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Abstract: The traditional livestock industry in Inner Mongolia has evolved rapidly in response to
social and economic transformations during recent decades, resulting in substantial impacts on the
rural economy and livelihoods of pastoralists. Improved understanding of these changes and potential
drivers may help foster strategies to sustain the pastoral system of this region. Using long-term climate,
social-economic, and livestock (cattle, horses, sheep, and goats) population data from 1970 to 2010,
we analyzed the dynamics of the livestock industry and main driving factors in the Xilinhot region—a
central part of the Inner Mongolia Grassland. Our results show that the total livestock population
increased dramatically in the past four decades, especially during 1987–2010. Livestock composition
also changed substantially, with increasing sheep, goat, and cattle populations but a decreasing horse
population. Pastoral population growth and land use policy were the primary drivers for livestock
dynamics during 1970–2010. Livestock structure became differentiated progressively with changes in
land use policy. Also, climate factors had an important influence on livestock production. The current
study suggests that sustainable animal husbandry in this region requires government policies that
promote ecological urbanization, livestock production efficiency, incentive systems for grassland
conservation, and collective action and cooperation for enhancing social capital and resilience.

Keywords: grassland sustainability; livestock composition; pastoral population; land use policy;
Inner Mongolia

1. Introduction

Livestock have played a significant role in different stages of human development, evolving from
primitive nomadism to herding for survival, and to breeding and selling for diversified demands in
modern commercial society [1]. As social transformation occurs over time and space, the social and
economic functions of livestock have also changed [2]. Livestock husbandry has been an important
industry in a number of continents and regions, such as the Mongolia Plateau, Africa, Australia,
and New Zealand [3,4], and crucial to supporting global food security, as it supplies 17% of the
kilocalories and 33% of their protein consumption, globally [5]. Furthermore, livestock are crucial
for the livelihoods of around one billion poor people in the world [6], 80% of whom inhabit remote
and undeveloped areas and procure sustainable livelihoods mainly by livestock farming [7]. By all
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accounts, livestock production has made a prominent contribution to improving remote livelihoods
and alleviating poverty for pastoralists, especially those living in the arid and semi-arid regions [8,9].

Many studies have documented that livestock are impacted by climate and altered rainfall [10],
increased temperatures [11], frequent drought and bush encroachment [12], extreme events like snow
storms and drought damage [13], and competition for diminished grassland resources [14]. The impacts
of climate change on livestock are also well described in terms of forage yield, thermal stress, water
supply, epidemic disease expansion, as well as loss of biodiversity and production systems [8].
For example, changes in CO2 concentration and temperature directly impact plant growth through
impacting herbage production, yield, and composition, and recurrent drought often limits dry matter
production in herbage [15]. Livestock are vulnerable to heat stress in wet and warm environments,
which can modify behavioral and metabolic performances, further negatively influencing animal feed
intake and productivity [16]. High temperatures are considered favorable for the growth of viruses or
parasites, subsequently causing the spread of various animal diseases [17]. According to the report by
the UN Intergovernmental Panel on Climate Change (IPCC) [18], many plants and animals will be
at a risk of genetic diversity losses due to climate change, in particular, a rise in temperature. There
is a large body of research suggesting that climate hazard and variation can be expected to bring
about numerous adverse impacts on livestock production, which will be more severe and pressing for
pastoralism characterized by practicing in vast marginal lands across the world [19].

In addition, livestock development is also greatly influenced by complex interplay between social
and economic factors. Steinfeld et al. [20] categorized increases in human population, economic
growth, urbanization, dietary adjustments, and land use change as major global drivers. Specifically,
the world’s population growth and economic expansion have significantly increased human demand
and consumption for animal products. The changing population structure has contributed to this growth
in that urbanization leads to a dietary transition to more animal-origin food, and pastoral population is
perceived as closely related to the total herd size [3]. Global escalating demands for livestock products
have pushed producers to enlarge animal and feed production in the face of decreasing available lands,
resulting in land use changes, such as reclaiming, abandoning, and overgrazing grasslands, all of
which may in turn impact the production and development of animal husbandry [20]. Meanwhile,
factors affecting livestock husbandry may vary dramatically on different temporal and spatial scales.
For instance, Megersa et al. [12] reported that inadequate knowledge for raising camel, stocking costs,
and insufficient labor hindered the adoption of livestock diversification in southern Ethiopia during
1976 and 2011. Growing demand for cashmere in Mongolia stimulated the rise in goat numbers in
the period of 1992–2006 [21], whereas animal overstocks and insufficient government support were
thought to be major problems for Mongolia’s subsistence livestock herding [13]. Li et al. [22] discussed
the influence of economic improvement, income increase, and urbanization on the development of
China’s animal husbandry, with a dichotomy in production systems between the eastern and western
regions of China [4].

At the regional scale (e.g., Inner Mongolia, Southern Europe), Li et al. found that a lack of
traditional grassland management or malpractices during the social movement period of 1964–1978
severely impacted the nomadic livestock industry in Inner Mongolia of China, which increased the
vulnerability of livestock to climate risks [19]. The rural depopulation in Southern Europe in the
late 2000s, encouraged by economic growth and agricultural policies, greatly promoted a shift from
traditional livestock production to production with a higher level of specialization [23]. Government
policies and booming demand for beef were observed to drive a high rate of deforestation and the
associated cattle ranching in Brazil and Costa Rica over the period of 1990–2008 [4], causing serious
problems involving the environment, climate change, and rural livelihoods. Denmark is reported
to have excelled in the European Union in implementing elaborately designed measures since 1985,
which helps reduce N surpluses and N losses in the intensive livestock system, further increasing N
efficiency [4].
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Inner Mongolia has a long history of exercising traditional nomadic pastoralism and remains an
important livestock production base in China [24]. The 78 million hectares of natural grasslands in Inner
Mongolia make up nearly a quarter of the total grassland area in China and provide valuable ecosystem
services for the region as well as the nation [25]. In spite of substantial improvements in livestock
productivity and herders’ standards of living over the past few decades, it is widely acknowledged that
the Inner Mongolia grassland has been suffering degradation to varying extent, resulting in decreased
grassland productivity and intensified conflicts over pastoralism development [26,27]. Poor grazing
management, irrational livestock structure, and herders’ single source of income [28] have combined
to restrain the animal husbandry industry and local pastoralists from further development. Focusing
on the Xilinhot region, the central part of the Inner Mongolian Grassland, this study was designed
to quantify the dynamics of the livestock industry from 1970 to 2010 and identify the underlying
environmental and socioeconomic drivers. Based on the above analysis, we also aimed to provide
suggestions for improving management schemes and livelihood strategies in the Xilinhot grassland,
so as to promote regional sustainability.

2. Study Area

The Xilinhot grassland, in the core area in Eurasian steppe, is located in the Inner Mongolia
Autonomous Region, China (43◦–45◦ N, 115◦–118◦ E) and covers approximately 15,000 km2 (Figure 1).
The study area is relatively flat and decreases from East to West, with an average elevation of 1250 m.
Long-term (1970–2010), the air temperature was 2.78 ◦C, ranging from −22.95 ◦C in January to 24.94 ◦C
in July. Long-term annual precipitation was 269.3 mm, about 68.6% in the growing season (from
June to August). C3 perennial rhizome grass, Leymus chinensis, and C3 perennial grass, Stipa grandis,
co-dominate in the plant community, and are widely distributed in the eastern Eurasian steppe. This
area plays a central role for sustaining the livestock industry of northern China [29]. Local domestic
livestock include sheep, goat, cattle, horse, donkey, mule, and camel, and have supported the pastoral
livelihoods over centuries. However, in recent years, land tenure alteration, animal overstock, grassland
degradation, climate change, and poor grazing practices have increasingly brought challenges and
risks to this traditional livelihood.
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3. Methods

Long-term domestic livestock data sets from 1970 to 2010 were collected to analyze changes in
livestock population and composition in the Xilinhot grassland. The livestock species in our study area
included cattle, horse, donkey, mule, camel, sheep, and goat—the first five species of which are large
animals, the remaining two are small animals. Based on Chinese animal husbandry development [30]
and evolving regional grassland policies [31,32], the pastoral history of the Xilinhot grassland between
1970 and 2010 is divided roughly into three stages, the last nomadic period (1970–1986) [33,34], fast
development period (1987–2000), and ecological recovery period (2001–2010) [35]. The characteristics
of socioeconomic status, land use policies, and grazing managements in three main periods during
1970–2010 are listed in Table 1 [36–38]. The data covering climatic factors (temperature and precipitation),
urban and pastoral population, and land use policy (categorized variables, 1, 2, 3), basically reflect
changes in climate, socio-economic, and grassland policy aspects during the past 40 years, which were
used to detect the impacts of climate change, human demand, and land use policy on grassland animal
husbandry in the three periods. The data sets were obtained from the annual statistical census of
Xilingol Leagure, Inner Mongolia, China, except for data on air temperature and precipitation, which
were accessed from China Meteorological Data Sharing Service System.

Table 1. Characteristics of land use policies in three periods during 1970–2010 in Xilinhot, Inner
Mongolia, China.

Herding Management
System

Last Nomadic Period
(1970–1986)

Fast Development Period
(1987–2000)

Ecological Recovery
Period (2001–2010)

Period The people’s commune The socialist period The socialist period

Economic system Planned economy Market economy
Market economy with rapid
development of industrial

economy

Land use institution Collective management
and use of grassland

Privatization of land use
rights Privatization of land use rights

Grazing regime

Nomadic
grazing/semi-nomadic

and semi-settled
grazing/fixed grazing

Permanent grazing
Permanent grazing/conducting

scientific grazing system in
some areas

Basic business unit People’s communes Family household
Individual household/

co-management by small-group
households

Grazing management Collectively managed Individual decision-making Individual decision-making

Restrained measures in
management Yes No

Yes (administrative control
measures in the ecological

programs areas)

Ecological programs No No Yes (ecological recovery programs)

Allocation mechanism Allocated by the
collectives

Self-management/ assume
responsibility for profits and

losses on one’s own

Self-management/ assume
responsibility for profits and

losses on one’s own

Source of income of
herdsmen Single Single

Diversified (selling
livestock/ecological award/

engaging in service industry)

Number of livestock per
capita (Mean ± SE) 116 ± 28 169 ± 25 151 ± 13

SE represents standard error.

In our data analysis, each cattle, horse, donkey, mule, camel, and goat was treated as 5, 6, 3, 3, 7,
and 0.9 sheep units [39]. The sheep units were summed from seven species’ populations for the total
livestock population for each year. Based on these sheep units, we calculated the livestock population
of four dominant species (e.g., cattle, horse, sheep, and goat). We did not calculate the livestock
population of donkey, mule, and camel due to their small population number. For the livestock groups
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(e.g., large and small livestock) and four dominant species, we calculated their proportion of the total
sheep unit as their livestock composition for each year. We used trend analysis to detect the livestock
number and livestock composition over the years in each period (from 1970 to 2010) separately.

In addition, multiple regression models were constructed to analyze driving forces that affected
the livestock population and composition during the past 40 years in three sub-periods, including
1970–1986, 1987–2000, and 2001–2010, separately. We treated the total livestock population, the four
dominant species’ (e.g., cattle, horse, sheep, and goat) populations, the large livestock and small
livestock composition, and four dominant species’ compositions as dependent variables. Besides
this, we used all the important predictors, including environmental, socioeconomic, and policy
indicators, listed in Table 2 in our models as independent variables. Multiple linear regressions with
stepwise variable selection (forward and backward) were used to determine the effects of predictors
on the dependent variable. Partial R2 was used to present the explainable power of the significant
predictors for each variable [40]. Trend analysis and the multivariate regression model were performed
using the SigmaPlot 10.0 software and the SAS© 8.1. software (The SAS Institute Inc., Cary, NC,
USA), respectively.

Table 2. Potential driving forces and their environmental, socioeconomic, and policy indicators used as
predictor variables in this study in Xilinhot, Inner Mongolia, China.

Driving Forces Factor/Indicator Applied Abbreviation Unit

Environmental aspect

Annual average temperature AVTEM ◦C
Winter mean temperature WMTEM ◦C

Non-winter mean temperature NWMTEM ◦C
Extremely high temperature EXHTEM ◦C
Extremely cold temperature EXCTEM ◦C

Drought index DRINDEX –
Winter snowfall WSNOW mm

Socioeconomic aspect Urban population URBPOPU Person
Pastoral population PASPOPU Person

Local policy aspect Land use policy LANDUC –

4. Results

4.1. Changes in Livestock Population

Total livestock populations (sheep unit) in Xilinhot showed a significant increasing trend across
1970–2010 and rose by nearly five times relative to that in 1970 (Figure 2a). The increasing rate was
highest for the fast development period (1987–2000, Figure 2a; p < 0.001) and lowest for the last
nomadic period (1970–1986, Figure 2a; p < 0.001). The total numbers peaked in 1999 and declined by
38% from 2000, from 2.26 million sheep units in 1999 to 1.39 million sheep units in 2010 (Figure 2a).

Large livestock experienced an upward trend over the past four decades, with the totals doubled
(Figure 2b). The number of cattle exhibited a consistent trend with large animals (Figure 2d), whereas
the horse number increased from the beginning to the summit in 1980 (p = 0.003) and then dropped
gradually to the lowest point in the ecological recovery period of 2001–2010 (Figure 2e).

Population in small livestock boomed and increased almost nine-fold over the entire study
period. It showed a significant growth for the two earlier periods and a decreasing trend for the last
period (Figure 2c). Sheep density accounted for the majority among small livestock and averaged
approximately 83% over the past four decades (Figure 2f), suggesting the changes in small livestock
population were mainly mediated by sheep intensity. Both sheep (Figure 2f) and goat population
(Figure 2g) showed a similar changing trend from 1970 to 2010, with a minor difference that the increase
in goat population was greater than that of sheep after 2000 (Figure 2g; p = 0.006).
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4.2. Changes in Large and Small Livestock as well as Species Proportion

The proportion of large livestock in total sheep units increased from the early 1970s to 1978, when
it reached the maximum (about 60%, Figure 3a), while that of small livestock grew dramatically since
then on until 2003, when it attained the highest value (about 90%, Figure 3b). Another upward trend
emerged in large livestock proportion between 2004 and 2010 (Figure 3a; p < 0.001), which accounted
for 28.3% in total sheep units in 2010 (Figure 3a). Overall, the proportion of large and small livestock
on average constituted 35.9% and 64.1% of total animals across 1970–2010, respectively, indicating that
small animals contributed more to the totals than large animals (Figure 3).
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As shown in Figure 4, the proportion of cattle did not show a statistically significant change in the
last nomadic period (Figure 4a; p = 0.699), while that of horse increased and then declined with the
maximum averaging 32% in total sheep units (Figure 4b; p < 0.001). During the period from 1987 to
2000, the proportion of both cattle (p < 0.001) and horse (p < 0.001) showed a consistent decreasing
trend with large livestock (Figure 3a). The last period, from 2001 to 2010, witnessed an increase and a
low level kept in the cattle (p < 0.001) and horse proportion (p = 0.584), respectively.

With respect to small livestock, the change in the proportion of sheep and goat showed similar
patterns, over the past 40 years (Figure 4c,d).



Sustainability 2019, 11, 7208 8 of 17Sustainability 2019, 11, x FOR PEER REVIEW 9 of 18 

  
Figure 4. Changes in livestock species proportion in sheep unit across 1970–2010. (a) Cattle, (b) 
horse, (c) sheep, and (d) goat. The three sub-periods are illustrated as 1970–1986 (), 1987–2000 (), 
and 2001–2010 (▼). 

4.3. Factors Driving Changes in Total Livestock and Species Population over the Past 40 Years 

The results showed that pastoral population had a significant impact on the changes in total 
livestock populations between 1970–2010 (R2 = 0.76, Table 3), with factors varying considerably 
among the three sub-periods. Urban population in Xilinhot (R2 = 0.54) and pastoral population (R2 = 
0.88) were cited as dominant driving factors in the last nomadic period and the fast development 
period, respectively. No factor, however, was observed among the analyzed predictors in the last 
period from 2001 onward. 

Large livestock’s population change from 1970 to 2010 was caused by changes in urban 
population (R2 = 0.29, Table 3) and land use policy (R2 = 0.13), in which land use policy was 
negatively correlated with the change, while pastoral population was analyzed as a leading cause of 
change in small livestock population in both the 1970–2010 period (R2 = 0.80) and the 1987–2000 
period (R2 = 0.89). As for the remaining two periods (1970–1986 and 2001–2010), urban population 
(R2 = 0.48) and environmental predictor represented by extremely high temperature (R2 = 0.48) were 
critical factors for the trend of change in small animals. 

When examined over the changes in the four major livestock species, we found that the two 
factors mostly impacting that of cattle from 1970 to 2010 were pastoral (R2 = 0.23) and urban 
population (R2 = 0.15), and urban population alone was detected as the leading cause for the two 
periods of 1970–1986 (R2 = 0.55) and 2001–2010 (R2 = 0.75). The predictors presented in Table 3 did 
not have a marked influence on the cattle change in the fast development period. Land use policy 
had significant effects on the trend of change in horse population over the entire study period, 
showing a strong, negatively linear relationship between them (R2 = 0.71). The environmental 
indicators, like drought index (R2 = 0.26) and non-winter mean temperature (R2 = 0.58), were 
detected as the major factors for the two earlier periods. In terms of small livestock, pastoral 
population significantly impacted the change in sheep (R2 = 0.83) and goat dynamics (R2 = 0.57) from 
1970 to 2010. It is interesting to note that environmental factors had more influence on the change in 
goat population compared with that in sheep population, both for the entire study period and for 
different sub-periods (Table 3). 

Figure 4. Changes in livestock species proportion in sheep unit across 1970–2010. (a) Cattle, (b) horse, (c)
sheep, and (d) goat. The three sub-periods are illustrated as 1970–1986 (�), 1987–2000 (#), and 2001–2010
(H).

4.3. Factors Driving Changes in Total Livestock and Species Population over the Past 40 Years

The results showed that pastoral population had a significant impact on the changes in total
livestock populations between 1970–2010 (R2 = 0.76, Table 3), with factors varying considerably among
the three sub-periods. Urban population in Xilinhot (R2 = 0.54) and pastoral population (R2 = 0.88)
were cited as dominant driving factors in the last nomadic period and the fast development period,
respectively. No factor, however, was observed among the analyzed predictors in the last period from
2001 onward.

Large livestock’s population change from 1970 to 2010 was caused by changes in urban population
(R2 = 0.29, Table 3) and land use policy (R2 = 0.13), in which land use policy was negatively correlated
with the change, while pastoral population was analyzed as a leading cause of change in small livestock
population in both the 1970–2010 period (R2 = 0.80) and the 1987–2000 period (R2 = 0.89). As for the
remaining two periods (1970–1986 and 2001–2010), urban population (R2 = 0.48) and environmental
predictor represented by extremely high temperature (R2 = 0.48) were critical factors for the trend of
change in small animals.

When examined over the changes in the four major livestock species, we found that the two
factors mostly impacting that of cattle from 1970 to 2010 were pastoral (R2 = 0.23) and urban population
(R2 = 0.15), and urban population alone was detected as the leading cause for the two periods of
1970–1986 (R2 = 0.55) and 2001–2010 (R2 = 0.75). The predictors presented in Table 3 did not have a
marked influence on the cattle change in the fast development period. Land use policy had significant
effects on the trend of change in horse population over the entire study period, showing a strong,
negatively linear relationship between them (R2 = 0.71). The environmental indicators, like drought
index (R2 = 0.26) and non-winter mean temperature (R2 = 0.58), were detected as the major factors for
the two earlier periods. In terms of small livestock, pastoral population significantly impacted the
change in sheep (R2 = 0.83) and goat dynamics (R2 = 0.57) from 1970 to 2010. It is interesting to note
that environmental factors had more influence on the change in goat population compared with that in
sheep population, both for the entire study period and for different sub-periods (Table 3).
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Table 3. Driving force analysis of livestock population change in three periods during 1970–2010 in Xilinhot, Inner Mongolia, China.

1970–1986 1987–2000 2001–2010 1970–2010

Response Predictor Partial R2 Effect Predictor Partial R2 Effect Predictor Partial R2 Effect Predictor Partial R2 Effect

Total
livestock

URBPOPU 2 0.54 *** + PASPOPU 2 0.88 *** + PASPOPU 2 0.76 *** +

DRINDEX 1 0.18 ** + AVTEM 1 0.05 ** +

Large
livestock

URBPOPU 2 0.45 ** + NWMTEM 1 0.37 * - URBPOPU 2 0.70 ** + URBPOPU 2 0.29 *** +

DRINDEX 1 0.19 * + AVTEM 1 0.25 * + NWMTEM 1 0.19 ** + LANDUC 3 0.13 * -
Small

livestock
URBPOPU 2 0.48 ** + PASPOPU 2 0.89 *** + EXHTEM 2 0.48 * - PASPOPU 2 0.79 *** +

DRINDEX 1 0.14 * + AVTEM 1 0.05 *** +

Cattle
URBPOPU 2 0.55 *** + URBPOPU 2 0.75 ** + PASPOPU 2 0.23 ** +

WMTEM 1 0.15 * - NWMTEM 1 0.16 ** + URBPOPU 2 0.15 ** +

Horse
DRINDEX 1 0.26 * + NWMTEM 1 0.58 ** - LANDUC 3 0.71 *** -

WMTEM 1 0.24 ** + EXCTEM 1 0.06 ** +

URBPOPU 2 0.03 * +

Sheep URBPOPU 2 0.54 *** + PASPOPU 2 0.88 *** + PASPOPU 2 0.83 *** +

WMTEM 1 0.13 * - AVTEM 1 0.04 ** +

Goat

DRINDEX 1 0.55 *** + PASPOPU 2 0.90 *** + EXCTEM 1 0.66 ** + PASPOPU 2 0.57 *** +

WSNOW 1 0.16 * - AVTEM 1 0.10 ** +

NWMTEM 1 0.08 ** - EXHTEM 1 0.03 * -
PASPOPU 2 0.01 * + DRINDEX 1 0.03 * +

AVTEM 1 0.0004 * +

Regression coefficient is significant (* indicates 0.01 < p < 0.05, ** indicates 0.01 < p < 0.001 and *** indicates p < 0.001), with *–*** indicating the increasing degrees of statistical significance.
The superscript of the predictors, 1 represents predictors of the environmental aspect; 2 represents predictors of the socioeconomic aspect; 3 represents predictors of the local policy aspect.
The symbol “+” indicates significant positive relationships, whereas “-” indicates significant negative relationships.
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4.4. Factors Driving Changes in the Four Livestock Species Composition over the Past 40 Years

Land use policy significantly influenced the change in cattle proportion during 1970–2010 and
was also negatively correlated with the change (R2 = 0.46, Table 4). Substantial differences existed in
the major factors among the three different periods, of which the effect of pastoral population was
most important in 1970–1986 (R2 = 0.40), whereas a statistically negatively correlation was observed
between them in 1987–2000 (R2 = 0.92). Lastly, urban population had a leading role for the ecological
recovery period (2001–2010, R2 = 0.76).

Similarly, urban population was detected as a key factor driving the change in horse composition
over the past four decades, with a statistically negative correlation between them (R2 = 0.87, Table 4),
which indicated that the herders showed a decreasing tendency to keep horses as urbanization in
Xilinhot increased over time. The two environmental predictors, mean winter temperature (R2 = 0.31)
and extremely high temperature (R2 = 0.44) were critical factors for the two periods of 1970–1986 and
2001–2010, respectively. In the fast development period, pastoral population had a significant impact
on horse composition and was also negatively correlated with it (R2 = 0.88).

Changes in both sheep (R2 = 0.82) and goat (R2 = 0.43) composition were mainly affected by land
use policy from 1970 to 2010, which was positively correlated with the two variables (Table 4). For the
period of 1970–1986, climate factors were analyzed as major driving forces and R-squared values of
non-winter mean temperature and extremely high temperature were 19% and 43% for sheep and goat,
respectively. The effects of pastoral population on that of sheep (R2 = 0.83) and goat (R2 = 0.93) were
evident between 1987 and 2000, suggesting that the local herders had an increasing shift towards sheep
and goat husbandry when the market economy was introduced in Xilinhot during this period. In the
ecological recovery period, extremely cold temperature (R2 = 0.66) had a dramatic impact on goat
composition fluctuation, and winter snowfall (R2 = 0.16) was ranked second, showing a statistically
negative correlation between them.
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Table 4. Driving force analysis of livestock composition change in three periods during 1970–2010 in Xilinhot, Inner Mongolia, China.

1970–1986 1987–2000 2001–2010 1970–2010

Response Predictor Partial R2 Effect Predictor Partial R2 Effect Predictor Partial R2 Effect Predictor Partial R2 Effect

Cattle PASPOPU 2 0.40 ** + PASPOPU 2 0.92 *** - URBPOPU 2 0.76 *** LANDUC 3 0.46 *** -
WSNOW 1 0.02 * - NWMTEM 1 0.14 * +

Horse WMTEM 1 0.31 * + PASPOPU 2 0.88 *** - EXHTEM 1 0.44 * + URBPOPU 2 0.87 *** -
WSNOW 1 0.15 * + LANDUC 3 0.03 ** -

PASPOPU 2 0.02 ** -
Sheep NWMTEM 1 0.19 * + PASPOPU 2 0.83 *** + LANDUC 3 0.82 *** +

WMTEM 1 0.06 * - PASPOPU 2 0.04 ** +

AVTEM 1 0.03 * +

Goat EXHTEM 2 0.43 ** + PASPOPU 2 0.93 *** + EXCTEM 1 0.66 ** + LANDUC 3 0.43 *** +

PASPOPU 2 0.19 * - URBPOPU 2 0.03 ** + WSNOW 1 0.17 * - EXCTEM 1 0.08 * +

Regression coefficient is significant (* indicates 0.01 < p < 0.05, ** indicates 0.01 < p < 0.001 and *** indicates p < 0.001), with *–*** indicating the increasing degrees of statistical significance.
The superscript of the predictors, 1 represents predictors of the environmental aspect; 2 represents predictors of the socioeconomic aspect; 3 represents predictors of the local policy aspect.
The symbol “+” indicates significant positive relationships, whereas “-” indicates significant negative relationships.
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5. Discussion

5.1. Changes in Livestock Population and Composition

The total livestock numbers increased markedly over the last 40 years, from 0.6 million sheep
units in 1970 to 1.39 million sheep units in 2010, with a minor change in the first period and a radical
increase in the last two periods. The overall increasing trend is in agreement with the animal husbandry
situation for the study area [26,27]. Previous studies reported a similar trend in Mongolia, which
has a similar pastoral system in a similar environment [13,41]. Numerous studies from African
countries, however, have documented stagnant or even decreasing trends in livestock number and
livestock production [4,42–46]. Livestock report 2006 [42] revealed that Africa relied almost entirely on
imports to meet increased domestic demands for livestock products during the late 1990s and early
2000s [43]. Studies in Ethiopia [44,45], the horn of Africa [4], have shown similar decline patterns in
livestock numbers and per capita consumption of livestock products in the last 30 years, and others
in Botswana [46] have also described a rising and falling pattern in livestock population dynamics,
indicating that there is large variation in production levels among developing countries, and some
poor countries are barely self-sufficient as a result of fast growth in human population coupled with
low livestock productivity [43].

Due to large differences in natural conditions, access to technology, and native cultures [47],
pastoral systems differ widely in livestock composition across the world. For example, the main
livestock species kept in Africa are cattle, camel, goat, and sheep. Dairy and sheep industries are
dominant in South America. In our study site, a multi-species pastoralism involves sheep, goat, cattle,
and horse, with a tiny fraction of several draft animals like camel, donkey, and mule, which is also
practiced in its adjacent pastoral communities in the Mongolian Plateau [10,13,48]. During the past four
decades, this region showed a growing tendency to keep more small livestock than large livestock, with
a higher proportion of sheep and goat than other species. The proportion of small and large livestock
averagely accounted for 64.1% and 35.9% of total animals across 1970–2010, respectively, and the
contribution of sheep and goat in head and sheep unit reached 72.9% and 16.9%, 52.9% and 11.3%,
respectively, suggesting that sheep and goat were the most preferable species for local pastoralists and
this trend was more aggregated in the last 20 years.

5.2. Factors Influencing Changes in Livestock Population and Composition During 1970–2010

Prior studies have revealed that the livestock industry is susceptible to the effects of environmental,
social, economic, institutional, and policy factors, which may differ substantially over spatial and
temporal scales [10,19,49,50]. In our study, the pastoral population significantly impacted the massive
increase in livestock population in Xilinhot in the past 40 years, suggesting a heavy dependence of local
pastoralists on the animal husbandry for their livelihoods. This finding is consistent with previous
studies in this area [29,32] and also congruent with the decisive roles played by livestock and livestock
production in many areas and countries of developing world [9,51]. For instance, Staal et al. [52]
summarized 92 cases mainly from sub-Saharan Africa and South Asia, showing that the percentage of
livestock income from pastoral production in total income averaged 55%. At the local level, animal
husbandry maintains the backbone of Mongolia’s economy and nearly half of the total population
relies on the livestock sector to varying degrees [41]. In the Inner Mongolia region of China, livestock
rearing supports the current 14.4 million pastoralists as their primary livelihood source, with a tiny
portion of other revenue income [28]. Strong linkage between population growth and herd expansion
emphasizes the importance of herding family size in the extensive pastoral systems. As the number of
herding households rises, the animal population will experience a natural increase, potentially creating
more intense and acute pressures on the grasslands. Accordingly, the local pastoralists in pastoral
regions should be valued and incorporated into the planning and management of rangelands as their
crucial element among grassland ecosystems [53]. Otherwise, sustaining grassland functioning and
services might not be possible without fully considering pastoral population dynamics.
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During the same period, we also found that the evolving land use policies have greatly contributed
to the pastoral development in our study area. In the last nomadic period, many large-scale people’s
communes aiming at raising agricultural production were established and herders were encouraged
to join the communes, which were responsible for managing pastoral lands as well as livestock
production [31]. In this period, animal numbers remained constant with a slow growth rate, largely
owing to there being no incentive offered by the people’s commune to expand herd size or increase
livestock productivity [38]. The proportion of large and small animals was virtually equal, accounting
for half and half. Apart from providing livestock products for food supply, large livestock were kept
mainly for transportation services, including transhumant grazing and transfer between pasturelands
and urban areas. It is interesting to note that the high proportion of horse population might be closely
related to the military horse farms set up in the 1970s [54], indicating that the national demand would
be one of functionalities for livestock to fulfill under the collectivism period.

After the establishment of the Household Production Responsibility System (HPRS) rooted from
China’s agricultural reform [37] in the 1980s, fundamental transformations in the livestock industry
took place, shifting from the collective management to independent family productive units [53],
and a transition from a centrally controlled economy to a market economy, as well as a free market
mechanism for animal products since the 1990s [55]. This greatly mobilized the herdsmen to raise
livestock and stimulated the growth of productivity in the fast development period. The significant
relationship between implementation of the HPRS and the radical increase in livestock numbers is also
documented in the same area [31,37,38]. With the privatization of use right to grasslands and livestock,
the pastoralists became settled down and practiced long-year grazing instead of seasonal movements,
which facilitated the selection of animal species that were of high value for sale with a small size and
faster reproduction rates. The differentiation of animal species was evident at this stage, with the trend
of a much higher proportion of small animals than large animals further suggesting that the market
forces came into effect in this rapid development stage. This result on driving the changes in livestock
composition is similar to studies conducted in Mongolia [13] and is different from that in southern
Ethiopia of Africa, where increasing livestock diversification was mainly due to recurring drought,
bush invasion, and decreasing adaptability of cattle to the climatic variations [12].

After 2000, large-scale grassland conservation and ecological protection programs supported by
the government were carried out by implementing a range of improved grazing systems, such as
prohibiting and delaying grazing integrated with ecological subsidy policies, which was to control
and alleviate the continued environmental deterioration [35,38,50]. As a consequence, the total
amount of livestock apparently dropped, especially for small livestock, and the vegetation improved
accordingly [27,37]. At the same time, the observed increase in cattle population was not only
attributable to the rising domestic demands, but also to policies that changed traditional mobile grazing
to stall feeding. Hence, the state policies and regulations associated with environment protection
and compensation programs have played a vital role in regulating livestock population and restoring
grasslands. More effective and adaptive grazing strategies considering spatial and climatic variability
are urgently needed in the future [38].

In addition, climate change represented by annual temperature, extreme low temperature,
and drought index had an impact on both the total livestock population and animal species.
The snowstorms of 1977 and 1985 [56], as well as the drought during 1999–2001, led to a serious loss
for the local animal husbandry, indicating that natural factors, particularly extreme events, were still a
major driver for the livestock dynamics in the Xilinhot region. This is also the case in many other arid
and semi-arid regions around the world [12,13,19].

5.3. Implications for Improving Animal Husbandry Sustainability in Xilinhot

During the past several decades, nomadic pastoralism in Xilinhot has given way to extensive
pastoral systems with supplementary feeding. In the mid-1980s, the implementation of land tenure
reform and the market economy brought about a short-term boom in local livestock production and
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drove the number of animals to rise substantially. However, the effects of overemphasizing livestock
numbers are enormous and destructive, resulting in both degraded grasslands and depauperated
herders [50]. These ecological and socioeconomic challenges cannot be dealt with by simply raising
the livestock population, which itself has been a source of current problems. More comprehensive
strategies based on resilience and sustainability research are needed [38,57,58].

Towards a sustainable animal husbandry in the Xilinhot region, our study has several implications.
First, the livelihood strategies of herders need to be diversified, so that livestock rearing will not be
their only income source. This is necessary for both improving pastoralist welfare and restoring the
degraded grasslands. It requires government subsidies and policy support. Ecologically friendly
urbanization can help provide more diversified jobs, as well as education and vocational training
opportunities. This can significantly reduce the pressures of grassland utilization simply for livelihoods.
Second, future policies need to place more emphasis on increasing livestock production efficiency
than livestock numbers, which will help enhance the productivity while decreasing the animal
population associated with the labor and financial inputs [28]. Third, incentive systems are needed
to encourage and reward herders to utilize grassland resources properly and to restore degraded
grasslands. The central and local governments need to establish rigorous policies and regulations for
ecological protection and compensation. Finally, governmental policies should encourage collective
action and cooperation [59,60], especially in remote places. Small household herders scatter in remote
places, and thus are vulnerable (and less resilient) to environmental and economic shocks because of
their geographic isolation and technological disadvantages. In general, herders can work together to
increase economic and ecological efficiencies by increasing their social capital [31].

6. Conclusions

The Xilinhot grassland has witnessed substantial environmental and socioeconomic transformations
during the past four decades, resulting in dramatic changes in livestock numbers and composition.
Our study revealed that in the past 20 years, socioeconomic factors have played a much stronger
role than environmental ones in driving the livestock dynamics. Growing pastoral population, land
use policy, and the conservation programs initiated by the central government have contributed
significantly to the current pattern of livestock production. To improve both the degraded grassland
ecosystems and herders’ wellbeing in the region, policies and regulations are needed to promote
sustainable animal husbandry. These policies ought to focus on diversifying livelihood strategies and
income sources, increasing livestock production efficiency, establishing incentive systems to encourage
and reward sustainable use of grasslands, and encouraging collective action and cooperation to enhance
herders’ social capital and resilience.
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