Sharing
the benefits of natural resource management is an effective
way to garner greater community support for conservation
activities. Communities may receive a portion of their
income from ecotourism and wildlife conservation
activities, which can be directed toward community
development projects. The concept of benefit sharing is
becoming increasingly important in  community
development.

2.2. Establish problem animal control units (PAC),
which are created to redirect problem elephants back into
conservation areas using loud noises. PAC units may also
collaborate with local community members and provide
local law enforcement or military personnel training to
address HEC. Some PAC units are also tasked with law
enforcement activities related to wildlife in their areas.

2.3. Wildlife tourism can serve as a mechanism to
create incentives through wildlife tourism. This approach
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has proven more effective than direct monetary
compensation or incentives based on wildlife damage. This
is considered an efficient form of generating financial
support  from service-oriented revenue within the
ecotourism sector, as it aligns with the increasingly popular
concept of financial support for effective conservation
practices. This approach is gaining acceptance within local
communities for its conservation efforts (Naeem et al.
2015). These strategies have been explored and employed
to mitigate human and elephant conflicts (HEC) and are
seen as effective conservation and community development
approaches.

2.4, Compensation and insurance schemes have been
extensively studied in the context of general wildlife-
related compensation (Wang et al. 2024). An assessment of
the efficiency of the compensation process is crucial.
Vicitage victims of HEC must file complaints promptly
with the relevant authorities. Proper documentation is
essential to substantiate claims for damaged property.
Claims related to official investigation reports, on-ground
witnesses, and loss assessments by designated forestry
officials are crucial (DNP 2023). Considering that the
frequency and severity of HEC can vary significantly
depending on various factors, it is essential to tailor
mitigation and compensation strategies for regional HEC
patterns, thereby addressing the benefits to both elephants
and humans (Sengupta et al. 2020).

2.5. Translocation is a strategy to mitigate HEC and
conserve important elephant populations. In Sri Lanka,
translocations occur hundreds of times annually.
Translocated elephants often return to their original areas
(Fernando et al. 2012; Tiller et al. 2022). The translocated
elephants exhibited different responses, including returning
to their capture sites (homers), wandering in new areas
(wanderers), and establishing themselves in new areas
(settlers) shortly after release. Translating elephants from
conflict areas can expand the range and increase HEC
severity. Nonetheless, the translocation of elephants for
conservation remains a necessary strategy (IUCN 2013).
Additionally, translocating crop-raiding elephants away
from agricultural or community conflict areas has been
perceived positively by communities, even if the elephants
return to their previous locations, often covering distances
of up to 200 km within a few months (DNP 2023). The
Department of National Parks (DNP 2023) has established
an elephant-holding ground covering an area of
approximately 0.64 km? within the Huai Kha Khaeng
Wildlife Sanctuary since 2013.

2.6. Local land use planning, involving land use and
land cover changes, is a primary driver of HEC (Nad et al.
2022). It is a major cause of biodiversity loss worldwide
and underpins HEC (Neupane et al. 2017; Billah et al.
2021). These land use changes are linked to global
environmental changes (Andualem et al. 2022).
Nevertheless, conflict mitigation between humans and
elephants can occur in small areas because of localized
operational mechanisms, economic conditions, and the
variability of conflict incidents (DNP 2023). Therefore,
addressing the issue of HEC can be achieved within limited
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regions based on mechanisms  and
socioeconomic variables.

3. Prevention Strategy

3.1. Land-use planning based on environmental systems
is an effective way to prevent conflicts. Promlao et al.
(2019) conducted a study using geospatial data and
physical factors influencing elephant habitat selection
within a 5-kilometer radius of the Salakpra Wildlife
Sanctuary. They identified areas with varying degrees of
risk for HECs. They categorized them as follows: low-risk
areas covering 287.65 km?, moderate-risk areas covering
191.28 km?, and high-risk areas covering 404.07 km?,
accounting for 32.58%, 21.66%, and 45.76%, respectively.

This study revealed that sugarcane is the most affected
crop. However, sugarcane cultivation was prevalent due to
its high market value, with the presence of sugar factories
in the region. Farmers employed preventive measures, such
as electric fences and trenches surrounding their fields,
often combined with vigilant monitoring. Rice fields
suffered moderate damage as they were less frequently
monitored and lacked protective measures. In contrast, the
cornfields experienced the least damage because they were
often located near roads with electric fences. This
information can help inform land use planning and conflict
prevention efforts, allowing for a more targeted and
effective approach to mitigating HECs.

3.2 Preventive elephant conflict (PEC) management
through land-use planning consisted of (i) relocating
agricultural activity out of the elephant range, (ii) zoning or
changing the location of crop fields (e.g., to proximity to
dwellings), and (iii) reducing human settlement
encroachment into the elephant range; (iv) cultivating non-
target crops (cultivating non-target crops), such as crops
with a pungent smell, such as pepper, ginger, galangal, and
chili; and (v) increasing productivity per farmer's area
(intensification of agriculture).

3.3 PEC management through land-use planning
includes the following strategies: (i) relocate agricultural
activity out of the elephant range; (ii) implement zoning or
relocate crop fields closer to dwellings; (iii) reduce human
settlement encroachment in elephant ranges; (iv) cultivate
non-target crops, such as crops with strong odors or
spiciness, such as chili, ginger, and galangal; (v) intensify
agricultural production within existing farming areas.

4. Community-based problem-elephant control strategy
(CBPEC)

The CBPEC aims to address HECs with varying
degrees of emphasis, depending on specific circumstances.
The objectives of CBPEC range from reducing conflict
occurrences, mitigating agricultural damage, and enhancing
community acceptance of coexisting elephants to helping
farmers improve their agricultural practices. This can be
achieved by modifying cropping patterns, increasing crop
yields, using improved cultivation techniques, harvesting
efficiently, and reducing the risk of elephant raids. Several
key principles guide the design of CBPEC operations: (i)

operational

cost-effectiveness: CBPEC interventions should be
affordable and sustainable in the long term; (ii)
effectiveness: they should be efficient in deterring

elephants from agricultural areas; (iii) decentralized
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management: CBPEC activities should be community-
driven and managed at the local level; and (iv) availability
of resources: local communities should have access to the
necessary resources. Adaptability: CBPEC strategies
should be flexible and adaptable to the local conditions.
Utilization of multiple methods: Various techniques should
be employed in the CBPEC approach. These strategies
have been employed to address HECs and promote
coexistence where these conflicts occur.

5. Policy and institution

The Department of National Parks, Wildlife, and Plant
Conservation (DNP) in  Thailand has initiated
comprehensive actions to address the issues of wild
elephants within the country, as reported in 2023 (DNP
2023). The measures were based on resolutions set by the
national committee appointed by the Deputy Prime
Minister in October 2022. They were consistently
implemented to urgently mitigate HECs, particularly in the
eastern forest group areas, which faced severe challenges
(see Table 1). The proposed action plan was approved and
implemented to address these problems and achieve
sustainable environmental conservation, community well-
being, and natural resource preservation. Specific strategies
and initiatives include the following:

5.1. Habitat Management for Elephant Conservation:
This involved managing elephant habitats, establishing
water and food sources, and ensuring they were adequate
for maintaining elephants within conservation zones.
Research efforts have expanded to understand the
requirements for habitat management, maintaining
ecological corridors within forest groups, reducing
disturbances such as hunting, forest fires, and tourism, and
addressing animal diseases.

5.2. Elephant-Deterrent Measures: Creating elephant-
proof trenches, electric fences, and beehive fences were
part of the efforts to restrict the movement of elephants
outside their designated areas. These measures were
consistently implemented, especially in the eastern forest
group areas where HECs were prevalent.

5.3. Monitoring and Encouraging the Elephant
Movement: In 2023, 172 monitoring teams comprising five
staff members and the necessary equipment were
established. Simultaneously, 342 community networks
were formed to collaborate in monitoring and encouraging
elephants to return to the conservation areas. These
operations were conducted nationwide to address conflicts
in forest group areas (DNP 2023).

5.4, Assisting Affected Communities: Compensation
was considered for those affected by elephant crop damage,
property loss, injuries, and fatalities. The actions included
improving the legislation for compensation and increasing
compensation amounts.

5.5. Managing Large Elephant-Holding Areas: These
areas were designated as crucial elephant population
centers containing more than 500 individuals for long-term
conservation. Management efforts encompassed landscape-
level planning, ecological corridor development, and
determining suitable elephant populations within each
forest group.
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5.6. Elephant Population Control: As outlined by
Lueders et al. (2017), birth control vaccines were integrated
into the conservation framework. These measures provided
guidelines for management and problem-solving and
emphasized effective land management. The ultimate goals
were to achieve elephant conservation, manage sustainable
elephant populations, reduce HECs, and foster continued
collaborative and sustainable elephant conservation efforts.

Saaban et al. (2020) recommended long-term
management of elephant populations based on the results of
a population viability analysis (PVA) in the Endau Rompin
landscape of Malaysia. This approach focuses on
comprehensive actions, including adequate habitat
management, appropriate deterrence measures, rigorous
law enforcement, and the establishment of ecological
corridors to facilitate elephant movement between areas.
These policies were crucial in accepting the coexistence of
elephants in the region (Guru and Das 2021). Mumby et al.
(2018) reported that research on behavior, ecology, and
cognition has great promise for developing new strategies
to prevent conflicts between humans and wildlife. When
politicians, community leaders, and conservationists
recognize our growing understanding of individuality
within animal species and the need to take both human and
wildlife perspectives in conservation practices, current
approaches to mitigating conflict will evolve away from
short-term stop-gap measures that temporarily avoid
conflict and toward long-term solutions that effectively
prevent it.

HABITAT MANAGEMENT FOR WILD ELEPHANT

Sharma et al. (2020) stated that in suitable elephant
habitat areas, the construction of roads had to be avoided
because of their adverse impact on elephant habitation.
Building roads forced elephants to leave the area.
Furthermore, creating wildlife corridors to connect various
forested areas for elephants, especially in transitional
forested regions, is essential for effective habitat
management (Chaiyarat et al. 2023). In their study,
Yamamoto-Ebina et al. (2016) concluded that roads
affected HEC. Elephants altered their diet near roads,
favoring grasses, implying that roads functioned as large
forest gaps, increasing the availability of grasses and early
successional plants. Feeding elephants near roads has led to
potential conservation conflicts in the form of road
accidents and increased interactions with people. The
identified plant species were associated with the nutritional
needs of the elephants. Adults and subadults consume a
more extensive range of plant species than juvenile
elephants; however, there are no significant differences
between age and sex groups (Abdullah-Fauzi et al. 2022).
Analyzing the movements of 102 elephants equipped with
satellite tracking devices showed that male and female
elephants prefer habitat areas near the edges of protected
forests, especially second-growth forests or forested areas,
newly planted forests, and plantations (Thant et al., 2023).
However, over half of the elephants remained outside the
protected areas, indicating that most inhabited areas with
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lower habitat preferences within these conservation zones
(de la Torre et al. 2022). These findings underscore the
importance of reducing human-induced disturbances in
elephant habitats and highlight the need for effective
management and conservation strategies that promote
human-elephant coexistence. Such strategies should also
address the specific habitat preferences of elephants and
focus on preserving and restoring areas conducive to their
long-term survival.

The study analysis revealed that elephant conservation
strategies are needed to acknowledge that the long-term
survival of elephants depends on promoting coexistence
between humans and elephants in the buffer zones of
protected areas. Elephant conservation should focus on the
following key points: (i) Preserving large-scale
conservation areas with substantial primary elephant
habitats is crucial for long-term elephant survival. (ii)
Promoting connectivity among conservation areas through
wildlife corridors is essential. This can be accomplished by
establishing wildlife pathways (Adams et al. 2017;
Puyravaud et al. 2017; Huang et al. 2019; Ntukey et al.
2022). (iii) Effectively managing HECs outside protected
areas is imperative (de la Torre et al. 2022). Thant et al.
(2023) reported from tracking 25 radio-collared elephants
in Myanmar that factors such as elevation, distance from
water sources, and average annual rainfall significantly
influenced the distribution and suitability of elephant
habitats. They found that elephants utilized disturbed and
degraded forests more than prime elephant habitats. This
leads to more aggressive behavior and increased HEC. This
indicates that human intrusion into elephant habitats
resulted in intensified HEC. Large-sized plantations, areas
with lower conservation status, or those near degraded
forests and water sources should receive prioritized
attention to monitor and reduce HEC and promote habitat
restoration and enrichment to attract elephants back into
these areas. These findings are consistent with those of de
la Torre et al. (2022), who found that elephants prefer
foraging in second-growth forests, open areas, areas under
regeneration, and agroforestry zones, which often act as
transition zones between agricultural and forested regions.
These aspects highlight the significance of addressing
HECs, which severely threaten elephant populations.
Managing salt licks to lure elephants into protected areas,
especially to habitats distant from human settlements, is
another effective approach (Sukmasuang 2009; Pla-ard et
al. 2019; Pla-ard et al. 2021).

Regarding plant species in elephant habitats, local
vegetation such as Lantana camara has been reported to
influence elephant habitat use in the Mudumalai Tiger
Reserve, India (Wilson et al. 2013). In contrast, Sampson et
al. (2018) reported that natural elephants in Sri Lanka were
most abundant in grasslands and were positively correlated
with both herbivore and grass species richness, showing no
significant impact from Lantana camara, a widespread
invasive species. They concluded that natural habitats with
suitable water resources are more critical than invasive
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species. Evidence has shown that water sources in the wild
are more frequent during dry periods (Sukmasuang 2009;
Pastorini et al. 2010). These approaches collectively
reinforce the necessity for effective elephant conservation
and management strategies to preserve elephant habitats,
mitigate HECs, and promote human-elephant coexistence
in shared landscapes.

COEXISTENCE BETWEEN HUMANS AND
ELEPHANT

The 10-year Asian Elephant Action Plan (2020-2029)
was developed collaboratively by all stakeholders, serving
as a guideline for conservation efforts. The plan addressed
four main objectives: (i) Reduce elephant mortality due to
poaching, HECs, and habitat loss. (ii) Creating habitat
connectivity for elephants. (iii) Strengthening the
conservation of captive elephants and reducing conflicts
between humans and wild elephants. (iv) Long-term
monitoring of wild elephants. Key strategies to achieve
these objectives are centered on the coexistence of humans
and elephants in conflict areas. Successful implementation
of these strategies requires mutual understanding,
collaboration, and effective land management within these
regions. Local communities must recognize the benefits of
coexisting with  elephants for  community-based
coexistence. Various methods have been employed, such as
using beehive fences, to protect crops with the added
advantage of honey production (van de Water and
Matteson, 2018). However, the effectiveness of beehive
fences in preventing elephants from entering farmland
varies by region (Dror et al. 2020). Another method used
for short-term deterrence is audio playback to discourage
wild adult male Asian elephants from crop raiding,
providing a cost-effective and humane way to mitigate
HECs (Wijayagunawardane et al. 2016). Using sound cues
to repel elephants in areas facing conflicts has shown
positive results but requires further study (Plotnik and
Jacobson 2022). The concept of coexistence between
humans and elephants has been observed in different
regions, including India, Indonesia (Ardiantiono et al.
2021; Kuswanda et al. 2022), and the Congo (Nsonsi et al.
2018). Therefore, to reduce conflicts between humans and
elephants, the following actions are recommended:

The multi-faceted mitigation test on measurements and
implementation of the most effective ones and enhancing
local involvement through sustainable ecotourism and local
culture conservation. Further research should be conducted
to gain public support for the coexistence of humans and
wildlife. The expansion of elephant habitats into
agricultural areas is a common phenomenon. The distance
from forest boundaries increased when there were more
signs of elephant presence, indicating the need to relocate
elephants from protected areas (Das et al. 2020).



Table 4. Records of wild elephants leaving the area, damage to life and property, injury and death of people, and wild elephants. Levels of human-elephant conflict in Thailand, 2017-2020

Number of events roaming out of the

Number of event damages to crops

Number of people injured and Number of injured and dead

cF(;)r;e;Itex protected area and property elephants ||_(|35ecl:

2017 2018 2019 2020 > 2017 2018 2019 2020 > 2017 2020 > 2017 2018 2019 2020 >
EF 2,361 2,463 2,311 1,862 8,997 426 709 156 127 1,418 34 29 111 9 10 19 8 46 High
KK 871 779 2706 2124 6,480 62 207 133 95 497 5 0 2 3 10 0 0 3 4 7  Moderate
DPYK 348 1,102 517 350 2,317 177 413 178 848 17 0 3 0 20 1 1 13 2 17 High
PKNN 215 110 101 59 485 211 24 30 324 4 1 0 3 8 5 1 2 2 10 High
WF 60 224 116 84 484 32 26 60 196 1 3 3 3 10 1 2 2 0 5 Moderate
KLKB 6 84 95 99 284 9 67 49 127 0 0 1 0 1 0 0 0 2 2 Moderate
KSKS 10 35 23 96 164 8 11 74 94 0 0 0 0 0 0 1 1 1 3 Moderate
HLBL 25 59 46 22 152 29 24 10 63 1 0 1 0 2 1 0 2 1 4 Moderate
SLKTSS 64 41 13 21 139 80 19 23 132 0 0 0 0 0 0 0 1 0 1 Low
CcpP 0 0 49 5 54 0 46 5 51 0 0 0 0 0 0 0 0 0 0 Low
PDPT 6 4 15 13 38 0 2 18 43 0 0 0 0 0 0 0 0 0 0 Low
PPPSDB 0 9 2 0 11 0 0 0 0 0 0 0 0 0 0 3 1 0 4 Moderate
Total 3,966 4910 5994 4,735 19,605 1,034 1,169 921 669 3,793 62 38 162 17 18 44 20 99

Note: DNP (2023); EF: Eastern Forest; KKCF: Kaeng Krachan; DPYK: Dong Phayayen-Khaoyai; PKNN: Phu Khieo Nam Nao; WF: Western; KLKB: Khaoluang-Khaobuntud; KSKS:
Klongsaeng/Khaosok; HLBL: Hala-Bala; SLKTSS: Sri Lanna/Khun Tan/Sri Satchanalai; CP: Choomporn; PDPT: Phanom Dongrak-Phatam; PPPSDB: Phu Phan-Phu Sa Dog Bua
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However, the reasons for elephants venturing out of
protected areas include natural behaviors, such as exploring
open areas, searching for food, and learning. Additionally,
factors such as human disturbances, droughts, forest fires,
and the presence of non-native plant species (for example,
Mimosa diplotricha var. inermis, Rosa multiflora, and
Lantana camara) can affect the quality of elephant habitats
and food sources within protected areas, leading them to
forage outside (Kariyawasam et al. 2020; Sukumar et al.
2020). Chandran et al. (2023); Wang et al. (2023) reported
that to promote human-elephant coexistence for the
communities. The long-term goals were: (i) to bring about
attitudinal and behavioral changes among the villagers to
learn and appreciate the elephants and (ii) for the
community to understand how to take responsibility for
their lives through street play. (iii) Learning to coexist with
elephants to make them understand human-elephant
coexistence is the only solution for human-elephant
conflicts. (iv) Sharing their learning experiences with other
people.

GUIDELINES FOR MITIGATION OF WILD
ELEPHANT PROBLEMS IN THAILAND

This study considered the issue of elephants moving
outside their habitat areas in all forest groups where
elephants reside in Thailand, which consists of 12 regions,
as shown in Table 4. In 2018, the Department of National
Parks (DNP) established a strategy to address HECs in
Thailand from 2018 to 2038. This strategy included several
components: (i) managing and resolving conflicts at the
forest patch level and enhancing efficiency in monitoring
and protection by establishing elephant watchtowers in
critical areas. (ii) Use financial measures, such as
compensation for damage and fair compensation, coupled
with developing regulations and laws to improve elephant
management. (iii) Promote livelihoods and community
well-being by engaging communities in conflict resolution
and applying innovative elephant prevention techniques. In
the case of the Eastern Forest Group, the DNP framed its
approach to managing elephant conflicts in forest-edge
areas as follows: (i) restoration of elephant habitats in
conservation areas; improving water sources, food
availability, corridors, and other management aspects using
geographic information systems (GIS) to determine
appropriate intervention locations. (ii) Preventing elephants
from leaving conservation areas by implementing electric
fences, digging elephant-proof trenches, and maintaining
damaged sections. (iii) Relocation or translocation of
elephants that leave protected areas to bring them back into
conservation zones.

The DNP (2023) implemented various measures to
manage and conserve wild elephants, particularly by
addressing HECs. Their actions are summarized: (i) Large-
scale natural area management was conducted to sustain a
substantial elephant population. (ii) Tracking and
monitoring elephants at risk of conflict and causing harm to
people outside protected areas were carried out using GPS
collars for efficient monitoring.  (iii) Dedicated
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organizations such as the DNP and the National Elephant
Institute were established to manage the well-being of
elephants and reduce conflicts comprehensively. (iv)
Surveys were conducted, and information was gathered to
tackle potential impact areas from elephant conflicts. (v)
Preventive and control measures were developed to
enhance monitoring efficiency and create an observation
network for crisis areas to minimize elephant threats. (vi)
Local governance regulations were revised to allow the use
of accumulated regional budget funds for the care,
protection, and compensation of those affected by elephant
conflicts without the need for disaster area declarations.
Financial support was provided as compensation. (vii)
Efforts have been made to push elephants toward suitable
forests and support the development of the local economy.
This involved opening up tourism opportunities and for the
general public to buy agricultural products from local
farmers, thereby generating income for the agricultural
community and assisting those affected by the elephant
conflict.  (viii) Collaboration among all relevant
stakeholders was promoted to holistically and sustainably
address elephant-related problems. (ix) The encouragement
of ecotourism within forest areas was emphasized, utilizing
the benefits of elephants to develop sustainable tourism. (x)
Integrated forest management was established, with 16
forest groups jointly managing elephant-related issues. (xi)
Relevant agencies dealing with elephant conflict resolution
enhance public relations and improve public understanding
by utilizing online networks and regularly updating
information. Collaborative efforts were undertaken with
those affected by the conflict, focusing on knowledge-
sharing for conflict resolution. (xii) Land use zoning within
terrestrial ecosystems was implemented to ensure land use
benefits and to manage, prevent, and mitigate HEC. (xiii)
Statistical databases for residents affected by elephant
conflicts were compiled to ensure the most up-to-date and
detailed information was available. (xiv) Support the
development of an early warning system and increased use
of GPS collars for elephants in problem areas to aid
tracking, data utilization, conflict resolution, and
community involvement.

CONCLUDING REMARKS

This study found that elephant populations decreased
significantly throughout their distribution areas. The
challenges faced by elephants across their range include
increasing HEC. Over 70% of their habitats are located
outside conservation areas. Efficiently addressing severe
HECs requires various strategies, depending on
understanding the issues, elephant behavior, ecology, and
different aspects of the problem. Current strategies for
managing HEC largely focus on physical separation.
However, key approaches for the successful long-term
conservation and management of elephants include
protecting, preventing, and mitigating conflicts between
humans and elephants in a manner that allows coexistence
in specific areas on each side within their respective
distribution areas. In Thailand, efforts have been made to
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establish large, contiguous conservation areas across five
forest groups: the Western Forest Group, Eastern Forest
Group, Dong Phayayen-Khao Yai Forest Group, Phu
Khieo-Nam Nao Forest Group, and Kaeng Krachan Forest
Group, which are crucial for long-term elephant
conservation. Therefore, to improve the knowledge base,
thorough research was conducted on all aspects, such as
GPS tracking collars, electric fencing, obstacle creation,
chemical repellents, planting specific crops to reduce food-
related conflicts, beehive fences, and community
engagement. Additionally, the importance of baseline
environmental studies on elephant behavior, dietary habits,
and movement patterns has been emphasized. An
integrated approach and continuity are necessary to protect
elephant populations and their environments and create
corridors both within and between various forest groups to
ensure the continuity of elephant populations for long-term
conservation. This involved enhancing compensation for
losses from elephants, improving coexistence in
conservation and overlapping areas, efficiently managing
the challenges of human activities and forest fires, and
maintaining elephant populations. Land-use issues should
be addressed locally and nationally to protect and preserve
the environment in and around elephant habitats. This
includes zoning land use within terrestrial ecosystems to
manage, prevent, and mitigate HEC. Therefore, building
local capacity and community engagement had to be done
by providing basic knowledge of elephant ecology and
behavior in response to environmental conditions,
researching forage species, tracking elephant movements
with satellite signals for conflict resolution, and
collaborative management. Sustain and develop new
generations of conservationists to continually manage
elephant conservation and revise strategies as necessary.

A crucial consideration in resolving major issues is
recognizing shared responsibility and the need for
collaborative efforts, shared decision-making, and resource
utilization to address these challenges effectively. These
strategies aim to protect and conserve elephant populations
in Thailand over the long term by focusing on increased
research and adaptive management approaches. Given the
elephants’ preference for secondary forests and grasslands
and the likely role of humans in maintaining such
ecological conditions in the past, it is imperative that
societies  adequately account for  socioeconomic
considerations to develop more just and sustainable land
use and conservation strategies for the future.

A clear approach to managing the issue of wild
elephants to reduce HEC and conserve wild elephants
involves recognizing and accepting the existence of HEC
as a central tenet for addressing the problem. Key
components include elephant habitat management,
establishing an HEC mitigation scheme, conducting and
improving HEC prevention strategies, and participation of
local people in HEC resolution within a framework of
learning and awareness of elephant behavior. It also
involves improving human livelihoods and developing
education and income. All of the above under the
framework of coexistence between humans and wild
elephants in respective areas, protecting wild elephant and
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their habitat and building HEC prevention and mitigation
programs. This suggests the need for a fundamental reform
of the elephant conservation policy.
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