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Abstract

Myanmar is an ideal location for Asian elephant (Elephas maximus L.) conservation because it still contains large expanses of
elephant habitat. However, increasing human—elephant conflict (HEC) threatens to derail ongoing elephant conservation
programs. We conducted 303 interviews in rural communities living near elephants to help inform long-term management
strategies to conserve this endangered species. We sought to understand the main challenges that people in these com-
munities face in improving their quality of life, as well as the types and levels of HEC they experience and their attitudes
toward elephant conservation. Poverty, not conflict with elephants, was the greatest obstacle reported by our participants.
However, HEC was deemed a moderate to major problem, with 38% of farmers indicating they lost half or more of their
crops to elephants the previous year. Our results showed that communities living in proximity to and often harmed
by elephants were nevertheless supportive of elephant conservation and willing to contribute to conservation efforts.
This result offers hope in the quest to maintain elephant populations in Myanmar. We conclude that conservation policies
that also address societal challenges such as poverty may be more effective in protecting elephants than policies that address
HEC alone.
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Introduction The Asian elephant (Elephas maximus L.) range
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often tied to the expansion of agriculture and the con- ulation densities globally (Fernando & Leimgruber,
version of natural landscapes into areas for industry or 2011). Asian wildlands that previously comprised
settlement (Maitima et al., 2009; Nyamasyo & Kihima,  prime elephant habitat are increasingly being developed
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Tropical Conservation Science

Figure 1. Common examples of human—elephant conflict (HEC) in Myanmar include crop raiding of rice paddies (left) and property
destruction (right top and bottom). In addition, death and injury can result from HEC, such as when a monk was killed when an elephant
knocked over the support beams in his home (top right). Photo credit: Christie Sampson.

population (Bhagwat et al., 2017; Leimgruber et al.,
2003). Development is necessary to improve the liveli-
hoods and socioeconomic conditions of local communi-
ties, but is often difficult to balance with the
conservation of surrounding ecosystems and biodiversi-
ty, including elephants. One of the most visible ways this
imbalance is expressed is through human—elephant con-
flict (HEC; Figure 1), which is a direct result of habitat
loss, and the subsequent conversion of natural lands into
agriculture, leading to increasing interactions between
humans and elephant.

HEC can result in the injury and death of humans
and threatens the survival of the Asian elephant
throughout their range (Fernando & Leimgruber, 2011;

Fernando et al.,, 2005; Sukumar, 1989, 2003).
Consequently, understanding the socioeconomic context
of HEC is essential when designing efficient, long-term
conservation and management plans and policies for
Asian elephants. Active involvement of local people
can help ensure that such programs are sustainable
(Bruskotter & Wilson, 2013; Carter, Shrestha, Karki,
Pradhan, & Liu, 2012; Ripple et al., 2014; Treves &
Bruskotter, 2014) and that local needs and concerns
are heard and incorporated into these efforts.

The extent and consequences of HEC can vary among
communities depending on crop type, farming practices,
differences in growing season, environmental conditions,
habitat characteristics, resource availability for both
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human and wildlife populations, and local variation in
elephant behavior such as learnt responses to manage-
ment (Dickman, 2010; Fernando et al., 2008). In addi-
tion, the local perception of HEC can also vary
depending on cultures and traditions (Dickman, 2010;
Skogen, Mauz, & Krange, 2009). A persistent issue in
developing and applying conservation policies is finding
ways to gain the support of local communities and
engage them in collaborative conservation efforts
(Borgerhoff Mulder & Coppolillo, 2005), because it
requires a sufficient understanding of the complex
HEC issues they face before initiating HEC mitigation
programs. Interviews within local communities may
reveal core issues associated with HEC that are unique
to their locations and assist researchers in developing
more effective elephant conservation programs.

Myanmar has some of the largest remaining areas
of unfragmented habitat for Asian elephant populations
(Leimgruber et al., 2003) and offers a model location
for long-term elephant conservation efforts. The wild
elephant population in Myanmar has declined from
10,000 elephants in the 1940s to an estimated 1,430 in
the 2000s (Leimgruber et al.,, 2008; Leimgruber &
Wemmer, 2004) primarily due to elephant capture for
use as draft animals in the logging industry
(Leimgruber et al., 2008); habitat loss (Songer, Aung,
Allendorf, Calabrese, & Leimgruber, 2016); HEC
(Leimgruber, Oo, et al., 2011, Santiapillai & Jackson,
1990), and, more recently, excessive poaching for ele-
phant skin (Sampson et al., 2018). Understanding how
local communities experience and view HEC, and their
attitudes toward Myanmar’s wild elephant population is
essential to organizations working to reduce HEC and
gain these communities’ support for conservation.

To assess the importance of socioeconomics in deter-
mining local people’s perception of HEC, we conducted
oral interviews in rural communities in Myanmar. Our
main objectives were to

1. determine major obstacles rural communities face
to improving their quality of life, and whether this
differs among villages with and without HEC;

2. identify the types and severity of HEC;

3. assess general attitudes toward elephant conserva-
tion; and

4. identify which mitigation strategies are most
supported by the communities and more likely to be
successfully implemented.

We hypothesized that rural communities would iden-
tify HEC as a major challenge to improving their quality
of life, and that farmers in particular experience more
HEC due to crop raiding by elephants than their non-
farmer neighbors (i.e., grocery store owners, forest prod-
uct collectors; henceforth referred to as non-farmers).

We hypothesized that farmers perceive the challenges
posed by environmental factors, such as drought or
animal presence, to be greater than those posed by socio-
economic factors, such as unemployment or inadequate
infrastructure, relative to non-farmers. We integrated
responses from the interview survey with a land cover
analysis to determine if people in villages predominately
surrounded by resources utilized by elephants (e.g., for-
ests or agricultural areas) perceive elephants to be a
greater problem than people in villages lacking these
resources. Finally, we expected that people who experi-
enced higher levels of HEC express lower levels of sup-
port for elephant conservation.

Methods
Study Sites

Working with wildlife officials from the Myanmar
Ministry of Natural Resources and Environmental
Conservation, we identified two areas with high HEC,
Taikkyi and Hlegu townships, where we conducted our
study (Figure 2). Both townships are located south of the
Bago Yoma mountains in the Yangon region of south-
central Myanmar, are surrounded by forest reserves used
for timber extraction, and have rural human populations
estimated at 189,268 and 230,663 people, respectively
(Department of Population, 2017).

We conducted interviews with 14 villages or village
complexes (henceforth “villages”) within Taikkyi
Township and 17 within Hlegu Township. These 31 vil-
lages accounted for all the permanent settlements that
experienced HEC in our study townships. The primary
occupations in the area are farming, collecting forest
products such as thatch and firewood, and daily labor
including construction and harvesting. As a control, we
also conducted surveys in two villages, Hlae Hlaw Inn
and Haing Ku in Hlegu Township, that had not experi-
enced HEC for the previous 10 years or more, as con-
firmed by the village headmen and Myanmar Ministry of
Natural Resources and Environmental Conservation.

Conducting the Survey

We contacted each village headman prior to arriving
in the village to request permission to interview commu-
nity members. The headman arranged for our team to
conduct interviews in a central location, usually the
schoolhouse, monastery, or community center, and he
informed the community of the date and time of our
visit and encouraged villagers to attend. We visited
each village once to interview adults who were available
and willing to participate in the study at the time of
our visit.
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Figure 2. Locations of the study sites in Myanmar. Dots indicate villages where interviews were conducted in Taikkyi and Hlegu
townships (July 2014). Myanmar elephant range adapted from Songer et al. (2016). Image source: World Imagery: Esri, DigitalGlobe,
Earthstar Geographics, CNES/Airbus DS, GeoEye, USDA FSA, USGS, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

(accessed November 2017).
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We conducted interviews with both men and women
between the age of 18 and 77 years, between July 8 and
July 28, 2014. Each interview lasted 15 to 30 minutes
and responses to the questions (Appendix A) were
recorded on a survey form. We conducted individual
interviews separating participants as much as possible
during the questioning process to reduce external influ-
ences and potential biases in the answers provided.
We adapted interview questions from a questionnaire
previously developed by the Elephant Conservation
Group (Leimgruber, Azmi, et al., 2011).

Interviews were conducted orally in the Myanmar
language by interviewers who had participated in a
half-day training session addressing interview methodol-
ogy (i.e., interviews and recording of responses on the
questionnaire response form). During this training ses-
sion, the interviewers also received specific instructions
on how to categorize responses from each open-ended
question, utilizing keywords spoken by each person par-
ticipating in the survey. If the participant’s response
did not fit into one of the predetermined categories,
the interviewer recorded the response as “other” on the
survey form. The study design and questionnaire were
approved by the institutional review boards at both
Clemson University and the Smithsonian Institution
(IRB20014-187 and HS15051, respectively).

Questionnaire Design

After recording sociodemographic data (gender, age,
and occupation), we asked participants, “What are the
main obstacles to improving your life?” (Objective 1).
Responses were categorized into the following: (a) lack
of capital or funds or poverty, (b) unemployment,
(¢) limited infrastructure (e.g., roads, medical clinics,
schools, and electricity), (d) lack of land or access to
land for farming, (e) the drought or flood water cycle,
(f) natural disasters, (g) financial or opportunity costs
due to the presence of domestic or wild animals, or (h)
other. Individuals who identified as farmers were asked
additional questions about the issues they faced cultivat-
ing crops within the elephant range. We tested for sig-
nificance between farmers’ and non-farmers’ responses
using a two-proportion Z test in JMP (SAS Institute
Inc., 2017). To quantify the specific impacts of HEC
on farmers, we asked, “What are the top three problems
for your cultivation?” response categories were the fol-
lowing: (a) water availability, (b) land availability, (c)
domestic and wild animals, (d) natural disasters, (e)
plant diseases, (f) money, or (g) other issues. We also
asked participants to indicate what kinds of animals
caused damage to their crops.

To determine the severity of HEC experienced in the
communities (Objective 2), we asked all participants to
indicate one of four responses to assess how they

perceived elephants: Elephants are (a) not a problem,
(b) a minor problem, (¢) a moderate problem, or (d) a
major problem. Participants who said that elephants
posed a problem (i.e., answered b, ¢, or d) were subse-
quently asked why they believed elephants were a prob-
lem, and to identify from a set of multiple-choice
responses, the specific types of conflict they or their
household members had experienced over the previous
5 years. These participants were further asked a series of
multiple-choice questions to determine if they believed
HEC was seasonal, when HEC occurred over a 24-hour
period, and why they believed elephants attacked people.
To identify underlying structures in the data, and eval-
uate the relationship between the severity of HEC expe-
rienced by participants and sociodemographic variables
such as age, sex, and occupation, we conducted a mul-
tiple correspondence analysis (Le Roux & Rouanet,
2004) in JMP (SAS Institute Inc., 2017).

To estimate crop damage caused by elephants relative
to other sources, we asked farmers to specify the percent
of crops lost to HEC in the previous year, compared
with factors such as drought, plant diseases, or insects.
Visual aids depicting a field with differing percentages of
crop loss were used by the interviewers to assist the par-
ticipants in estimating damage to their annual harvest
if measurements were not taken at the time of loss
(Appendix B).

To assess elephant conservation attitudes within the
local communities (Objective 3), we asked community
members if it was important for Myanmar to have ele-
phants in the future. If they said yes, we asked them
to indicate either yes or no on why they are important:
(a) because they are part of nature, (b) for religious
reasons, (¢) for tourism, or (d) for other reasons. We
also asked two multiple-choice questions to determine
whom they believed should be responsible for HEC
management, and if the participant, personally, would
be willing to contribute to HEC mitigation initiatives.
Finally, we asked two open-ended questions to identify
what actions participants were currently taking to pre-
vent elephant damage (Objective 4), and what they
believed should be done in the future to reduce HEC.

Interviews Conducted in Areas Without HEC

In the villages without recent HEC, we collected the
same sociodemographic data on occupation, gender,
and age. We also inquired what the major challenges
the villagers faced in bettering their quality of life to
determine if there was a difference outside of the ele-
phant range. We asked the farmers to identify the
most prevalent issues they encountered for cultivation,
which animal species damaged their crops, and to esti-
mate the amount of crops lost. We also inquired why
they believed elephants attacked people, and if it was
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important for Myanmar to have wild elephants in the
future and why. All questions posed to participants in
nonconflict areas were asked using the same format as
that used for the participants in areas with conflict.

Land Cover Analysis

We developed a land cover map utilizing satellite
data and the randomForest package (Breiman &
Cutler, 2007) in R (R Core Team, 2013) to quantify
the amount of forest, sugarcane, and rice paddies in
our study area. In ESRI ArcGIS 10 (Environmental
Systems Research Institute, 2011), we created 1 km buf-
fers surrounding the GPS point recorded at the center of
each village. The 1 km buffers were chosen to minimize
overlap between nearby villages while still encompassing
relevant surrounding land cover. We then determined
the percent of forest, sugarcane plantations, and rice
paddies within each of those 1km buffers. We chose
these land cover types because sugarcane and rice repre-
sent the primary food crops raided by local elephants,
and forests provide shade and other resources often used
by elephant populations.

Results

From the 31 villages subject to HEC, we interviewed 229
males and 59 females; the average age in our HEC
sample was 46 (SD=12.2). Of these, 205 (71%) stated
their primary occupation was farming, while the remain-
ing 83 (29%) non-farmers indicated that their primary
occupation was working as daily labors or gathering
forest products. In the two non-conflict villages, we sur-
veyed 15 males who were all farmers; the average age in
our non-HEC sample was 46 (SD =9.4).

Determining Major Challenges Experienced by Rural
Communities Facing HEC

Among villages facing HEC, a similarly high percentage
of farmers (75%) and non-farmers (84%) said that a
lack of capital or funds or poverty was the primary
obstacle they faced to improving their quality of life
(Table 1; Appendix C). The majority of farmers
(67.5%) indicated that wild or domestic animals were
the second greatest obstacle, while almost all non-
farmers found them to be inconsequential (98.8%).
Instead, non-farmers reported that the lack of employ-
ment opportunities (60%) was their second-greatest
obstacle (Appendix C). More generally, non-farmers
were more likely than farmers to indicate that unemploy-
ment, land availability, and natural disasters posed
obstacles to improving their lives (p <.001; Table 1).
Eighty-three percent of farmers responded that conflict
with wild animals was the most prevalent issue for their

Table I. Obstacles to Improving the Lives of Farmers and
Nonfarmers in Taikkyi and Hlegu Townships, Myanmar in June and
July 2014.

Farmers (n=205) Non-farmers (n=83)

Capital or funds 75.2% 84.1%
Land* 18.9% 48.8%
Water 27.2% 18.3%
Natural disaster* 3.9% 35.4%
Infrastructure 50.0% 59.8%
Unemployment* 19.9% 51.2%
Animal* 67.5% 1.2%
Other 1.9% 1.2%
Missing 0.0% 1.2%
*p < 001.

cultivation, followed by lack of money (59%), and plant
diseases (32%, Appendix C). Most of the farmers (95%)
cited elephants as one of the main animal species that
cause crop damage, followed by wild pigs (16%) and
insects (14%).

Identifying the Intensity and Types of HEC

For farmers living in the elephant conflict area, 54%
reported that elephants were a major problem, with an
additional 24% reporting elephants as a moderate prob-
lem (Appendix C). Further analysis indicated that older
farmers (51-77 years old) were most closely associated
with reporting the most severe level of HEC, while youn-
ger participants were more closely associated with
reporting only minor levels of HEC (Figure 3,
Appendix D). For non-farmers in these areas, 30%
reported elephants were a major problem with another
30% indicating elephants posed a moderate problem
(Appendix C). Farmers indicated crop and property
damage as the main concerns when living with elephants,
while non-farmers in elephant range cited property
damage and personal or family safety as their most prev-
alent concerns. Most farmers had experienced crop loss
due to elephants, with 38% reporting that they lost half
or more of their crop in the 2013 growing season. More
than two thirds of farmers reported that elephants were
the only animal that caused crop damage in 2013.
Although we predicted that communities surrounded
by greater percentages of both rice and sugarcane would
report higher levels of HEC, results suggest that only
people in villages surrounded by greater amounts of sug-
arcane perceived greater levels of conflict (Figure 4).
Both farmers and non-farmers indicated more severe
amounts of HEC when their villages were surrounded
by lower percentages of rice in comparison to higher
percentages (Figure 4). In forested areas, we found
that farmers reported a lower severity of HEC in areas
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Figure 3. Multiple correspondence analysis of participants’ age, sex, occupation type, and degree of human—elephant conflict they

experience in Myanmar (June and July 2014).
HEC = human—elephant conflict.

with greater percentages of forest surrounding their vil-
lage; however, the trend was not clear for non-farmers.

Assessing How Locals Perceive the Risks From HEC
and Their More General Conservation Attitudes

Both farmers (87%) and non-farmers (93%) indicated
support for the conservation of Myanmar’s wild
elephant population (Appendix C). The reasons they
gave for their support included that they perceived that
elephants were an important part of nature (farm-
ers =63%, non-farmers =79%), and elephants were an
important part of the local religion (farmers=37%,
non-farmers =48%). Both groups believed that attacks
on people by elephants occurred accidentally during
the elephants’ effort to get to food in agricultural fields
or food that is stored in homes (farmer= 90% and non-
farmer= 83%) or because human communities were
encroaching on the elephant habitat (farmer= 50%
and non-farmer= 63%).

Identifying Which Mitigation Strategies Are Most
Supported by the Communities

To reduce HEC, and the associated damage and death,
41% of the farmers indicated that they try to discourage

wild elephants from remaining in an area by driving
them away with loud noise, lights, tractors, or captive
elephants. Some farmers (33%) indicated that they
spend the nights in tree huts in or near their crops and
use noise or lights to try to scare away elephants.
Non-farmers used physical barriers and deterrents
(e.g., fencing, reflective lights, and noisemakers) to
reduce conflicts with elephants (Appendix C). Nearly
all community members indicated they would be willing
to assist with some form of future HEC mitigation, with
87% of farmers and 77% of non-farmers indicating they
would donate time and labor, while less than 10% of
both farmers and non-farmers were willing to provide
in-kind materials or to donate money (Appendix C).
The strategies most preferred by farmers to reduce
HEC in the future included removing all elephants
from the area (49%) and implementing more physical
barriers (45%; Appendix C).

Non-farmers supported the use of more physical bar-
riers (54%) and improving deterrents such as noise-
makers and motion sensor lights and sounds (39%),
while only one participant responded that they would
prefer to kill elephants (1%; Appendix C). Community
members generally believed that the Myanmar govern-
ment should be primarily responsible for HEC
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mitigation, although individual households and commu-
nity organizations were also named as responsible par-
ties (Appendix C).

Interviews Conducted Outside of the Elephant Range

Participants outside of the elephant range reported that
the main obstacles they faced to improving their socio-
economic status were the lack of capital or funds or
poverty (73%) and water availability (73%; Appendix
C). Their three most prevalent issues for cultivation
were perceived to be crop diseases (73%), lack of
money (53%), and natural disasters (53%). Most farm-
ers (83%) reported that crops were damaged more by
insects than by any other taxon. Twenty-seven percent
reported losing half of their crop in the 2013 growing
season, and that their losses were due to reasons other
than elephants.

All participants supported keeping wild elephants
in Myanmar because the animals were important for
religious reasons, and 80% supported keeping wild ele-
phants because they are an essential part of the ecosys-
tem. As with the participants surveyed that experienced
HEC, the nonconflict farmers believed that elephants
primarily attacked people either accidentally while get-
ting to food (58%) or because humans were encroaching
on their habitat (66%).

Discussion

The consequences of living alongside wildlife can be
extensive (Hoare, 1999). However, assuming that
HWC is the only or primary challenge for rural commu-
nities may prevent researchers from identifying manage-
ment strategies that would more effectively, even if
indirectly, address conflict with wildlife. We found that
HEC is one of many, often interconnected, challenges
facing the people of Myanmar. Despite these challenges,
the participants overwhelmingly supported elephant
conservation, in contrast to other studies that have
revealed feelings of helplessness and bitterness toward
species involved in HWC (e.g., Mwangi et al., 2016).
The identification of poverty as the most prevalent
concern with respect to improving quality of life allows
researchers and other stakeholders involved in elephant
management to focus on improving conservation success
by providing economic opportunities that support con-
servation efforts, potentially through community-based
programs (Borgerhoff Mulder & Coppolillo, 2005).
Previous research has demonstrated that rural commu-
nities value the economic potential elephants may pro-
vide to the community (Bauer, 2003; Naughton-Treves,
1998; Newmark, Leonard, Sariko, & Gamassa, 1993).
Thus, community-based programs that provide compen-
sation in excess of the cost incurred by HWC

(Kaltenborn, Bjerke, & Nyahongo, 2006; Li, Xiaoweli,
Chuanlin, & Wei, 2010) and reinforce traditional conser-
vation values are often more effective than standard
deterrent-based strategies because they can help improve
the perception of the conflict species (Kuriyan, 2002).

We are not surprised that farmers perceived the pres-
ence of both domestic and wild animals to be the second
greatest impediment to improving their quality of life, as
income generation for farmers is highly dependent on
their ability to grow crops free from destruction by ani-
mals (e.g., Mwangi et al., 2016). Costs incurred by rural
communities due to HWC can be substantial (Dickman,
Macdonald, & Macdonald, 2011; Hulme & Murphree,
1999; Salerno, Borgerhoff Mulder, Grote, Ghiselli, &
Packer, 2016) and have potentially lasting negative
implications for households that share the landscape
with conflict species.

Limited livelihood opportunities have been shown to
be a consequence of loss of access to land or resources as
a result of HWC (Coad, Campbell, Miles, & Humphries,
2008; Salerno et al., 2016; West, Igoe, & Brockington,
2006). For example, rates of unemployment may be
exacerbated by the presence of elephants if potential
farmers among this group are deterred from raising
crops due to the expectation of crop raiding, or if
farmers do not hire daily laborers to harvest because
elephants destroyed their crops. However, few non-
farmers reported that animals, including elephants,
posed barriers to improving their quality of life, which
could indicate that they may not associate HEC with
poverty or a lack of employment opportunities.

Although HEC was not named the leading cause pre-
venting rural communities from improving their lives,
both farmers and non-farmers within the elephant
range perceived elephants to be a moderate or major
problem. While elephant damage can be devastating,
particularly when considering the collateral damage
from trampling that can exceed the amount actually con-
sumed by the elephants (Naughton-Treves, 1998; Parker
& Osborne, 2006) was thought to occur infrequently
(Naughton-Treves, 1998). In contrast to this, a third of
the farmers in our study site reported losing half or more
of their crops due to elephants in 2013. This substantial
amount of conflict is reflected in the multiple correspon-
dence analysis which associated farmers with reporting
the greatest severity of HEC. This analysis also closely
associated older participants with reporting major levels
of HEC and younger participants with minor levels, per-
haps because older participants may feel they would be
unable to escape a potential elephant attack (e.g., climb
a tree to avoid a charging elephant) as well as a younger
person could.

These findings are also seen in the severe HEC
reported in areas with higher percentages of sugarcane
as the participants interviewed were primarily farmers.
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Reports of more severe conflict in these areas could be
due to sugarcane’s longer growing season which may
provide a more continuous food source for elephants,
and more potential crop raiding, resulting in higher
levels of HEC over the year. For villages near rice pad-
dies; however, we found that even participants with low
percentages of rice near their village reported severe
HEC. This difference could be because sugarcane
plantations tend to be larger and owned by wealthier
community members in comparison to rice farmers.
The threat of crop destruction may make rice farmers
more sensitive to HEC if they are unable to endure sig-
nificant crop losses as well as their richer neighbors. In
contrast to the two crop resources we analyzed, the low
severity of HEC reported by farmers in areas with more
forest is in line with our earlier finding that this group of
participants primarily regards elephants as a danger to
crops and by extension their livelihood.

It is important to note that farmers in Hlae Hlaw Inn,
a village with no HEC, lost 50% or more of their crops
to insects, plant disease, and drought. Thus, it is possible
that much of crop loss blamed on elephants in villages
within elephant range may instead be due to insects,
disease, or drought. Further, some individuals within
the elephant range reported losses due to other animals,
including domesticated animals and wild pigs, compara-
ble to the amount others lost and attributed to elephant
crop raiding (Appendix C).

Quantifying the amount of damage done by elephants
in comparison to other species is imperative (Lahm, 1996)
so that wildlife managers can determine if damage is cor-
rectly attributed to elephants. Naughton-Treves (1998)
found that crop damage due to livestock was as great
or exceeded the damage caused by some wildlife species,
and that the number of individual crop raiding occur-
rences by livestock far exceeded the number of crop raid-
ing occurrences by elephants. Working with local
communities to improve their understanding of the
types of damage done by elephants and having commu-
nity experts such as mahouts (i.e., captive elephant care-
takers and trainers) examine suspected elephant crop
raiding sites may help communities to discern actual ele-
phant damage from damage caused by other species or
events. More accurate reporting of HEC will allow clar-
ification of links between perceived and actual HEC
events and will allow for the deployment of more effective
mitigation strategies (Dickman, 2010).

Maintaining or increasing the tolerance levels for
HEC observed in this study is critical to long-term con-
servation sustainability (Behdarvand et al., 2014; Behr,
Ozgul, & Cozzi, 2017; Suryawanshi, Bhatia, Bhatnagar,
Redpath, & Mishra, 2014). It is essential for researchers

to understand if perceived causes of conflict are rooted in
superstition or more scientifically based reasoning to
ensure that they do not also need to address societal or
cultural beliefs in order to develop effective mitigation.
Participants’ identification of the reasons why elephants
injured humans as (a) it was done accidentally when they
were trying to get to food resources or (b) because
the human population had moved into elephant habitat,
align with past studies attributing an increase in HEC to
human expansion into wildlands (e.g., Fernando et al.,
2005, Kioko, Kiringe, & Omondi, 2006; Okello, 2005).
However, other studies (e.g., Prokop, Fancovicova, &
Kubiatko, 2009) found community members facing
HWC can believe that wildlife attacks were motivated
primarily by cultural superstitions rather than ecological
drivers. Our conversations with community members
revealed that some believed that a recent HEC event
which resulted in a woman’s death was perpetrated by
a “vampire elephant” that was killing people to drink
their blood. Still, as a majority of the participants attrib-
uted the drivers of HEC to ecological factors rather than
superstitious motivations, the responses in our study
support an optimistic view for continued conservation
efforts in this area.

Other studies have concluded that people who have
experienced HEC are more likely to engage in HEC mit-
igation to prevent future damage (Fernando et al., 2005;
Karanth & Kudalkar, 2017). Rural communities in
Myanmar rely principally on reactive mitigation strate-
gies (e.g., physical barriers, deterrents, or driving away
elephants) to combat HEC, although it has been sug-
gested that these methods may be ineffective over the
long term (Fernando et al., 2008). In addition, these dis-
ruptive and at times aggressive techniques can actually
result in an increase of HEC and may potentially
increase the number of attacks on humans by elephants
(Fernando et al., 2008).

Identifying participants’ favored mitigation strategies
allows local conservationists to address community
expectations, the feasibility of implementation, and the
necessary community input expected for the success of
such mitigation strategies. Such information allows con-
servationists to make adjustments as needed based on
what is realistically achievable. Erecting physical barriers
and improving deterrents have proven successful in
preventing elephants from causing damage in other
countries (Fernando et al., 2008) and can be adapted
for use by local communities. Barriers such as electric
fences, however, may merely displace the conflict (Hill &
Wallace, 2012) and create tensions with neighboring
farms or villages (U Khin Muang Gyi, personal commu-
nication). In addition, these mitigation methods can be
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expensive to implement and can bring further inequality
to the poorest members of the community who are
unable to invest in or maintain effective barriers
(Barua, Bhagwat, & Jadhav, 2013; Naughton-Treves,
1998). Other strategies such as educational outreach pro-
grams focus on best practices when confronted with ele-
phants and behavioral modification to avoid HEC (e.g.,
keeping rice and other attractants away from the home,
phone, or other alert systems for approaching ele-
phants). These efforts were initiated by the research
team and collaborators in 2015 and provided at no
cost to communities through Myanmar’s rural schools
and community centers in the study area, and on nation-
al television.

Although preferences for moving elephants to other
locations was expressed as an HEC mitigation method,
permanent translocation of elephants is expensive and
hard to achieve as elephants often return to the areas
from which they were taken (Fernando et al., 2008;
Fernando, Leimgruber, Prasad, & Pastorini, 2012).
Even if successful, translocation can simply move the
conflict from one location to another. However, because
we have identified this as the most desirous action, con-
servationists can incorporate a detailed explanation on
the improbability of translocation as an effective man-
agement solution into future communication (i.e., town
halls with local councilmen, community meetings) to
demonstrate to the community that their concerns and
wishes are being assimilated into the management plan.

Even though few participants advocated for the kill-
ing of elephants to reduce HEC, it should be noted that
the study site and areas across central Myanmar experi-
enced high levels of poaching during the course of this
research (Sampson et al., 2018) which may be leading to
further population declines. The degree of involvement
in poaching activities by local community members is
unclear, though several people in the area were arrested
on poaching related charges between 2014 and 2017.
Local informants have also provided details of a sophis-
ticated logistic network for moving poached elephant
products out of Myanmar, indicating the presence of
organized international criminal groups. This poaching
seems to be mostly driven by financial interests, specifi-
cally supplying elephant skins to the Chinese traditional
medicine market (Nijman & Shepherd, 2014) and not by
local people retaliating against crop raiding elephants.

Implications for Conservation

This study has answered critical questions including what
challenges are faced by the residents within our study area
and their conservation attitudes. The widespread support
for the conservation of Asian elephants provides great
hope for potential and continued collaboration with

local communities. However, adapting conservation
efforts so that they consider the primary socioeconomic
challenges expressed by our sample may help to increase
the effectiveness of such conservation efforts by facilitat-
ing a stronger connection between conservation and
human well-being. Future studies that assess the most
effective means of including socioeconomic considera-
tions into conservation planning are recommended.

Appendix A.

Table Al. Complete List of Questions Asked During the
Interview Survey in June and July 2014 in Myanmar.

What are the main obstacles you have to improving your life?

What are the top three problems for your cultivation?

What animals cause damage to your crops?

How much of a problem are elephants?

If elephants are a problem, why?

*What time of day do you have problems with elephants?

Have you or anyone in your household experienced any of the
following threats from wild elephants in the past 5 years?

Why do elephants attack people?

How much of your harvest did you lose to elephants last year?

How much of your entire harvest did you lose for other reasons?

*Which type of elephant groups are in this area?

*Which type of elephant groups cause crop damage?

*Which type of elephant groups cause property and
human damage?

At what time of the year does damage from elephants occur?

Who should be responsible for mitigating HEC?

What actions do you currently take to prevent elephant damage?

*If you are driving elephants from the area, do you think this is an
effective mitigation method?

What should be done about the elephant problem?

Would you be willing to contribute to community initiatives for
HEC mitigation? If yes, how?

Where should the elephant live?

Is it important that Myanmar have wild elephants in the future?

Note. Questions with “*” were not included in the analyses for this study.

Appendix B.

Visual guide to assist farmers quantify crop loss due to
elephants and other factors. The guide served as a tool to
help farmers estimate crop damage and did not accurate-
ly reflect the pattern of crop loss. Crop loss percentages
were chosen to allow for greater definition of damages at
the finer scale due to potential multiple sources (i.e.,
drought, insects, and animals) after informal discussions
with stakeholders prior to the survey. Participants were
asked to indicate the closest percentage that represented
their loss.
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No crop loss < 10% crop loss

10% crop loss 25% crop loss

33% crop loss 50% crop loss

>50% crop loss 100% crop loss
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Appendix C

Table CI. Responses From Farmers and Non-Farmers in 31 Villages Inside of the Elephant Range.

Farmers % of Non-farmers % of
Question Response (n) Farmers (n) Non-farmers
What are the main Capital or funds 155 75 69 84
obstacles you have Land 39 19 40 49
to improving Water 56 27 15 18
your life? Natural disaster 8 4 0 0
Infrastructure (e.g., roads, 103 50 29 35
clinics, schools,
and electricity)
Employment 41 20 49 60
Animals 139 67 42 51
Other 4 2 | |
What are the top Water availability 50 24 - -
three problems for Land availability 26 13 - -
your cultivation? Animals 170 83 - -
Natural disaster 12 6 - -
Plant disease 65 32 — -
Money 122 59 - -
Other 2 | - -
What animals cause Domestic animals 16 8 - -
damage to (cattle, pigs, goats,
your crops? sheep, chicken, etc.)
Wild pigs 32 16 - -
Deer 0 0 - -
Monkeys 2 | - -
Insects 28 14 - -
Elephants 196 95 - -
Wild birds (e.g., peafowl) 22 I - -
Other 5 2 - -
How much of a prob- None 4 2 6 7
lem are elephants? Minor 37 18 19 23
Moderate 50 24 25 30
Major 11 54 25 30
No elephants | 0 | |
If elephants are a Crop damage 188 91 20 24
problem, why? Property damage 124 60 47 57
Safety (Injury or death) 46 22 25 30
Damage to livestock 10 5 5 6
Other 3 | 6 7
Elephants are not a problem 2 | 5 6
Have you or anyone in Crop damage 179 87 12 I5
your household Property damage 103 50 40 49
experienced any of Fear for personal safety 108 52 38 46
the following threats Physical injury 17 8 I 13
from wild elephants Death of a family member 17 8 6 7
in the past 5 years? Damage to livestock 5 2 | |
Other 4 2 4 5
Why do elephants Purposely because people 10 5 3 4
attack people? are protecting their
food or crops
Accidentally when elephants 185 90 68 83
are trying to
get to human food
They are afraid of humans 17 8 5 6
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Table Cl. Continued

Farmers % of Non-farmers % of

Question Response (n) Farmers (n) Non-farmers

They do not like humans 17 8 4 5

Because humans kill elephants 0 0 0 0

Because humans encroach 102 50 52 63
on elephant land

Other 6 3 | I

Elephants do not attack people 3 | 6 7

How much of your Entire harvest 16 8 - -
harvest did you lose More than half (>50%) 35 17 - -
to elephants One half (50%) 27 13 - -
last year? One third (33%) 43 21 - -

One quarter (25%) 18 9 - -
One tenth (10%) 31 I5 - -
Less than one tenth (< 10%) 20 10 - -
None (0%) 14 7 - -

How much of your Entire harvest | 0 - -
entire harvest did More than half (>50%) | 0 - -
you lose for One half (50%) 6 3 - -
other reasons? One third (33%) 9 4 - -

One quarter (25%) 9 4 - -
One tenth (10%) 12 6 - -
Less than one tenth (<10%) 20 10 - -
None (0%) 140 68 - -

At what time of the All year 13 6 3 4
year does damage Seasonally 184 89 78 95
from ele- 0 0
phants occur?

Who should be Government 196 90 72 88
responsible for Individual farmer 102 47 38 46
mitigating HEC? Community organizations 109 50 34 41

NGOs 41 19 7 9
Other 2 | 2 2

What actions do you Use of physical barriers 70 32 38 46
currently take to Deterrents 62 29 21 26
prevent ele- (smoke, bees,
phant damage? fire crackers, ...)

Confrontation 28 13 12 16
Use alternative crops 12 6 7 9
or alternative livelihood

Driving elephant from this area 89 41 17 21
Kill elephants 0 0 | I

Moving people from this area 5 2 8 10
Living in tree huts 74 34 17 21
Nothing 29 13 19 23
Other 4 2 2 2

What should be done Use of physical barriers 97 45 44 54
about the ele- (electric fences,
phant problem? trenches, biofences. . .)

Improving deterrents 71 33 32 39
(smoke, bees, fire crackers, ....)

Compensation 25 12 3 4

Use alternative crops/alternative livelihood 21 10 17 21

Move all the elephant from this area 106 49 22 27

Move all the conflict elephants from this area 65 30 19 23

Help people to move from this area 3 | 9 I
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Table Cl. Continued

Farmers % of Non-farmers % of
Question Response (n) Farmers (n) Non-farmers
Kill elephants 0 0 | |
Nothing 17 8 10 12
Other 2 | | I
Would you be willing Time or labor 189 87 77 77
to contribute to Money 14 6 5 5
community initia- In kind or materials 14 6 9 9
tives for HEC miti- No 5 2 3 3
gation? If yes, how?
Where should the In this part of this forest reserve 12 6 4 4
elephant live? In a different part of this forest reserve 36 17 27 27
In a different forest reserve 148 68 51 51
Don’t know 14 6 10 10
Other 6 3 2 2
All wild elephants should be removed 28 13 10 10
Is it important that Yes, they are part of nature 137 63 65 65
Myanmar have wild Yes, they are important for tourism 30 14 13 13
elephants in Yes, they are important 80 37 39 39
the future? for religious reasons
Yes, other 52 24 9 9
No, all wild elephants should 29 13 6 6

be removed from Myanmar

HEC = human—elephant conflict; NGO = non-governmental organizations.

Appendix D.

Table DI. Summary of Variables Included in Multiple Correspondence Analysis.

Variable Category N No HEC Minor Moderate Major

Age-group 18-35 52 3 (1%) 9 (3%) 15 (6%) 25 (10%)
36-55 150 8 (3%) 33 (13%) 39 (15%) 70 (27%)
56-77 67 I (0%) 13 (5%) 20 (8%) 33 (13%)

Sex Female 49 2 (1%) 7 (3%) 15 (6%) 25 (10%)
Male 220 10 (4%) 48 (18%) 59 (23%) 103 (40%)

Occupation Farmer 195 5 (2%) 37 (14%) 49 (19%) 104 (40%)

Non-farmer 74 7 3%) 18 (7%) 25 (10%) 24 (9%)
HEC = human—elephant conflict.
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