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TAGGEDPA B S T R A C T

Introduction: One Health is a multifaceted approach increasingly used to explore climate-driven public health
challenges; however, it is often lacking the expertise of local people who are most connected to and affected
by these challenges. Our goal was to explore how nomadic herders in a conservation area (Ikh Nart Nature
Reserve in Mongolia) understand the issues of interconnectedness of environmental, animal, and human
health through Foot-and-Mouth Disease of ungulates and climate change.
Materials and Methods: We carried out a cross-sectional study of 104 nomadic herders in Dornogobi, Mongo-
lia, using a questionnaire with 11 open-ended questions which were translated into English for analyses and
coding using NVivo. The questions explored herders’ perceptions and experiences on the linkages between
human wellbeing, environmental factors, and outbreaks of Foot-and-Mouth Disease of ungulated animals,
which is occurring more frequently in Mongolia.
Results: Pasture degradation was the factor herders most linked to animal, human, and environmental health
and climate change. The herders displayed adept understanding of One Health concepts. The herders’
responses throughout the survey revealed a cycle where climate change contributes to landscape degrada-
tion, declining animal health, and human socioeconomic consequences.
Discussion: Mongolia’s rich tradition of herding and generational linkages to natural resources provide a
unique, holistic approach to understanding the effects of climate change and landscape degradation on dis-
ease transmission and human well-being.
Conclusion: Indigenous Peoples and Local Communities should be actively engaged through leadership and
input in formulating transdisciplinary strategies to combat climate change and its effects on animal and
human health.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) TaggedEnd
TaggedEndTaggedPKeywords:

Nomadic herders
Climate change
Foot & mouth disease
One Health
Mongolia TaggedEnd
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Masson SAS. This is an open access article under the CC BY-NC-ND license
TaggedH11. Introduction TaggedEnd

TaggedPFoot and Mouth Disease (FMD) virus is a highly contagious patho-
gen of ungulates that can spread between animals or by contact with
animal products. FMD can have especially dramatic impacts on wild-
life populations, the livestock industry, and the livelihoods of
nomadic pastoralist communities globally [1]. As resource availability
becomes unpredictable with climate change, increased interaction
and competition over resources between wildlife, livestock, and
nomadic herding communities creates the ideal conditions for aero-
sol transmission of this virus [2]. The nomadic herding lifestyle
remains a cultural staple across Mongolia, where FMD outbreaks
TaggedEndTaggedPhave become more frequent and more intense over the past 30 years,
reaping socioeconomic consequences to herding communities. FMD
affects pastoralist communities worldwide and they further suffer
severe economic losses because of the disease [3]. Case numbers and
existing literature have shown frequent epidemics of FMD in Mongo-
lia in the twenty-first century, including 2001−2002, 2010−2011,
2013−2014, and 2017−2018 [1,4−7]. The first outbreak of FMD in
Mongolia occurred in 1973 and all outbreaks until 2005 had less than
500 total cases in camels, sheep, goats and cattle [4,7]. Then there
were no cases until 2010, which was the year with the highest num-
ber of cases with 27,842 cases reported [4]. There were 1287 cases in
2013, 3454 cases in 2014, 1024 cases in 2015, 173 cases in 2016,
10,843 cases in 2017, and 4269 cases in 2018 respectively [4]. This
increasing frequency of FMD outbreaks coincides with increased
drought and environmental degradation across Mongolia, making
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TaggedEndTaggedPnomadic herding communities increasingly vulnerable to FMD out-
breaks. Understanding the drivers of increased FMD transmission
rates and their association to climate change across Mongolia is criti-
cal for both prevention and response management. TaggedEnd

TaggedPA One Health approach, which places equal consideration on
human, animal and environmental factors and their linkages, is criti-
cal for understanding and mitigating the impacts of climate change
and FMD on nomadic herder communities in Mongolia [5]. In the last
decade, the vulnerability of herders to FMD has been exacerbated by
the increasingly common droughts and overgrazing that are degrad-
ing Mongolia’s rangelands, raising the cost of living, and increasing
competition for resources between livestock herds [8,9]. According to
a survey by Limon et al. [10], the 2017−2018 FMD outbreak in Mon-
golia had significant socioeconomic impacts and indirect effects on
human health; because the sale and consumption of animal products
from infected livestock is prohibited, the outbreak left herders with
both financial struggles and food insecurity. Additionally, the range-
land in Mongolia is used communally, so the spread of this disease is
difficult to regulate between livestock of different herds and between
livestock and migratory wildlife. Climate change has exacerbated this
issue, as natural resources like water sources are dwindling, causing
domestic and wild animals to be forced into proximity [10,11]. To
combat the multitude of consequences FMD brings to Mongolia and
ensure all factors are considered, a One Health approach is essential. TaggedEnd

TaggedPWith its interdisciplinary nature, One Health research utilizes the
perspectives of a diverse range of experts; however, the perspectives
of the people and other actors in society (i.e., transdisciplinary
approaches) often get overlooked. Mongolia is unique globally
because it is one of the last places where nomadic herding at this
scale still can be practicedㅡMongolians are known for their rich cul-
tural heritage around herding. As of 2019, approximately 26% of
Mongolians lived a pastoral lifestyle, a trade often passed down
through generations [12]. Previous efforts to include herders in deci-
sion-making have come with great success in Mongolia. A study
documented the impressive understanding of local flora and pasture
management that herders possessed, combating existing stereotypes
[13]. By consulting the social and cultural norms held by the people
of the Dornogobi province, Reading et al. [14] were able to aid in the

TaggedFigure

Fig. 1. Map of Ikh Nart Nature Reserve, Mongolia.A survey was distributed to 150 nomad
Reserve, in the Dornogobi Province of Mongolia. TaggedEnd
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TaggedEndTaggedPgeographical expansion of the Ikh Nart Nature Reserve boundaries.
Considering their knowledge of and dependence on free-range pas-
tureland, lived experience with climate change effects, and socioeco-
nomic vulnerabilities, integrating the deeply rooted knowledge of
herders into a One Health perspective is entirely compatible and nec-
essary to effectively manage FMD in Mongolia. TaggedEnd

TaggedPThe Dornogobi province where Ikh Nart Natue Reserve is located
is in Eastern Mongolia, which has had more FMD outbreaks than
other regions of Mongolia. Dornogobi had a total of 2577 cases from
2010 to the end of 2019 and it is located next to Sukhbaatar province,
which had the highest number of cases of FMD with 27,052 cases
during the same period; the 10 provinces mostly in the center and
north of the country had no outbreaks during this period [4]. Our
study is centered in Ikh Nart Nature Reserve. This study was designed
to explore nomadic herders’ perspectives of One Health concepts,
how they perceive FMD to relate to One Health, and what policies
they believe are and would be effective in preventing and managing
the spread of FMD outbreaks in the future. Further, this study aims to
provide one example of the importance of engaging local communi-
ties and Indigenous Peoples in the design, implementation, and eval-
uation of One Health approaches to climate change and disease
mitigation. TaggedEnd

TaggedH12. Methods TaggedEnd

TaggedH22.1. Study area TaggedEnd

TaggedPIkh Nart Nature Reserve (Hereafter Ikh Nart) is in the Dornogobi
province of southeastern Mongolia (Fig. 1). Situated along the transi-
tion between Gobi-Steppe ecosystem and the Gobi Desert, the
reserve protects 66 ha of rocky outcroppings and grasslands that pro-
vide habitat for unique assemblages of wildlife species, including sev-
eral threatened species like the Argali sheep, and provides protection
of nearly 150 nomadic herding families who move across the grass-
lands seasonally with their livestock herds [14]. Nomadic herders fol-
low available pastureland according to seasonal and climatic
conditions to support their livestock herds consisting of sheep, goat,
cattle, camels, and horses. Animal products are either consumed or
ic herding families that live in and graze their livestock seasonally in Ikh Nart Nature



TaggedEnd Table 1
Survey Questions Categorized by Topic. A paper survey was distributed to 150 households in Ikh Nart Nature Reserve, Mongolia. The questions were translated into Mongolian
and were answered in Mongolian and translated to English for analysis.

Category Questions

1. Perspectives on One Health 1. What is the relationship between environmental health, livestock health, wildlife health, and human
health in Mongolia?

2. What sort of changes have you seen to the environment where your livestock graze over the past
20 years?

3. How have changes to the environment impacted the health of your livestock?
4. How have changes to the environment influenced how you manage your livestock?
5. How have changes to the environment impacted the health and livelihoods of your family and the

broader community?
2. Impacts and drivers of Foot & Mouth disease 6. How has FMD impacted the livestock, wildlife, and the livelihoods of the people who live in the Ikh Nart

region?
7. How have diseases such as FMD impacted livestock herds in your community?
8. What do you think are the primary drivers of FMD in Ikh Nart over the last 20 years?

3. One Health approaches to FMD prevention and management 9. How have diseases such as FMD been addressed by governmental policies?
10. What resources do you use to prevent or respond to livestock diseases such as FMD?
11. What strategies do you think would be most effective in preventing livestock disease transmission and

for the promotion of livestock health in the future?
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TaggedEndTaggedPsold at local markets and constitute almost the entirety of a herding
family’s livelihood. TaggedEnd

TaggedH22.2. Exploring herder perspectives TaggedEnd

TaggedPThis study was designed as a cross-sectional study to be part of an
ongoing effort led by the Mongolian Conservation Initiative, Denver
Zoo, Ikh Nart Park Administration, local government, and other part-
ners to support a community management plan for Ikh Nart. The
Mongolian Conservation Initiative (MCI) and partners have been
working with herder families that live permanently or seasonally in
Ikh Nart for nearly 20 years. A questionnaire with 11 open-ended
questions was developed to survey herder families in Ikh Nart
(Table 1). The Mongolian Conservation Initiative team visited 150
families that live in or around Ikh Nart to distribute a paper survey in
July 2021. Some families were not home and/or not interested in par-
ticipating, or they did not return their questionnaire. Of the 150 tar-
geted families, we received 104 completed surveys. The survey
questionnaire was reviewed by the William & Mary Protection of
Human Subjects Committee and approved before the start of the dis-
tribution (StudentIRB-2021−04−20−14,919), and informed consent
was obtained from each respondent. The survey was completed by
one adult per household, and it asked about their perspectives on the
linkages between human, animal, and environmental health, their
experiences with FMD, and their perspectives on a One Health
approach to managing outbreaks (Table 1). The questionnaires were
developed in English and translated into Mongolian and the herder
answers were translated back to English by the same translator
before coding. TaggedEnd

TaggedH22.3. Data analysis TaggedEnd

TaggedPResponses were written by herders in their native Mongolian lan-
guage, then translated to English. Qualitative analyses and coding
were carried out using NVivo qualitative data analysis software (QRS
International Pty Ltd, Australia, Version 12, 2018). Responses
remained grouped under the specific question they answered on the
distributed survey. The most common phrases or concepts that
appeared in response to each question formed the foundational first-
order codes for each survey question, never more than 12 codes to
start. First-order codes were then examined and consolidated into
second-order codes based on larger common themes identified
within first-order codes. If a first-order code was large enough (usu-
ally over 5 responses), the concept was kept as a sub-code under the
larger umbrella of the second-order code. Note that the number of
responses to sub-codes also contributes to the overall quantity of
3

TaggedEndTaggedPresponses to second-order codes. This is displayed via the color
schemes and legends used in the tree-map figures in the Results sec-
tion. After second-order codes were established, it became apparent
that many questions across the survey had similar codes, prompting
a third and final re-examination of the greater themes at hand. This
led to a conclusive understanding of a cyclical and interdependent
nature to the experiences of herders that spanned multiple questions
and all three survey sections. TaggedEnd

TaggedH13. Results TaggedEnd

TaggedPA total of 104 questionnaires were completed by 67 male and 35
female herders; each question thus returned 104 responses which
was a response rate of 69.3% from the 150 targeted families. The total
average age of respondents was 39 years old. The average age for
female respondents was 33 years, while the average age of male
respondents was 41 years. Two questionnaires did not have the gen-
der indicated. TaggedEnd

TaggedH23.1. A cyclical relationship between people, animals, and the
environment TaggedEnd

TaggedPNinety-eight respondents (94%) agreed or strongly agreed that
there was a relationship between the environment, animal health,
and human health and wellbeing. Their answers across survey cate-
gories demonstrated a cyclical relationship between the environ-
ment, animal, and human health, and the challenges herders face
because of climate change, which was revealed through the direct
and indirect links between their livelihoods and pasture resources
(Fig. 2). In their answers to several of the questions, respondents
mentioned human reliance on livestock, the linkage between reliance
of livestock on pastureland and natural resources, and linkages
between pasture, livestock, and human livelihoods and health. Wild-
life was mentioned in several responses, highlighting the linkage
between herders and wildlife and their shared linkage to pasture and
water resources. Further, respondents indicated a relatedness or a
cyclical link to the environment, highlighting the way that they see
the role of humans in the environment and the ways that humans
influence and are influenced by the environment. One response artic-
ulates, “We use our livestock which also feed on grasses that are pro-
duced by nature. So, we are all related.”TaggedEnd

TaggedPHerder respondents almost unanimously noted pasture degrada-
tion linked to climate change and mining, and the cascading impacts
on animal and human health. This is indicated by their responses to
Question 3, “How have changes to the environment impacted the
health of your livestock?” shown in Table 2. The respondents noted



TaggedFigure

Fig. 2. Diagram of herders’ perspective on cyclical linkage between climate change and
cascading impacts of FMD.A conceptual diagram summarizing the respondents’ per-
spectives on the cyclical linkage between climate change and environment, pasture
degradation, and human and animal health.TaggedEnd

TaggedEndA. DiPietro, E. Tserenochir, E. Garroutte et al. The Journal of Climate Change and Health 10 (2023) 100208
TaggedEndTaggedPchanges in climate resulting in pasture degradation, with many not-
ing less rain, more dust, harsher dzuds (extreme cold events),
increasing winds, and rising temperatures having a noticeable impact
on pastureland, with some mentioning desertification by name. Com-
bined with increasing mining of pastureland and growing herd sizes,
herders noted that climate change has impacted resource availability,
a shift in palatable forage, and declining quality of forage, which has
led to declining livestock health and profitability. Herders then
described that they increase their herd sizes and move more fre-
quently to follow good pasture to combat these loses, which results
in competition for limited natural resources between each other and
wild animals. The resources now in high demand include pasture and
sources of fresh drinking water. Herders are generally aware of these
interactions, explaining, “There are many changes for our pasture,
such as, the number of plant species has decreased, and herders use
the same area for a long time, thus pasture is getting degraded.” Spe-
cifically addressing these effects on livestock health, one herder said,
“Due to the lack of pastures and water, livestock fattening is deterio-
rating, and they are becoming more vulnerable. In addition, desertifi-
cation and high levels of dust have a significant impact on the lungs
of livestock.” The byproducts of mining are also implicated in
TaggedEnd Table 2
Coding of Answers for Question 3. How have changes to the environment impacted the h
one answer.

Q3 How have changes to the environment impacted the health

agree agree there are impacts, impacts unspecified
climate change changes to weather patterns, especially across seasons
rain changes to rain patterns, especially raining less
summer mention changes to summer weather patterns, especially a
winter mention changes to winter weather patterns including less
dust and droughts mention changes to the landscape in terms of desertificatio

stock health
less impact does not acknowledge a current impact on livestock health
unsure
mining mining has generally negative impacts on livestock, someti

toxins or trash left in the area
not enough for livestock
to eat

pasture degradation, availability, quality of flora are concer
animal products like cashmere, and vulnerability to illne

organs impacted mention inner organs (especially the lungs) being harmed,
mining

4

TaggedEndTaggedPlivestock health in this response that says, “Mining actions are chang-
ing natural landscape of our motherland. Mining sites are negatively
affecting our livestock health.” Dust and sandstorms were noted to
have direct impacts on human health, with herders responding,
“Because of dry air and droughts, our kids [are] having allergies” and,
“Due to dust & dry air, many herders had issues in their lungs.” Herd-
ers also noted the same issues with the lungs of their livestock. TaggedEnd

TaggedPFinancial impacts were a recurring theme, as livestock health was
reportedly declining, and the quality of animal products has been
reduced because of climate-driven environmental degradation. One
herder describes the situation, “Living as a herder is becoming more
difficult, especially for our finance. We could not produce good milk
and meat products and supply them to the market. Many livestock
are not fat enough to survive the harsh winters, which also has finan-
cial implications. Our livestock do not get enough fat to survive, and
wool and cashmere yield is decreasing.” One herder even implicated
the mental health effects of socioeconomic loss, saying, “I think that
it’s impacted negatively for our psychology and physical health.”TaggedEnd

TaggedH23.2. Foot & mouth disease has cascading impacts on human, animal,
and environmental healthTaggedEnd

TaggedPDespite documented increasing frequency of FMD outbreaks in
the Dornogobi Province in the last 20 years [4−6], twenty-four
respondents were unsure of the impacts or did not indicate that FMD
is a current challenge for herders. A few of the respondents said that
it was a problem in the past: “In the past, foot and mouth disease
only occurs in the eastern Mongolia, but now, it’s also occurring in
the central Mongolia including Gobi region. I think we will [be] safe
when we vaccinate our livestock. Foot and mouth disease is a danger-
ous disease.” Of the respondents who were unsure about its impacts,
12 (50%) also mentioned the impacts of FMD on wildlife, with one
saying, “Foot and mouth disease spreads in populations of wild ani-
mals; with time we will have real risk. We could not vaccinate them
like livestock. If we protect our livestock, wild animals are also pro-
tected.” Others claim wild animal populations are declining because
of the disease, especially the Mongolian gazelle. Several respondents
mentioned a risk of wildlife spreading the disease at common water
sources and a few mentioned a risk of animal-to-human transmission
of the disease, although FMD is not generally zoonotic and human
cases are rare. The few cases that have been recorded indicate that
human cases are characterized by fever, malaise, nausea, muscle and
joint pain as well as mucous membrane lesions of the mouth and
pharynx and on the hands and feet [15]. The only common impact
from FMD was a dislike of the restrictions of movement during out-
breaks; herders lament the restriction of movement during
ealth of your livestock? Note that some herder responses were coded to more than

of your livestock?

16
7
3

"late summer" 2
snow or harsh storms 4
n and more dust/dust storms having negative impacts on general live- 8

, may note a previous one or an impact seen in other regions 30
4

mes via pasture degradation, sometimes via unnatural by-products like 16

ns, as they lead to livestock not getting fat enough, decreased quality of
sses

32

usually by the increased dust and desertification and/or by increased 7
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TaggedEndTaggedPoutbreaks, as they are not allowed to migrate with herds during isola-
tion efforts. While this poses an issue for feeding herds, herders seem
to recognize that it is necessary to stop the spread of FMD.TaggedEnd

TaggedPDespite a consensus that FMD was not a current concern, many
respondents noted the socioeconomic impacts of environmental degra-
dation and FMD. A frequent response among respondents was that
“Herder livelihoods are deteriorating,” and one respondent connected
all three aspects of One Health to FMD outbreaks, stating, “If our live-
stock die due to any disease or climate challenge, it is big pressure on
our finances.” A few respondents mentioned the detrimental impacts
of restricted movement on finances, with one saying, “Foot and mouth
disease, if spread to many different regions in Mongolia, it’s very bad
for finance and economy,” and, “Livestock could not get enough fat. So,
we are not able to sell our meat and milk products.”TaggedEnd

TaggedPWhen asked about the drivers of FMD transmission, respondents
noted shifts in herder movement because of variable or limited
resources driven by climate change and mining. Some respondents
mentioned the struggles of climate change and pasture availability;
the consequences of mining on pasture were again raised by a herder
who disclosed, “Pasture degradation maybe resulted from mining
action; we moved many times looking for good pasture over the
course of the year.” Many couple their response of increased and/or
unregulated movement with a nod to the increasing size of herds, an
increase specifically in sheep and goats. Many responses point out
the lack of vaccination in some herds, which then travel from areas of
outbreak to uninfected areas, bringing FMD with them. One herder
explained, “I think it’s due to herders’ movements. When there is
poor pasture and water, herders move to another place that is better
than previous one, with some disease. Sometimes, their livestock did
not get the vaccine.” All three areas of One Health are exemplified in
this response (Fig. 2). As Fig. 2 describes, herders mentioned that to
find what good pasture is left, they must move more often, which
increases interactions with other herds and with wild animals, both
of which can be sources of disease transmission. FMD is highly conta-
gious and because animals must quarantine or be culled if they have
contracted FMD, herders combat the loss of livestock from disease by
increasing how many animals they own; larger herds mean more
overgrazing and pasture degradation, which is already a declining
resource due to more mining and climate change/desertification, so
the cycle continues. TaggedEnd

TaggedFigure

Fig. 3. Tree-map of the frequency of responses to Question 9, How have

5

TaggedH23.3. Improved One Health approach to FMDTaggedEnd

TaggedPTree-maps in Figs. 3, 4, and 5 are used to show the participant’s
answers to the One Health approach. When asked how diseases such
as FMD have been addressed by governmental policies (Question 9),
42 respondents (40%) indicated vaccination, 29 were unsure (5 of
those denying any government interaction has occurred), and 24
agreed that the government had policies but did not specify (Fig. 3).
Isolation of infected animals and vaccination were the two methods
indicated by respondents that they used most for controlling FMD in
their herds (Fig. 4).TaggedEnd

TaggedPThe most common recommendations from herders to prevent the
spread of FMD in the future included continued or more regular vac-
cination of livestock (35 responses), improved veterinary efforts (24),
improved pasture management (19 responses), and increased com-
munication and education about FMD prevention (16 responses) as
indicated in Fig. 5. Ten (10) respondents noted a need to adhere to
current protocols in place, specifically the vaccination and isolation
efforts. Many herders noted the importance of pasture management
in the efforts of disease prevention, demonstrating a thorough under-
standing of how environmental and animal health are linked with
their desire to improve the quality over the quantity of livestock, as
well as a desire for stricter regulations for herder movement. One
respondent asserted “We need to reduce movement of herders. And
we need to improve our pasture’s quality and rehabilitation.”TaggedEnd

TaggedH14. Discussion TaggedEnd

TaggedPThe relatively young age of the herders responding to our ques-
tionnaire probably is due to the age group between 30 and 45 being
the largest percentage in the population, because the 1970s to the
19800s was the period of highest birth rate in Mongolia due to gener-
ous birth and child benefits during the Communist period. Birth rates
have declined significantly since the end of the Communist period at
the end of the 19900s [16−18]. TaggedEnd

TaggedPThe results from this study demonstrated that herders provided a
unique understanding of the cyclical nature and relatedness between
environmental, animal, and human health needed to improve One
Health approaches to FMD. Focusing on relatedness is a spiritual and
cultural viewpoint on the role that humans play in a connected
diseases such as FMD been addressed by governmental policies?. TaggedEnd



TaggedFigure

Fig. 4. Tree-map of the frequency of responses for Question 10, What resources do you use to prevent or respond to livestock diseases such as FMD? Note that some herder
responses were coded to more than one answer.TaggedEnd
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TaggedEndTaggedPsystem, which may provide a unique perspective on how to under-
stand One Health and its goals in a transdisciplinary environment. If
relationships are built, we see an opportunity for One Health practi-
tioners to collaborate with nomadic herder communities to further
explore this idea of relatedness and how it can be embedded into
education and management of FMD. TaggedEnd

TaggedPHerders almost unanimously noted evidence for environmental
degradation due to climate and mining, which has negatively
impacted livestock and herder health. Mining is a rapidly expanding
industry in Mongolia, and while it provides new jobs in rural areas,
mining processes increase dust, deplete and likely contaminate the
water sources and decrease pastureland used by herders [10,19]. The

TaggedFigure

Fig. 5. Tree-map of Herder Responses to Question 11. What strategies do you think would b
stock health in the future? Answers were sub-coded as indicated on the right label. Note that

6

TaggedEndTaggedPsame dust that herders associated with lung damage in both humans
and animals in this survey is also known to ruin milk curds and cash-
mere before these animal products can be sent to the market [19].
While climate and ecological data can provide clear trends in data,
this firsthand knowledge of the current cascading impacts of climate
change on animal and human well-being provides predictions
and knowledge that are critical for prevention of FMD and climate
mitigation. TaggedEnd

TaggedPAligned with One Health theory, herders demonstrated how deg-
radation of pastureland due to climate and mining is correlated with
human and animal health. Herders were acutely aware of this, as
they further described the socioeconomic impacts of climate change
e most effective in preventing livestock disease transmission and the promotion of live-
some herder responses had more than one answer code. TaggedEnd
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TaggedEndTaggedPand FMD, visualizable as a cycle. Because animal products are either
sold at the market or consumed by the herders, laws prohibiting the
sale of meat of infected animals ensure that sickly livestock directly
correlate with less income and greater food insecurity. In 2020,
Limon et al. [10] quantified that approximately 50% of their surveyed
herders were forced to borrow money to pay for necessities like food,
medicines, or loans because of the 2017−2018 FMD outbreak. Survey
responses from questions 5 and 6 explicitly agree with Limon et al.
[10], that socioeconomic difficulties like unsteady income and food
insecurity were intensified by FMD. Other major themes included
herd sizes and increased movement of herds, with livestock numbers
increasing from 1,036,590 in 2000 to 2,551,545 in 2020 [20]. Com-
bined with reports of pasture shortages due to climate change and
mining, it is no wonder herders must move more often to keep these
larger herds fed. This, however, puts strain on the shared natural
resources of pastureland, according to Dangal et al., contributing to
the aforementioned cycle [11]. TaggedEnd

TaggedPHerders primarily use isolation efforts and vaccination to pre-
vent the spread of FMD, highlighting a need for improved commu-
nication and adherence to movement and vaccination protocols.
While isolation may be necessary to stop disease spread, keeping
herds in one location on a prolonged basis poses additional strain
on an already taxed landscape and endangers animal nutrition,
contributing to the overgrazing component of the Fig. 2 cycle. In
the future, herders want to continue these isolation protocols and
vaccination efforts; however, some mention slight alterations to
the current regimen. For instance, a regular vaccination schedule
twice a year would make it easier to keep track of which herds
have been vaccinated and when the animals are next due. Some
herders proposed that knowledge of FMD be communicated
through more frequent educational workshops taught by veterinar-
ians. Being able to thoroughly understand the warning signs and
symptoms of newly infected livestock may enable herders to sepa-
rate infected livestock without having to wait for the veterinarians,
saving many animals from infection and culling, and thus protect-
ing herder incomes. Culling of livestock also results in public
despair, loss of trust in authority, and even health impacts amongst
livestock owners [21], which is consistent with the physiological
despair one respondent conveyed. TaggedEnd

TaggedPMongolia’s rich tradition of herding and generational connection
to natural resources gives herders a unique perspective on the effects
of climate change and landscape degradation on animal health and
human wellbeing. Metrics like the ones used in Dangal et al., which
considers daily observations of people of the land and weather, are
far more reliable for understanding the big picture effects of climate
change on animal and human health [11]. A One Health perspective
excels at finding these big picture effects by considering multiple
angles of a single problem and has been increasingly utilized for
infectious disease outbreaks. In this case, herders from Ikh Nart dem-
onstrated their knowledge of the cycle of climate change, pasture
degradation, declining livestock health, and subsequent income loss
and the way FMD exacerbates this cycle. Herders also provided a
unique perspective on the relatedness between people and nature,
and demonstrated an opportunity to include cultural and spiritual
dimensions into a One Health approach. There needs to be a transdis-
ciplinary framework for engaging local communities in the design,
implementation, and evaluation of all One Health approaches to miti-
gate the impacts of climate change and disease transmission. The
herder answers also indicate that many were unsure of which poli-
cies were in place to help them manage FMD (Fig 3). Although there
are international policy guidelines and national policies that the
Mongolian government initiates to manage FMD [10, 22], these poli-
cies do not seem to be understood by herders as preventive measures
against FMD spread. There is a need for more direct education on
how the preventive measures are supposed to help contain spread.
Limon et al. [10] found that the containment policies also led to
7

TaggedEndTaggedPnegative socioeconomic consequences for herders. In our study vacci-
nation was the control measure most favored by herders and this is
probably because it causes the least economic impact for them, as it
prevents both culling and death of animals when an outbreak occurs. TaggedEnd

TaggedPOur results may not be generalizable to the whole of Mongolia
since we only surveyed herders in a specific area being managed for
conservation, and herders in the area already may be primed to
understand how climate change and its environmental effects affect
their health and the health of their livestock. Another limitation of
our work is that we relied on translation of herder answers and the
filling out of the questionnaires by herders did not allow for follow-
up questions, which may have further elucidated information that
their answers on paper did not allow us to decipher. Many survey
responses were brief and contained phrases without explanation of
their greater context, which often had to be extrapolated based on
deductions from similar answers with more context given by other
herder respondents. TaggedEnd
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