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Abstract
1. Rangelands are multi-use landscapes which are socially and ecologically important in different ways. Among other interactions, shared use of rangelands by
wildlife and livestock can lead to disease transmission. Understanding wildlife
and livestock health and managing disease transmission in rangelands requires
an integration of social and ecological knowledge.
2. Using the example of Western Kazakhstan, home to two types of ungulate
hosts, the critically endangered saiga antelopes, Saiga tatarica, and livestock,
we conducted a cross-scale analysis of social-economic, ecological and climatic
factors that contribute to transmission of diseases We focused on gastrointestinal nematodes (GINs) because they are transmitted between hosts that share
pasture and they affect ungulate fitness. We used an interdisciplinary social–
ecological methods approach which included conducting faecal egg counts of
GINs in saigas and livestock, semi-structured interviews and focus group discussions with livestock owners and herders in the region, and triangulation of
information through secondary sources.
3. Livestock rearing was done in two ways: (a) village-based livestock and (b) outlying farms. The latter overlapped more with saigas. Village-based livestock
had significantly higher worm burdens than those on outlying farms, which had
comparable burdens to saigas. Various factors exacerbate GIN prevalence and
transmission: Veterinary services are minimal; both saiga and livestock numbers are increasing; and changing climate is increasing farmers' dependence on
shared pastures for hay production. It will be crucial for saiga conservationists
to engage in multi-pronged conservation interventions, which are evaluated and
adapted through the lens of rural livelihoods and the livestock health on which
they depend.
4. Our work provides researchers and practitioners with an avenue to better understand complex inter-relationships and plan interventions within rangelands,
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while viewing host health from an interdisciplinary perspective—ultimately
working towards wildlife conservation while safeguarding livelihoods across the
world's rangelands.
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disease, gastrointestinal nematode, goat, pasture, saiga, sheep, social–ecological system,
ungulate
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I NTRO D U C TI O N

1.1 | Background

between factors such as resource availability, climate and disease,
nestled within complex interactions with livestock in pastoral systems, produce a net effect on wild species (Sæther, 1997). For instance, climate change influences forage availability for ungulate

Rangelands, comprising grasslands, shrub-lands, savannas and

hosts, parasite–host assemblages and also interactions between the

marshes grazed by livestock and wildlife (Allen et al., 2011), cover

two through host nutritional status (Brooks & Hoberg, 2007).

c. 40% of all land, and provide habitats for multiple species (Reid

From this point of view, endoparasites, particularly gastrointes-

et al., 2008). Rangelands provide ecosystem services like carbon se-

tinal nematodes (GINs), are of particular interest in rangelands as

questration, contribute to satisfying the growing demand for live-

they are determinants of fitness for wild and domestic ungulates

stock products and hold important biodiversity (Hobbs et al., 2008;

(Gulland, 1992; Perry & Randolph, 1999). Indirect contact, particu-

Thornton, 2010). Much wildlife, including the critically endangered

larly via pasture sharing, can enable cross-transmission of trophically

Saiga antelopes Saiga tatarica and various declining populations of

acquired GINs, whose development on pasture generates a lag time

reindeer Rangifer tarandus, call rangelands their home. Most of these

between pasture occupation and infectivity (Morgan et al., 2006).

species live outside Protected Areas, sharing rangelands with mil-

Because part of GIN's life history is affected by environmental

lions of people and their livestock (Reid et al., 2008).

conditions, changes in climate are likely to impact them profoundly

Worldwide, there are >200 million pastoralists. Their livelihoods

(Brooks & Hoberg, 2007). In rangelands, human intervention to re-

depend on livestock raised either on communal or private pastures,

duce or mitigate the impacts of GINs can strongly influence their

with varying mobility (Niamir-Fuller et al., 2012). Around 550 million

presence in livestock and consequently co-transmission with wild

of the world's poor people (living on less than $1.25/day) depend

ungulates (Weinstein & Lafferty, 2015). To ensure effective GIN

on livestock as one of their few or only assets. c. 58 million of them

management, it is critical to incorporate these social determinants

live in rangelands (Robinson et al., 2011). Rising global demand for

of livestock health to fully understand the disease transmission dy-

livestock products (Otte et al., 2012) may increase human impact on

namics. For instance, broad-spectrum anthelmintic use in livestock

both wildlife management and pastoralism in rangelands. Alongside,

is common, often either strongly suppressing GINs or causing re-

poverty and vulnerability are high in rangelands in developing coun-

sistant strains to persist (Weinstein & Lafferty, 2015). Van Veen

tries, with climate change set to increase weather volatility and im-

(1997) summarized activities by transhumant livestock owners

pact already-vulnerable pastoralists (Thornton et al., 2014). While

across Central Asia and Africa to evade disease transmission (includ-

the links between climate change, food security and vulnerability

ing GINs), showcasing local understanding of disease epidemiology.

are complex, increased understanding of these interactions can

Yet, understanding of disease mechanisms and management at the

enhance interventions to support adaptive capacity of rangelands

livestock–wildlife interface remains limited, particularly with respect

(Boone et al., 2018).

to GINs (Rhyan & Spraker, 2010).

The sharing of pasture by multiple species of domestic and wild

Moreover, while many studies consider a number of ecological

ungulate can lead to interactions which may be positive, for example,

and social factors influencing rangelands, advances in integrating

facilitation (e.g. Odadi et al., 2011), neutral, that is, coexistence with

these components to reconcile potentially competing goals (e.g.

limited interaction (e.g. Mori et al., 2020) or negative, for example,

livelihood and wildlife conservation) have been limited (Hruska

competition (e.g. Bagchi et al., 2004). Pasture sharing can also lead to

et al., 2017). For instance, ecological research has seen considerable

disease transmission, which can impact livestock-based economies

focus on grazing regimes and ecological indicators with limited con-

(Reid et al., 2008) and wild ungulate health (Smith et al., 2009). This

sideration of the goals of livestock owners. Similarly, social science

is particularly relevant for wild ungulates as pathogen assemblages

has provided a lot of information on rangeland users, but has fo-

are associated with host phylogeny (e.g. Walker & Morgan, 2014).

cused less on how social and ecological factors combine to produce

Pozo et al. (2021) identified four social–ecological challenges un-

ecological outcomes (Brunson, 2012). Rangeland research and man-

derlying conflict between livestock production and wild herbivore

agement, particularly concerning host health, cannot overlook the

conservation, of which disease transmission is one. The interplay

human dimension if it aims to be applied.
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Given the intricate interconnections between people, their

across spatial scales to affect host health in a multi-use rangeland

livestock, wildlife and the collective social, political and ecological

system. Given the social–ecological complexities of rangelands, we

surroundings of wildlife and livestock, it is clear that rangelands

expected that various factors would interact to affect disease prev-

are intertwined social–ecological systems (Hruska et al., 2017; Reid

alence and transmission. To investigate this, we used mixed methods

et al., 2014). Consequently, host health and disease management in

within a social–ecological approach. This included conducting fae-

rangelands is also a social–ecological concern (Valente et al., 2020).

cal egg counts of GINs in wild and domestic hosts, semi-structured
interviews and focus group discussions with livestock owners and

1.2 | Research questions and aims

herders in our study area and triangulation of information through
secondary sources.
Inter-relationships between different factors affecting host

We aimed to understand the inter-relationships between ecologi-

health within rangelands are scale dependent (Cash et al., 2006).

cal, social, economic (market related), political and climatic factors

Each scale may have different social and ecological patterns and

affecting host health in rangelands (Figure 1). We look for evidence

processes at different hierarchical levels (Hruska et al., 2017). For

of links between different factors by mapping their directionality

instance, in the case of rangeland sustainability, the grazing distri-

and strength, while considering uncertainties and discuss the like-

bution of wild and domestic animals may be critical at the level of a

lihood that these links might change in the future. We illustrate

rangeland ecological site. This is driven by ecological processes de-

this approach using a case study from the Western Kazakh range-

termining resource availability and social management systems that

lands, where saiga antelope, Saiga tatarica, shares pastures with

determine livestock location (Western et al., 2009). However, at the

livestock.

regional level, market prices and legislation governing land access

While various pathogens of concern exist, we focused our work

and use may be important (Hruska et al., 2017). Due to financial and

on GINs (hereafter ‘health’ and ‘disease’ is in reference to GINs un-

logistical constraints, it is most feasible to concentrate analysis at

less stated otherwise) because indirect contact, particularly via pas-

one or few spatial scales. Therefore, for simplicity and applicability

ture sharing, can facilitate cross-transmission of trophically acquired

to real-world management decisions, we distinguish in our work be-

GINs. We restricted our work to wild ungulates (saigas) and small-

tween two scales: (a) the ‘local’ scale, which refers to factors affect-

bodied domestic ungulates (sheep and goats) for two main reasons:

ing host health at a pre-defined location, in our case the calving and

(a) these are the main grazers in this system and (b) because phy-

summer range of saigas in 2019 in Ural (see Section 2.1 below) and

logenetic relatedness is a good predictor of resource competition

(b) the ‘regional’ scale, which refers to broader factors that affect

and disease transmission. Saigas in Kazakhstan are known to share

host health.

the majority of their GIN species with sheep and goats (Morgan
et al., 2005; Appendix S1).

Thus, at the local scale, we aim to compare spatial distributions
of livestock and saiga to determine whether these result in contact

Research questions used to explore each type of inter-

patterns enabling disease transmission. We also compare the abun-

relationship are illustrated in Figure 1 and defined in Table 1, which

dance and diversity of GINs across species and investigate local

also highlights key uncertainties based on literature. Our overar-

disease control efforts among livestock owners. More broadly, we

ching research question was to investigate how ecological, social,

look at the mandate and coverage of veterinary services in our study

economic, political and climatic factors interact with each other

area, investigate the impact of land access arrangements and market

F I G U R E 1 A schematic representation of the various factors affecting host health within a rangeland system. Each box represents a
component (Table 1). Adapted from Reid et al. (2014) and Hruska et al. (2017)
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access on livestock grazing, and the implications of climate change

afford seasonal migration (Kerven et al., 2016, 2021). Nonetheless,

for the study system.

those with larger livestock holdings increasingly leased pasture fur-

Given the complexities involved in these systems, our approach

ther from villages, out in the steppe (Kerven et al., 2021). Therefore,

is primarily descriptive, at least initially. Through our work, we hope

we divide livestock holdings into two types: village based and out-

to highlight and map the interdisciplinary and cross-scale nature of

lying. Most village-based livestock are held by private households

the research required to better understand and manage livestock–

which are not registered as farmers and cannot lease land. Their

wildlife interactions through GIN disease and shared resource use.

animals thus usually graze on village lands (usually up to a 3km radius around the village) physically demarcated and legally designated

2
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M E TH O DS A N D M ATE R I A L S

2.1 | Study area

for common use, although some types of livestock (e.g. horses) may
roam much further. Outlying holdings belong to registered farms
and utilize land parcels leased privately, beyond the village lands.
Villages employ the khyzyk system, where all the sheep and goats
owned in the village are grazed together as one herd, with herding

Kazakhstan's rangelands are home to >80% of the global popula-

duties rotating among owner households daily. Animals at outlying

tion of critically endangered saiga antelope (CMS Saiga MoU, 2015).

stations are grazed in single-owner herds.

Saiga habitat is a predominantly flat, treeless landscape characterized by hot, dry summers and severe winters. Annual rainfall is low,
varying from an average c. 300 mm in the steppe to c. 250 mm in
semi-desert and c. <250 mm in desert zones. Migrating saigas use all
these zones seasonally, spending summer in the north and winter in

2.2 | Data collection and analysis
2.2.1 | Social factors affecting host health

the south (Bekenov et al., 1998). Saigas congregate in dense aggregations in early to mid-May. Calving grounds usually cover around

Given the logistical issue of covering all farms in vast and remote

150–900 km2 (Bekenov et al., 1998) with site selection increasingly

areas, we used a snowball sampling strategy (Noy, 2008) to obtain a

driven by human disturbance (Singh et al., 2010). Calving is a critical

representative sample of outlying farm owners to interview, as well

life-history period for saiga (Singh et al., 2010); for example, a recent

as one key informant per village. We considered our sample to be ad-

mass mortality event during calving, though driven by a temperature

equate when all additional respondents provided similar responses

and humidity anomaly, was probably exacerbated by calving-related

to previous ones.

stresses (Kock et al., 2018).

We conducted 46 semi-structured interviews with livestock

We focused on the calving and summer distribution of the Ural

owners and professional shepherds; 11 in villages and 35 on outlying

population in Western Kazakhstan Province (Figure 2). We chose

farms. Answers for village-based livestock were obtained at the level

to work in this area as livestock and saiga population densities and

of each khyzyk (as these animals are managed as single flocks), while

overlap are particularly high, both seasonally and annually, com-

answers for outlying livestock were obtained at the level of each

pared to other saiga populations (Dara et al., 2020). Hunting follow-

outlying farm. From each village, we interviewed a member of the

ing the collapse of the Soviet Union caused major declines in saiga

khyzyk who served as the key informant for the village—all villages

numbers range wide and remains a threat (CMS Saiga MoU, 2015).

we visited had one khyzyk. These informants were identified by the

However, although the Ural saiga population fell from 236,000 in

khyzyk members and chosen based on their knowledge about live-

1991 to 26,400 in 2013, it had recovered to around 217,000 by

stock management.

2019 (Zuther, 2020). Livestock numbers across Kazakhstan are also

We also conducted key-informant interviews with veterinary of-

currently recovering from their post-Soviet Union decline (Kerven

ficials where possible, particularly to validate livestock health infor-

et al., 2016), providing a renewed threat of disease transmission

mation (n = 5). The aim was to understand livestock rangeland use,

to saigas. There is even a perception that in Ural, exploitative re-

livestock composition and distribution and livestock health and its

source competition between saigas and livestock might be occurring

management (Table 1). We also collected information on livestock

(Satke, 2020). Given this background and that livestock densities are

numbers at each village and outlying farm, and calculated stock-

currently low in the other populations (Dara et al., 2020; Khanyari,

ing densities by dividing the number of animals (individual stocks

Robinson, Morgan, Brown, et al., 2021), saigas are more likely to

of sheep and goat) by the area grazed (demarcated by interview-

come in contact with livestock in this population than the others,

ees and key informants as circles, with radius equal to the furthest

making it a relevant case study site.

distance routinely grazed from the central point). Quantitative and

Historically, Kazakh pastoralists followed long-distance sea-

semi-quantitative answers to these questions were analysed using

sonal migratory routes. This remained so during the Soviet period

descriptive statistics and bootstrapped with replacement (10,000

as a result of support for State Farms. However, after the Soviet

iterations) to estimate means and 95% confidence intervals. Where

collapse, State Farms were broken up and herds fragmented among

applicable, bootstrapped t tests were used to compare significance.

thousands of small private households and farms. Many people were

The questionnaire is shown in Appendix S2. The survey was ap-

constrained to graze their animals around villages, as they could not

proved by the University of Bristol's Ethical committee (Ref: 85482).
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Consent was established orally before the surveys. Written consent

of the mini-FLOTAC technique is 5 EPG. Parasites were identified

was not obtained as most respondents were not literate. All the re-

to morphologically distinguishable egg types, since overlap in egg

sponses were coded, and respondents' names or other identifying

appearance limits species-level identification.

features were not used or shared to ensure anonymity.

As our sample sizes were small, we bootstrapped our data with
replacement 10,000 times to obtain means and 95% confidence intervals (0.025 and 0.975 quantiles) of faecal egg counts for livestock

2.2.2 | Local ecological factors affecting host health

and saigas. We used the bootstrap t test to compare mean abundance of endoparasites between saigas and livestock.

The Association for Conservation of Biodiversity of Kazakhstan

To supplement the livestock FEC data, we developed impact

(ACBK, an NGO) has been monitoring saigas for several years. They

scores to assess the effect of endoparasites on livestock health. This

record exact GPS locations of saiga calving sites, rough maps of saiga

was done by direct questioning of the livestock caretakers, who ad-

locations in other seasons and a saiga population count. These in-

judged the impact of endoparasites (particularly GINs) on a scale of

clude historic saiga locations (Singh et al., 2010), and updated loca-

0–5 (5—animal dies; 4—alive but useless, in terms of what they de-

tions since. We delimited the calving and summer distributions of

fine productivity to be; 3—severely impacted; 2—impacted but not

the Ural saiga population through a combination of field surveys

so severely; 1—little impact; 0—barely noticeable). A Mann–Whitney

and expert opinion of researchers within ACBK. As fine-scale calv-

U-test and a frequency analysis using Fisher's exact test were used

ing location can change annually (Singh et al., 2010), we identified

to assess differences in impact scores across village-based and out-

specific calving locations in 2019 (the year of the study) from aerial

lying livestock.

and ground surveys conducted by ACBK (see Singh et al., 2010 for
survey methods).
Within the calving and summer areas, fresh faecal samples were

2.2.3 | Regional factors affecting host health

collected from sheep, goats and saigas. At least one pooled faecal
sample was collected from each village and outlying farm inter-

The same interviewees and key informants described in Section 2.2.1

viewed. Because sheep and goats are herded together and kept in

were used to gain information on the market, policy and climate-

enclosures at night, these samples were collected from the ground

related factors affecting host health. The questions revolved around

of enclosures or pasture, and comprised faeces from multiple indi-

the components affecting livestock production (Figure 1): market

viduals (i.e. pooled samples of at least 15 individuals), which could in-

demand, land tenure laws, veterinary regimes and the impact of cli-

clude sheep and/or goats. Results are therefore presented for small

mate and climate change on host health (see Appendix S2). Where

ruminants in aggregate, and it was not possible to separate parasito-

possible, information from interviews was cross-validated with infor-

logical results by livestock species. Between 5th May and 2nd June

mation in published literature and public datasets: We cross-verified

2019, we collected and analysed 155 pooled faecal samples: 79 from

claims about changes in livestock numbers by looking at livestock data

saigas and 76 from livestock (split equally between outlying farms

from the Kazakh Bureau of National Statistics (stat.gov.kz, 2020).

and village-based livestock). Livestock samples were pooled for each

Livestock numbers were available by province and district from 2014

village or outlying farm and saiga samples were pooled at the level of

to 2020. Our study falls primarily in the Zhanybek district of Western

the study population (following Morgan et al., 2005).

Kazakhstan province; hence, we extracted data for both and analysed

Faecal samples were analysed for helminths using the mini-

the trend in numbers of sheep and goats, which are recorded in ag-

FLOTAC technique (Cringoli et al., 2017), which uses flotation–

gregate as small ruminants, and all livestock (sheep/goats, cattle and

dilution to quantify parasite egg density, expressed as Faecal Egg

horses) over time using Pearson's correlation against year. We cross-

Counts (FEC). FEC in an aliquot of pooled faecal sample should be

verified claims about climate change by referring to literature and on-

a good reflection of the average individual FEC (Morgan, Cavill,

line climate data. Daily temperatures and precipitation were obtained

et al., 2005). While FEC do not correspond precisely to counts of

from the POWER Data Access Viewer (DAV) (POWER, 2020). We

adult helminth worms within the animal, there is a correlation be-

used the POWER Single Point Data Access widget which provides ac-

tween the two, including in ungulates in this system (Morgan,

cess to near real-time 0.5 × 0.5 degree datasets, obtained for the years

Shaikenov, et al., 2005). FEC provide a direct measure of the relative

2000–2019 and averaged across the calving and summer saiga range.

contribution of different hosts to pasture contamination. Given their

We generated a scatter plot of the time-series data and checked for

adverse impact on wild and domestic ungulate health and fitness,

trends over time using Pearson's correlation, after plotting the residu-

we were particularly keen to investigate the existence of strongyle

als of the original data to rule out auto-correlation.

helminths in both hosts.

To better contextualize the information from the semi-structured

Following the protocol described in Cringoli et al., (2017), 5 g of

interviews, we conducted 15 focus group discussions (FGDs;

faeces was analysed per sample in 45 ml of saturated salt solution.

Nyumba et al., 2018). Group size was 3–11 people (average = 6). As

The number of eggs found for each parasite was recorded for each

grazing is mostly managed by men, most participants were males

sample and multiplied by a factor of 5 to obtain the total faecal egg

(32–68 years old) and included farmers and government employees.

count (FEC) in eggs per gram (EPG) of faeces. Thus, the sensitivity

However, where possible, we tried to include female respondents

6

|

KHANYARI et al.

People and Nature

TA B L E 1 Components of the conceptual model in Figure 1 that aims to map factors and their interactions affecting host health in multi-
use systems. Although shared pathogens can, in principle, impact both livestock and wildlife, we are most concerned with the conservation
implications of transmission from livestock to wild ungulates. GIN, gastrointestinal nematode

Component*

Potential interactions with
and implication for host
health

Key uncertainties when considering
impact of factors on host health

Research question

Wild ungulate distribution

Cross-species disease
transmission depends
on contact patterns,
governed by host
distribution and
movement (Vosloo
et al., 2002)

Distributions may cover vast areas
and be highly dynamic in a
changing environment (e.g. Singh &
Milner-Gulland, 2011)

Does saiga distribution result in contact
patterns which can enable disease
transmission from livestock?

Existing prevalence and
diversity of pathogens

Depending on species
and abundance, GINs
may cross-transmit
and are determinants
of fitness in wild and
domestic ungulates
(Gulland, 1992; Perry &
Randolph, 1999)

Identification of pathogens can be
resource intensive (Avramenko
et al., 2019). GIN eggs are deposited
in the environment in faeces, where
they develop to infective larvae, which
then move onto herbage. Larvae are
ingested by hosts during grazing.
Climate/weather and availability of
forage impact this process and if not
accounted for, leads to uncertainty
(Rose et al., 2015)

What is the abundance and diversity of
GINs, and how do helminth burdens
compare between saiga and livestock
(across different livestock grazing
practices)?

Livestock distribution and
grazing patterns

Cross-species disease
transmission depends
on contact patterns,
governed by host
distribution and
movement (Vosloo
et al., 2002)

Micro-scale grazing patterns/movement
can facilitate transmission (Wilcox
and Colwell, 2005). Stocking densities
and livestock herd composition can
determine magnitude of impact on
livestock health and transmission to
wildlife (Macpherson, 1995)

Do livestock distributions and grazing
patterns result in pasture sharing
with saiga? How does this differ
between different livestock grazing
practices?

Human interventions to
manage disease

Human (herder/owner)
interventions can
improve livestock
health by reducing
pathogen burdens—but
interventions may lead
to adverse effects, for
example, drug resistance
(Charlier et al., 2014)

Changes in diseases targeted by
treatment may in fact, reflect net
effects of other factors (Brock
et al., 2014). Human interventions,
especially in resource-poor
environments, tend to be dynamic and
erratic (Van Veen, 1997)

Are there prevalent antiparasite
interventions that can influence GIN
burdens in livestock and potentially
in saigas?

Veterinary mandates and
tools

In many countries, disease
mitigation programmes
(e.g. vaccination/use
of anthelmintics) are
determined at specific
levels of government.
Their implementation,
and alternative private
provision of health
care, can directly alter
livestock health, with the
potential to affect wild
host health

Veterinary services are set at varying
levels of government (e.g. national),
but can differ between spatial
scales within a country (e.g. states/
provinces) Additionally, sometimes,
this information is not always publicly
disclosed

What is the state of veterinary
services in our area of interest? Are
there services that can deal with
suppression of GINs?

KHANYARI et al.
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TA B L E 1 (Continued)

Component*

Potential interactions with
and implication for host
health

Key uncertainties when considering
impact of factors on host health

Research question

Legislation and institutions
governing land access
and use

Can directly or indirectly
influence contact
patterns between
wild and domestic
hosts (Robinson &
Milner-Gulland, 2003;
Weinstein &
Lafferty, 2015)

While property rights legislation
is determined at the national
level, implementation can differ
considerably between regions and
other spatial scales within a country
(e.g. states/provinces and districts).
Presence of a law does not guarantee
its enforcement, while many informal
arrangements may exist. In many
cases, economic factors may be more
important in determining land-use
decisions (Robinson et al., 2016)

What are the laws regarding land use in
our area of interest, and what are
their implications for host health?

Increasing demand for
livestock products

This can alter livestock
herding and health
management practices,
in turn potentially
altering livestock and
wild ungulate health
in multi-use systems
(Thornton, 2010)

Market drivers operate at various scales,
with manifold impacts on livestock
management practices. It is difficult to
tease these apart (Thornton, 2010)

What is the demand for livestock
produce from our study area?
How does this impact livestock
management strategies with
implications for host health?

Existing climatic regime
and potential future
changes

Climate contributes to
host contact patterns
and availability of
pathogens of concern
(Rose et al., 2015; Vosloo
et al., 2002)

It is difficult to decouple the impact of
climate from the many confounding
variables and interactions determining
host health in rangelands (Pruvot
et al., 2020). There is uncertainty in
understanding future trajectories of
climate and hence its implications
for host–parasite assemblages—
particularly in remote-data-poor
regions (Rose et al., 2015)

What impact is climate having on the
interactions between the rangelands
and hosts, and what is the
implication of this for host health in
our study area?

*Colours of the column correspond to the legend represented in Figure 1.

in our discussions. To compare change over time, a reference point

entities leased by single owners (usually a family) and used through-

of the period just after the collapse of the Soviet Union in 1991 was

out the year. Reasons for this may include costs of movement and

used. This time brought sudden and remarkable social and economic

high transaction costs of obtaining a 49-year land lease, currently

change and was readily identified by participants.

allocated by auction. Lastly, climatic alterations in the summer and
winter are negatively affecting the quantity and quality of forage.

3
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R E S U LT S

3.1 | General overview of results

This in turn is affecting livestock health, resulting in compromised
productivity and even death. Moreover, climatic alterations are also
resulting in pastoralists not being able to collect enough hay as there
is less growth. Additionally, saiga numbers are growing rapidly and
they are eating the grass that farmers normally harvest for hay.

At the local level, we found that livestock rearing was done in two

Results are explained in detail in the following sub-sections.

ways: (a) village-based livestock and (b) outlying farms. The latter

Overall, it is evident that various factors are exacerbating GIN preva-

overlapped more with saigas. Village-based livestock had signifi-

lence and transmission: both saigas and livestock host GINs and both

cantly higher worm burdens than those on outlying farms, which had

are increasing in number; veterinary services are minimal; livestock

comparable burdens to saigas. Treatment against worms was limited

movements are now limited; and a changing climate is increasing

and spatially variable. Village-based livestock were primarily treated

farmers' dependence on hay pastures, which are shared with saigas.

with anthelmintics, while outlying farms predominantly did nothing
or consumed individuals showing signs of disease.
Zooming out to the regional scale, we found that increasing de-

3.2 | Livestock distribution and grazing patterns

mand for livestock products is driving increases in livestock numbers.
We also found that the traditional seasonal movement of livestock

Using available district land committee (cadastre) maps covering the

seldom occurs now, as most outlying farms are single sedentary

saiga's spring and summer range, we were able to identify and visit

8
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F I G U R E 2 Map displaying the three populations of Saigas in Kazakhstan. We worked in the summer/autumn range (smaller red square)
of the Ural population (larger red square). Spring calving areas are found within the summer/autumn range. Inset map shows the location of
Kazakhstan

F I G U R E 3 Map displaying saiga distribution along with locations of outlying and village-based farms visited. Outlying farms not
interviewed (white circles) were visited with the intention of conducting interviews, but owners/caretakers were reluctant or too busy
to participate. Grazing areas are exact for interviewed outlying farms and villages, while they are an estimate for non-interviewed farms
as identified by our five veterinary key informants who visit them occasionally. The inset map shows the map of Kazakhstan divided by
districts. The arrow in the inset situates the study areas within the Western Kazakhstan district. The grassland and desert eco-regions are
delimited on the map based on Olson et al. (2001)
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11 villages and 68 outlying farms. This included more than c. 70% of

significantly higher burdens compared to both of them (bootstrap

outlying farms within the saiga summer and calving distribution. A

p < 0.05, Table 3). Strongyle nematodes and Nematodirus sp. GINs,

few of the outlying farms were abandoned or had absentee owners.

along with the tapeworm Moniezia sp., were found in both saigas and

Saigas and livestock share large areas of pastures throughout the

livestock (Table 3).
As our focus is on GINs, information from 46 respondents (n = 35

saiga's summer and calving extent (Figure 3).
Livestock rearing was done in two ways: (a) village-based live-

outlying and n = 11 village based) on prevalent livestock health issues,

stock and (b) outlying farms. In both management systems, livestock

their potential causes, impact on animal productivity and treatments

were present in a given area throughout the year. Outlying farms

is summarized in Appendix S3, Table S1. Respondents recognized

are located on owned or leased land parcels away from the village

GIN presence through symptoms such as diarrhoea, weight loss,

(>3 km). They usually have infrastructures such as housing, watering

pale ocular mucous membranes, liquid discharge from nose, loss

wells and a fixed area (not fenced) where livestock are housed and

of appetite and visible worms in faeces. While the Mann–Whitney

grazed. Outlying livestock herds were all too isolated to interact with

U-test showed that overall perceived health impact is similar be-

other herds. Sheep/goats on these farms are taken out to pasture

tween outlying and village-based livestock (w = 148.5, p = 0.89;

by the farm owners, or paid workers. After a day of grazing, they

Figure 4b), the Fisher's exact test using proportions for each cate-

are collected and bought back to a corral (fenced livestock pens) for

gory (1–5) revealed that a larger proportion of village-based herders

the night. Most flocks are stall-fed in winter due to the cold and lack

considered there to be some impact of GINs on health—albeit mild

of forage. For this, hay is collected from the farmland or purchased

(p = 0.0006; e.g. 55% respondents in villages suggested ‘2—impacted

from other farms, in late summer/early autumn. If the winter is mild,

but not severely’ as an impact score, while only 29% suggested so for

then the flocks graze outside as during other months. Animals are

outlying livestock; Figure 4a).

taken to water points to drink, usually supplied from man-made
wells or boreholes.
All village-based key-informants (n = 11) confirmed that villages
used khyzyks to herd small ruminant livestock. Village-based sheep

3.4 | Treatment against endoparasites in
livestock and saigas

and goats roam within c. 2–3 km of the village; however, cattle and
horses may go beyond the cadastral boundaries of ‘village lands’

We found that treatments against endoparasites (particularly GINs)

and tend to be free-ranging. No significant difference was found

depended on livestock location (Figure 5). For instance, village-

in stocking densities of small ruminants between the villages and

based livestock predominantly used anthelmintics as they could

outlying farms (p = 0.16), while there was a significant difference

be bought from Uralsk (nearest town), which was easier to travel

in mean small ruminant numbers (p = 0.01). Thus, total and mean

to from villages given road access, while outlying farms mostly did

per-location livestock numbers are higher on outlying farms than in

nothing or consumed the affected individual before health further

Khyzyks, while both graze up to similar distances from their night-

deteriorated. Plant-based treatments were mentioned by herders on

time locations, thus using similar pasture area. Table 2 presents in-

outlying farms but not in villages.

formation regarding livestock numbers and stocking densities for
outlying farms and village-based livestock (per khyzyk).

Sheep and goats are reported to be vaccinated against rabies,
pasteurellosis, anthrax, pox and glanders in our study area (official
Kazakh vaccination plan, 2019). We did not find any official treat-

3.3 | Endoparasites in livestock and saigas

ment mandate for GINs from the state, which was confirmed by the
five veterinary key informants. Hence, it appears that GIN treatment was opportunistic, spatially variable and managed by livestock

Outlying livestock had worm burdens comparable to those of

owners/shepherds. Livestock owners thus needed to source anthel-

saigas, as indicated by FEC data, while village-based livestock had

mintic drugs themselves, which often came with a high expense as it

TA B L E 2 Data on livestock abundance
and stocking densities for outlying farms
and village-based livestock, from key
informant interviews supplemented with
direct observations and literature. District
numbers used official statistical bureau
data

Outlying livestock

Village
livestock

Sample size (number of farms surveyed) of which
supplied stock numbers

35

11

28

11

Total small ruminant numbers surveyed

7,725

1,120

Total numbers in Zhanybek district

40,868

27,143

Mean small ruminant numbers per farm

276 (172–397)

102 (63–150)

Range small ruminant numbers per farm/Khyzyk

0–1,300

30–250

Mean stocking density (head per km2)

13.8 (4.6–27.1)

5.1 (3.2–7.1)

Range stocking density (head per km2)

0–153

1.5–12.5
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TA B L E 3 Endoparasite prevalence, range (eggs per gram) and mean (±SD) (eggs per gram, EPG) across outlying livestock, village livestock
and saigas. Sample sizes are number of pooled faecal samples, each representing a group (livestock) or sample location (saigas), and 15–20
individual faecal samples. Prevalence is expressed at the level of the pooled sample and not the individual animal. Livestock comprise mixed
groups of sheep and goats. Strongyles include eggs morphologically characteristic of the Trichostrongylidae (see text)
Strongyles*

Nematodirus*

Trichuris*

Moniezia

Dicrocoelium

34

32

16

37

13

Outlying livestock (n = 38)
Prevalence (%)
Range (EPG)

5–35

5–25

5

5–110

5–10

Mean (±SE) EPG

4.6 (±1.3)

3.2 (±0.9)

0.8 (±0.3)

11.2 (±3.6)

0.8 (±0.4)

74

45

47

82

18

Village livestock (n = 38)
Prevalence (%)
Range

5–45

5–25

5–20

1–155

5–25

Mean (±SE) EPG

12.8 (±2.0)

5.4 (±1.2)

4.9 (±1.0)

34.6 (±6.0)

1.8 (±0.8)

42

33

0

29

0

Saiga antelope (n = 79)
Prevalence (%)
Range

5–45

5–25

—

5–3 0

—

Mean (±SE) EPG

4.7 (±0.9)

3.2 (±0.6)

—

3.8 (±0.8)

—

*Gastrointestinal nematodes, GINs; others are platyhelminths. All hosts also had oocysts of coccidia (Eimeria sp.) present. Marshallagia were present
solely in outlying livestock and were included in strongyles (prevalence = 29%, mean (±SE) = 3.5 (±0.8)).

involved travelling to nearest town/city, which could be up to a day's

of the 46 key informants suggested they had negative perceptions

drive away.

towards saigas as these reduce the available forage for livestock, especially during summer and autumn, a time when hay is also being

3.5 | Regional factors influencing disease
transmission
3.5.1 | Increasing demand for livestock products

collected for the winter.

3.5.2 | Laws regarding land use
Focus group discussions revealed that during Soviet times, livestock

Participants in 14 of the 15 FDGs arrived at the consensus that

herders used two state-owned locations, zimovka (winter house) and

livestock numbers have increased in the region since the immedi-

letovka (summer house), and migrated annually between them. In

ate post-Soviet period (1990s). Survey respondents (n = 41) asso-

Ural, these movements were short in distance and duration (usually

ciated this change with government subsidies aiming to increase

one day in transit), unlike in other parts of Kazakhstan where migra-

sale of livestock products (meat and dairy). Official data from the

tions could last several days or even weeks (Robinson et al., 2016).

statistics bureau of Kazakhstan confirmed that between 2014 and

Today, even the short zimovka to letovka migrations are seldom oc-

2020, Zhanybek district has seen a significant increase in small rumi-

curring as most outlying farms are single sedentary entities leased

nants numbers owned by registered farmers (mostly outlying) and a

by single owners (usually as family) and used throughout the year

relatively stable population owned by households (mostly in villages;

(see Section 3.1). Reasons for the loss of the two-season migration

Figure 6). This is similar to the trends in other livestock in Zhanybek

were not established with any certainty but are likely to include the

and generally for Western Kazakhstan province (Figures S1 and S2

costs of movement, establishment and maintenance of infrastruc-

in Appendix S3).

ture at two sites (Kerven et al., 2016), and high transaction costs of

All respondents suggested that markets to sell livestock products (e.g. meat) were more accessible now than in the 1990s; before

obtaining the 49-year land lease, which are now allocated through a
complex auction process (Robinson et al., in press).

1991 procurement of livestock and its products were the state's re-

In all, 13 FDGs arrived at a consensus that the reasons for non-

sponsibility. Additionally, the number of individual livestock owners

mobility were interconnected, and involved complications with legal

was reported to be increasing. This has resulted in increasing occu-

access to land, high capital costs of investment in movement and the

pation of outlying lands.

availability of feed during the winters facilitating sedentarization.

Furthermore, participants in 12 out of 15 FGDs arrived at a

The other two FDGs suggested that the reasons for non-mobility

consensus that over time land parcels available to own or lease (as

were that individual livestock holdings were not large enough for

farms) in outlying areas are getting smaller, thus increasing stocking

movement to either be necessary or cost-effective. Of the 35 survey

densities. Given pasture sharing, this is leading to potential resource

respondents based in outlying farms, 29 said they collected hay for

competition with saigas. This possibility was confirmed when 41 out

winter from their own farms while six suggested they purchased hay
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F I G U R E 4 Graphs displaying (a) impact scores of endoparasites (particularly gastrointestinal nematodes, GINs) on livestock health and (b)
bootstrapped mean and 95% CI of impact scores as related to herder perceptions of level of damage to health, for outlying and village-based
livestock. 5—animal dies; 4—alive but useless (in terms of what they define productivity to be); 3—severely impacted; 2—impacted but not so
severely; 1—little impact; 0—barely noticeable
for winter from neighbouring farms or from markets in nearby towns

lower winter temperature and increasing winter precipitation,

like Uralsk. All 11 village-based respondents said they purchased hay

albeit non-significant (Figure 7). Temperature and precipitation data

for winter either from neighbouring outlying farms with surplus hay

alone, however, might not capture the conditions leading to dzud.

or from nearby towns like Uralsk. All 46 respondents suggested that

Respondents (n = 43) suggested that one consequence of increased

availability of hay during winter was a key facilitator of non-mobility,

perceived dzud risk in Ural is that herders need to prepare more hay

as adverse weather during winter, often means they have to stall-

for the winter. This is challenging as the quality and quantity of grass

feed their livestock.

have declined according to respondents. FGDs agreed that this affects livestock health, resulting in compromised productivity and
even death. Forty-one of the 46 key informants expressed concern

3.5.3 | Current climate and potential changes

at not being able to collect enough hay, as the saigas were eating
grass that farmers normally harvest for this purpose. All five vet-

Eleven of the 15 FGDs agreed that summers have become hotter

erinary key informants acknowledged that drier summers and large

and drier since the break-up of the Soviet Union. Since 2000, we

saiga numbers had minimized the amount of hay being collected by

found statistically significant evidence of warming summers in Ural

farms to sustain their stocks in winters. They suggested that this ad-

as well as indications of decrease in summer precipitation, albeit not

versely affected livestock health and numbers, particularly in dzud

statistically significant (Figure 6).

years.

The 11 FGDs also agreed that winters had worsened, that is, in-

The remaining four of the 15 FGDs arrived at a consensus that

creased snowfall and narrowing dzud cycles. Dzud describes winter

climate has been relatively similar throughout the post-Soviet pe-

conditions leading to an icy snow surface, and is often associated

riod, with marginally less rain in spring and summer. These four FDGs

with mass death of livestock and saigas from lack of food. Dzud

did not indicate any discernible impacts of climate on the rangelands

conditions are associated with low temperatures accompanied by

(including hay collection) and host health. Nevertheless, they still in-

high precipitation. Since 2000, we find evidence for a trend towards

dicated that saiga numbers were limiting hay collection.
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F I G U R E 5 Stacked bar graph displaying the % responses of key informants for different treatment types against gastrointestinal
nematodes. n = 35 outlying and n = 11 village-based key informants
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DISCUSSION

increasing (Kerven et al., 2021). While vaccination regimes seem to
be effectively implemented, delivery of antiparasite care does not

Our aim was to understand the inter-relationships between factors

seem to have followed that trend. This could negatively impact both

affecting ungulate health in the Western Kazakh rangeland, which is

livestock and saiga health.

home to saigas and livestock. We specifically investigated the evi-

Given low levels of anthelmintic treatment of livestock on

dence for links between different factors, while considering uncer-

outlying farms, the spread of anthelmintic-resistant parasites to

tainties, with a focus on GINs. Below we discuss these links and the

saigas and onward transfer between livestock farms, as observed

likelihood and possible consequences of future change.

in other wild ungulates using shared pastures (Chintoan-Uta
et al., 2014), seems unlikely. With increasing modernization, more

4.1 | Local social factors affecting host health

outlying farms will likely become connected by road to nearby towns
(Pomfret, 2009). This could increase anthelmintic access, which may
reduce GIN transmission to saigas. Yet, if done as whole-herd treat-

All respondents suggested some—albeit mild—impacts of GINs

ments, this risks the development and spread of anthelmintic resis-

on livestock health in outlying farms and village-based livestock.

tance (Charlier et al., 2014). Some outlying farmers reported using

Outlying livestock—likely to share pasture with saigas—were less

plant-based therapies against GINs. A wide range of plants can have

likely to be treated for GINs than village-based animals. Whether

combined antiparasitic and nutritional benefits (Hoste et al., 2012),

this is because GINs are less common or problematic in outlying

and such ‘nutraceutical’ plants could help to support livestock health

areas or the logistical difficulty in accessing treatment, needs in-

with less dependencies on external inputs and lower risk of fostering

vestigation. As a result, GINs are likely to persist in livestock and

drug resistance (French, 2018). Such plants are presumably also ac-

transfer to saigas. However, the impact on livestock health and

cessible to saigas. Further research could identify likely plant-based

consequently the impact on saiga health of current interventions, if

interventions using ethno-veterinary and epidemiological studies, to

any, also need investigation. Across Kazakhstan, outlying farms are

improve prospects for sustainable GIN control.
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significantly lower worm burdens than village-based livestock, and
comparable burdens to saigas. However, this situation may worsen
with further increase in livestock numbers and increased resource
competition. Our results and official online digital cadastre records
of Kazakhstan indicate that although there are areas of the steppe
without farms, large areas are in fact leased indicating possibility of
pasture overlap between saigas and outlying livestock (stat.gov.kz,
2020).

4.3 | Regional factors affecting the system
As state support dwindled following the breakdown of the Soviet
Union, the Kazakh rangelands witnessed an abandonment of outlying areas (Dara et al., 2020). For the first decade following the
Soviet Union's collapse, the livestock sector received limited state
attention—which was predominately concerned with developing oil
and gas reserves (Pomfret, 2009). Recently, the Kazakh government
has introduced large subsidy programmes supporting livestock proF I G U R E 6 A panel graph showing the number of small
ruminants (sheep and goats) (a) belonging to households (mostly
village based) (r = −0.23, p = 0.62), (b) belonging to registered
farms (mostly outlying) (r = 0.85, p = 0.016) and (c) total holdings
(r = 0.73, p = 0.061), over time (2014–2020) in Zhanybek district.
Data from Kazakh Statistics Bureau. p < 0.05 is considered
significant. Shaded area in the graph is the 95% confidence interval
Note: Although the number of livestock has dropped in 2020
compared to previous years, we do not have evidence as to why
this has happened.

4.2 | Local ecological factors affecting host health

duction (Petrick et al., 2018), but these tend to benefit large-scale
livestock owners, while households (livestock owners not registered
as farms) are ineligible (Kerven et al., 2021). There is evidence that
many larger livestock operations have become much more mobile
in recent years as they rebuild economies of scale for movement
(Kerven et al., 2016; Robinson et al., 2016; Robinson et al., in review), but smaller farms and household remain more sedentary. Our
study showed that in Ural outlying farms were entirely sedentary,
in contrast to areas in Central and Southern Kazakhstan where
the above-cited studies were conducted. Overall, a general reduction in livestock mobility is a trend observable across temperate
Asia and indeed globally (Dong et al., 2011; Fernandez-Gimenez &

We found that saigas are carrying GIN burdens when grazing in their

LeFebre, 2006). The end of collectivized agriculture and subsequent

calving and summer range, although it is not known if they are at

reforms in most Central Asian and Caucasian states have tended to-

physiologically detrimental levels. We do have some evidence for

wards reduction in herd sizes and individualization of pastoral tenure

this in livestock. The levels of FEC observed here are consistent

(Robinson et al., 2017). China's Grassland Contract Policy, mandating

with negative correlations with body condition in saigas (Morgan,

privatization and fencing of pasture, has affected the ability of herd-

Shaikenov, et al., 2005). This is concerning for females as worm bur-

ers to exploit rangeland variability and led to environmental deterio-

dens may further compromise their immunologically stressed-state

ration (Li & Huntsinger, 2011; Næss, 2013).

during calving; and in other wild ungulates have been associated

Concerning the effects of these changes on livestock–wildlife

with decreased fecundity (Albon et al., 2002). In Ural, contact with

interactions, Western et al. (2009) showed that sedentarization

sympatric livestock is likely to increase in coming years as saiga and

was a factor in wildlife declines in Southern Kenya, attributed to

livestock numbers are both seeing an increase (Zuther, 2020). The

direct displacement of wildlife and the reduction in grass produc-

contribution of migration to worm burdens needs investigation. For

tion following a swap from seasonal to permanent grazing. While

instance, Morgan et al. (2006, 2007) show that saigas probably con-

we do not have evidence of this yet in Kazakhstan's rangelands, the

tributed to GIN transmission from their winter range, to sheep in

literature certainly cautions that it is possible and the availability of

their summer range in Betpak-Dala, under prior conditions of high

subsidies for fencing may yet have negative impacts in this respect.

livestock densities and close contact with livestock in the winter

Additionally, sedentarization can lead to increased opportunities for

range, which likely no longer hold as saigas do not migrate as far

GIN transmission linked to tighter contact patterns (given saiga pres-

south in the winter. Alternatively, migration could inhibit parasite

ence) and increased stocking densities. Although we have no data on

transmission by reducing host availability (Altizer et al., 2011), and

the impact of sedentarization on livestock parasite loads, modelling

could be adaptive in wild ungulates (Folstad et al., 1991).

suggests that for saigas, migration broadly results in lower overall

Saigas are most likely to share pasture with outlying livestock

infection pressure (Khanyari et al., in review) and such a finding

(Khanyari, Robinson, Morgan, Brown, et al., 2021) which have

might reasonably be expected for livestock. However, the impacts
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F I G U R E 7 Panel graph presenting
climate data over time across the calving
and summer range of Ural saigas.
Temperature in °C, and precipitation
in mm. (a) mean summer temperature
(r = 0.53, p = 0.017), (b) mean summer
precipitation (r = −0.35, p = 0.13), (c) mean
winter temperature (r = −0.27, p = 0.26),
(d) mean winter precipitation (r = 0.29,
p = 0.21). Data from POWER Data access
viewer (POWER, 2020). p < 0.05 is
considered significant. Shaded areas in the
graphs are the 95% confidence interval

of reduced livestock mobility on host health might vary across the

competition and tighten contact patterns during the calving and

saiga's range, which need reconciling into more spatially explicit

summer periods, with consequent impacts on livestock and saiga

impacts.

health. Other studies show exacerbated grassland degradation and

Lastly, we found some evidence of climate change. Climate can

desertification across Kazakhstan, particularly Western Kazakhstan

affect livestock and saiga health, their numbers and distributions

(Hu et al., 2020). This could also lead to interference and exploitative

(Bekenov et al., 1998). Salnikov et al. (2015) demonstrated statisti-

resource conflict across the autumn saiga range. Nevertheless, we

cally significant decreases in precipitation and increased tempera-

need to triangulate interview data which predominantly concerns

tures, particularly during summer, across Kazakhstan since 1941.

perceptions, with other sources such as remotely sensed data, to

Although there is limited information from Western Kazakhstan,

draw firm conclusions.

studies have indicated an increasing frequency and severity of dzud
(harsh winters), coupled with a warming and drying trend across
other parts of Central Asia, since the turn of the 21st century (e.g.

4.4 | Implications for saiga health in Ural

Shinoda, 2017). Mobility has been cited as being a key reason why
pastoralists do relatively well during extreme climatic events and its

It is apparent from our results that saiga health is not only inter-

loss can limit pastoralists' resilience (Næss, 2013). In Central Asia,

twined with sympatric livestock health, but also is affected by a

studies in Turkmenistan have shown that, where transport and cap-

number of factors across varying scales. It is key to consider saiga

ital costs of pasture occupation are low, and formal barriers to land

health in conservation planning, in addition to threats like poaching,

access absent, livestock owners remain highly mobile and responsive

to ensure that populations remain large enough to deal with future

to vegetation variability, which is high in that drought-prone state

mass mortality events (Kock et al., 2018). This requires considering

(Behnke et al., 2016). The severe drought of 2021 in Kazakhstan may

the complex inter-connected factors affecting saiga health and their

highlight the importance of policies which promote easier access to

potential future changes, and filling of current knowledge gaps. As

pasture, both physically through infrastructure like machinery for

conservation is a resource- and time-limited discipline, such inter-

hay cutting and administratively through simplified leasehold allo-

disciplinary exercises can help shape interventions that take account

cation and transfer between users, or common property systems.

of such pluralistic interactions, rather than implementing silo solu-

Climatic factors are contributing to increased need for hay

tions (Williams et al., 2020). For example, in this case, it seems that

for livestock. Mechanized hay cutting can exacerbate resource

livestock and wildlife health cannot be disentangled from issues of
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resource competition (particularly for hay meadows, both in calv-

wild herbivore conservation and local livelihoods. We hope our work

ing/summer and autumn saiga range), both of which are likely to be

will provide researchers and practitioners with an avenue to better

exacerbated by climate change.

understand these complex inter-relationships, while viewing host

Nevertheless, there are some key caveats to consider about our

health from an interdisciplinary perspective—ultimately working

work. Our results are not an exhaustive representation of inter-

towards wildlife conservation while safeguarding livelihoods across

connections between factors, as we lacked data on various aspects.

the world's rangelands.

For instance, because of limited ability to differentiate between
nematode species using egg morphology alone, the extent to which

AC K N OW L E D G E M E N T S

particular species of GIN are shared between saigas and livestock

This work would never have been completed without the tre-

in this population is unknown. Previous studies in the Betpak-Dala

mendous on-the-ground support provided by the members of the

population showed that of 38 helminth species found in saigas,

Association for Biodiversity Conservation of Kazakhstan (ACBK). A

36 were also found in sympatric livestock (Morgan, Shaikenov,

special thank you to Tayir whose support was invaluable during the

et al., 2005), but to demonstrate this required post-mortem recovery

interviews, as he not only helped in connecting with people, but also

of adult worms. Genetic sequencing of parasites in host faeces can

translated the interviews. Without the knowledge of Maqsood, our

provide species-level information on parasite presence (Avramenko

field surveys would not have been possible. M.K. would also like to

et al., 2019), on which to base inferences about parasite overlap be-

extend his thanks to the Zutshi-Smith fellowship for supporting his

tween hosts.

work and the National Geographic Society for supporting his field

While uncertainties remain, our study demonstrates the importance of viewing host health in rangelands as a complex adaptive

work. Last, but certainly not the least, the people of the Ural steppe,
who opened their homes and their hearts to us.

social–ecological system. Such systems have many dynamic components, determining the ability of rangelands and their inhabitants

C O N FL I C T O F I N T E R E S T

to cope with disturbances and respond to changes, including those

None.

affecting disease transmission. Adaptation needs to be a continual
and iterative process and is linked to resilience, ensuring that the

AU T H O R S ' C O N T R I B U T I O N S

system adapts to new forces without losing functionality or trans-

M.K., E.J.M.-G . and E.R.M. conceived the idea of this work and de-

forming in fundamental ways (Hruska et al., 2017). These aspects are

signed the study; S.R. provided critical inputs on the study design;
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