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Transformation of traditional pastoral
livestock systems on the Tibefan steppe

Abstract

The rangelands of the Tibetan steppe cover an extensive area of Asia, which is
comprised of a diversity of cold deserts, semiarid steppes, shrublands, alpine
steppes, and moist alpine meadows. The climate of these rangelands is strongly
continental, and most of the steppe is arid to semiarid. The Tibetan steppe is the
source of many of the major rivers of Asia, and has a rich flora and fauna with many
endemic species. This unique region has been traditionally used for transhumant
grazing by yak, sheep, and goats. During the last 50 years, management of these
rangelands Kcs undergone major shifts from feudalism to collectivism to privatisation
of livestock with individual grazing rights. Characteristics of the Tibetan steppe are
described and discussed in relation to these management changes with emphasis on
impacts on the land resources and herders’ livelihoods.

Key words: rangelands, desert, steppe, Tibet, Central Asia, animal production,
pastoralism, animal husbandry.

Résumé

Transformation des systémes de production animale dans les steppes tibétaines

Les parcours de la steppe tibétaine occupent une vaste superficie en Asie centrale. Ils
comprennent une variété de déserts froids, des steppes arbustives semi-arides et des
steppes et des prairies humides alpines. Le climat régional est fortement continental.
La plus grande partie de la région est couverte de steppes arides et semi-arides. La
région est aussi ?c: source de plusieurs fleuves asiatiques ; elle posséde de riches flore
et?cune avec de nombreuses espéces endémiques. Cette région a été traditionnelle-
ment utilisée pour le pacage de troupeaux transhumants de yaks, de moutons et de
chévres. Au cours des 50 derniéres années, la gestion de ces parcours a subi des
changements considérables depuis le féodalisme jusqu’au collectivisme et la privati-
sation du bétail, avec des droits de pacage ind’ivi vels. La caractérisation de la
steppe tibétaine est décrite et discutée en relation avec les changements intervenus
dans les méthodes de gestion. L'accent est mis sur |'impact des ressources fonciéres
sur les moyens d’existence des éleveurs.

Mots clés : parcours, désert, steppe, Tibet, Asie centrale, production animale,
pastoralisme, élevage.

rozing animals and grazing- grozin? rather than cultivation, occupies
based livestock production sys-  40% of the 13.7 billion hectares compris-
tems remain an important compo-  ing the earth’s land surface. On the Tibe-

nent of the world’s food supply [1].
Rangeland, which produces forage for
grazing animals and is more suited for

tan steppe of Asia, almost all animal feed
is obtained as forage by grazing livestock
in traditional or modified pastoral livestock
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Froduction systems. Successful pastoral
ivestock production systems on the Tibe-
tan steppe (similar to anywhere else in the
world) must have:

—access fo natural resources (forage,
feed, shelter, water, etc.) needed to sup-
port livestock to produce offtake products;
— livestock that convert forage and other
feeds into products (i.e., meat, milk, fibre,
manure, hides, efc.) that are directly
consumable by the producer’s family or
that can be exchanged for other products
or cash in the market-place;

— relatively few people dependent on
natural resource use ?or their immediate
livelihoods.

The Tibetan steppe with its strong continent-
al climate is one of the most severe environ-
ments in the world where pastoral livestock
production continues to be practised. Most
rangelands on the Tibetan steppe are
above 4,000m in elevation, and some
herders maintain permanent camps at ele-
vations as high as 5,100m. Despite this
harsh climate, rangelands on the Tibetan
steppe provide forage for an estimated
12million yak and 30 million sheep and
goats that support the livelihoods of about
5 million pastoralists and agropastoral-
ists. Through thousands of years, pastoral
livestock production on the Tibetan steppe
has continually involved decision-makin
by the pastoralists to mitigate risks cng
avert disasters. Risk imposed by environ-
mental conditions is oﬁ/voys a factor in
meeting animal demand and livelihood
needs in a pastoral system, and is an
especially critical constraint on the Tibetan
steppe. The needs of grazing animals to
be productive and survive must continuall
be balanced with the availability of feed,
water, and shelter across several different,
but consecutively occurring, timeframes.
The surest way o%, reducing risk in livestock

roduction and ensuring sustainable liveli-
Eoods is to maintain flexibility of decision-
making in animal production activities,
mobility of adapted animals, and access
to a variety of spatially and temporally
distributed resources.

The traditional forage-based, extensively-
managed pastoral livestock production
systems that have existed for millennia on
the Tibetan steppe, however, are showing
declines in overall productivity. For exam-
ple, about a third oFthe rangelands on the
Qinghai-Tibetan Plateau are currentl

considered moderately to severely degrq(}i
ed [2]. In the Tibetan Autonomous Region,
the percentage of degraded rangelands
increased from 18 to 30% of total area
between 1980 and 1990. Degradation is
also a growing concern in Naqu Prefec-
ture where degraded land makes up
almost 40% of the total degraded range-
land in the entire Tibetan Autonomous
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Region [3]. Some Kobresia-dominated
communities in alpine meadows of the
Tibetan steppe have deteriorated to such a
degree that most of the sedges and asso-
ciated grasses have disappeared, leavin
annual  plant species and bare soﬁ
termed ”Elock beach”. Overgrazing and
burrowing by pikas (Ochotona spp.) have
been imp?icated as major causal factors of
this degradation, although climate change
and increasing aridity may also play a
role LA] This gegradation calls info ques-
tion the long-term sustainability of the Tibe-
tan steppe under current use [2].

In this paper, the authors characterize the
rangeland resources of the Tibetan steppe
in China. They also highlight the major
challenges that exist in trying to balance
the needs for ensuring that this unique
landscape continues to maintain critical
water sources, provide habitat and forage
for domestic livestock and wildlife, and
maintain biological diversity. The hope is
that this discussion will shed light on the
ongoing decline in livestock productivity
and ecological stability of natural resourc-
es on the Tibetan steppe, and assist in
devising meaningful solutions to problems
affecting the sustainability of households
and production systems on the steppe. This
paper draws Keavily on information
contained in studies by Sheehy [5] and
Miller [6].

Geographical
and topographical characteristics

General features

The Tibetan steppe encompasses a vast
area in Asia located between about
26°50" and 39° 11" North latitude
(figure 1). The majority of the steppe is
contained within China, but it also
extends into northwestern Bhutan, north-
ern Nepal, and northwestern India. The
Tibetan steppe stretches for almost
1,500 km from north to south and about
3,000 km from east to west, encompas-
sing about a quarter of China’s land
area. The Himalayan Mountains
demark the southern boundary of the
steppe, while the Kunlun, Arjin, and
Qilian Mountains delineate its northern
boundary. The western boundary of the
steppe is the juncture of the Himalayan,
Karakoram, Kunlun, and Pamir Moun-
tains. The eastern boundary of the
steppe extends along the Qinghai
highlands, western Gansu and Sichuan
Provinces, and into northwestern Yun-
nan Province. More than 80% of the
steppe is above 3,000m elevation, and
about half is above 4,500m [7]. Man

maijor rivers originate on the steppe includ-

ing the Yellow, Yangtze, Mekong,
Salween, Indus, Sutlej, Ganges, and Brc?]-
maputra Rivers.

In China, the Tibetan steppe covers an
area of about 165 million hectares, or
42% of China's grazing lands [8]. A pro-
vincial breakdown of the steppe area
within China includes: 118.4 million hec-
tares in the Tibetan Autonomous Region
and Qinghai, 15 million hectares in the
northern portion of the Kunlun Mountains
in southern Xinjiang, 14 million hectares
in western Sichuan, 5 million hectares in
northwestern Yunnan, and 12 million hec-
tares in western Gansu. Less than 1% of
the steppe is cultivated with crops that
include Eorley, wheat, peas, rape, and
potatoes; however, cropping areas have
expanded in recent decades, especially in
the Qaidam Basin. In the eastern portion
of the steppe, cropland is found in the
lower valleys (below 3,300m), whereas in
western Tibet cropping areas are found
along the valley and tributaries of the
Yarlung Tsangpo River (below 4,400m).
The Tibetan steppe has several distinct
topographic regions determined by water
drainage patterns and the parallel moun-
tain ranges that divide it 7j: Much of the
steppe consists of large lake basins sur-
rounded by mountains with no outlets.
Only the eastern and southern portions of
the steppe have outlets to the ocean, with
rivers originating in the Kunlun Mountains
flowing north to the Taklimakan and Quai-
dam Deserts. Forests only occur on the
eastern edge of the steppe in western
Sichuan, northwestern Yunnan, southeast-
ern Qinghai, eastern Tibet, and in some
valleys on the northern slopes of the Hima-
layan Mountains.

Climate

The Tibetan steppe has a continental cli-
mate that is influenced by the southeastern
monsoon in summer, and western air circul-
ation patterns and high Mongol-Siberian
air pressures in winter%?]. With the steppe
sloping to the southeast, moisture from the
southwest monsoons comes up gorges
from the east and south. Summer precipit-
ation decreases in a gradient from east to
west and from south to north. The east of
the steppe is humid, the south is semiarid,
and far western Tibet is arid. The central
steppe is subfrigid in a broad band from
Gansu and Qinghai Provinces west
through Tibet, and it is humid in the east
and semiarid in the west. The northern
portion of the steppe is frigid and arid [7].
For example, in Lhasa (3,658m), the ave-
rage January temperature is -2°C and in
July itis 15°C with an absolute minimum of
-16°C with about 130 frostfree days. In
Naqu Prefecture in  northern Tibet
(4,507m), the average temperature in
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Figure 1. Major ecoregions of the Tibetan steppe (Source: World Wildlife Fund).

January is -14°C and in July it is 9°C with
an absolute minimum of -41°C and only
20 frostfree days. The diurnal temper-
ature range on the steppe varies, but is
about 14 to 17°C [9] with rapid drops in
temperature after sunset. The annual num-
ber of hours of sunshine averages 2,500
to 3,000 hours.

Annual precipitation varies from about
600mm in the eastern portion of the
steppe to under 60mm in the western por-
tion, mostly occurring as wet snow and
hail during June to September. Most of the
pastoral area receives less than 400mm of
annual precipitation. Winters are general-
ly dry, but heavy snows frequently occur
and cover available forage, with accom-
panyinglowtemperatures placing addition-
al stress on livestock and wildlife. Much of
the steppe (especially in the west) has
strong winds with 100 to 150 days in a
year having wind speeds more than
17m/sec.

Wildlife

The Tibetan steppe supports diverse mam-
malian faunas, and the northwest steppe
contains a unique assemblage of large
mammals [10]. Ungulates, a number of
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which are endemic, are of special signifi-
cance [1 1J: Tibetan wild ass (Equus
kiang), wild yak (Bos grunniens), Tibetan
antelope (Pantholops hodgsoni), and Tibe-
tan gazelle (Procapra picticaudata). The
mountains provide habitat for blue sheep
(Pseudois nayaur) and Tibetan argali
(Ovis ammon hodgsoni). In the mountains
of the eastern steppe, where forests mix
with grasslands, musk deer (Moschus sifa-
nicus), MacNeil's deer (Cervus elaphus
macneilli), white-lipped deer (Cervus albi-
rostris), roe deer (Capreolus capreolus
bedford), and takin (Budorcas taxicolor)
are found [1 2]{. In southern Tibet, scattered
populations of Tibet red deer (Cervus ela-
phus wallichi) are still found. Przewalski's

azelle (Procapra przewalskii) occur in
ie vicinity of Qinghai Lake, and goitered
gazelle (Gazella subgutturosa) are found
on the northern edge of the steppe. Preda-
tors such as brown bear (Ursus arctos),
wolf (Canis lupus), snow leopard (Uncia
uncia), lynx (Felis lynx), Tibetan steppe fox
(Vulpes ferrilata), and red fox (Vulpes
vulpes) are also present, and smaller
mammals such as marmot (Marmota
bobak) and pika (Ochotona spp.) are
common [13].

In Tibet alone, over 500 bird species have
been recorded L] 4] including predatory
birds such as the steppe eagle (Aquila
nipa/ensisl(, upland buzzard (Buteo hemi-
lasius), saker falcon SFalco cherrug), gos-
hawk (Accipiter gentilis), black kite (Milvus
migrans), and small owls (Athene noctua).
In “addition, several species of snow
finches (Montifringilla spp.), pheasants
(Crossoptilon spp.,  Tetraogallus spp.),
and Tibetan sandgrouse (Syrrhaptes tibe-
tanus) are found. Waterfowl such as the
black-necked crane (Grus nigricollis), bar-
headed goose (Anser indicus), and ruddy
shelduck (Tadorna ferruginea) are also
present.

Floristic features
of the Tibetan steppe

General characteristics

Central Asia can be divided into the Mon-
?olion and Tibetan floristic provinces; the
after includes the entire Tibetan steppe
except the Qaidam Basin, Pamir Moun-
tains, and southwestern Xinjiang. The Qai-
dam Basin is geographically part of Tibet,
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but its vegetation has more affinity to the
Mongolian province [15]. The Tibetan flor-
istic province can be divided into four
regions:

1. Nan Shan and Chamdo in the northeast;
2. Deep river valleys in the southeast;

3. Deep longitudinal valley of the Yarlung
Tsangpo River in the south;

4. Vast High Tibetan or Chang Tang.
Several floras converge on the steppe
including those of Central Asia, East Asiq,
and the Himalayan Mountains. In Tibet,
more than 2,000 plant species have been
identified [16], mainly in the families Com-
positae (330 species), Gramineae (277),
Leguminosae (123), Rosaceae (102),
Cyperaceae (102), and Polygonaceae
(63). The vegetation of the Tibetan steppe
and its Floro?elements differ strongly from
the subtropical mountain forest vegetation
of southeastern Tibet and adjoining
regions 417]. Endemics comprise about
1,200 of all Tibetan species.
Kingdom-Ward [18] identified six sub-
regions within the Tibetan steppe:

1. Interior plateau;

2. Outer pﬁutecu;

3. Rainy gorge region;

4. Arid gorge region;

5. Qaidam Basin;

6. Chinese Tibet (or the northeastern part
of the steppe).

Scientific investigations of the resources of
the Tibetan steppe were conducted by the
Qinghai and Gansu Integrated Survey
Team of the Chinese Academy of Sciences
in 1963 and the Xizang Integrated Survey
Team of the Chinese Academy of Sciences
in 1966.

Chang [17] divided the vegetation on the
Tibetan steppe into five major regions:

1. High-col?or alpine meadow of eastern
Tibet,;

2. Xeric shrubland and steppe along the
valleys of the Yarlung Tsangpo (Brahmapu-
tra River) and Indus River in southern Tibet;
3. High-cold or alpine steppe in northern
Tibet;

4. High-cold desert in northwestern Tibet;
5. Temperate desert in southwestern Tibet.
Schaller [7] followed Chang's classifica-
tion, but added a sixth region, the Qaidam
Basin.

Vegetation types

Within each region, there is a diverse
assortment of plant communities that vary
in species composition and structure
based on factors such as elevation,
aspect, drainage, and precipitation [19].
For example, C%mng and Gauch [20] des-
cribed 26 plant communities in western
Tibet, and Achuff and Petocz [21] identifi-
ed 18 communities in the Arjin Shan
Region of Xinjiang on the northern edge of
the Tibetan steppe. Vegetation on the
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Table 1. Vegetation types of the Tibetan steppe (adapted from [24, 25]).

Vegetation type Area (1,000 ha) Percent of total area (%)
Temperate meadow-steppe 210 0.16
Temperate steppe 3,833 2.92
Temperate desert-steppe 968 0.74
Alpine meadow-steppe 5,626 4.28
Alpine steppe 31,162 28.75
Alpine desert-steppe 8,679 6.61
Temperate steppe-desert 107 0.08
Temperate desert 2,084 1.59
Alpine desert 5,967 4.54
Tropical tussock 9 -
Tropical shrub tussock 28 0.02
Temperate tussock 1 -
Temperate shrub tussock 140 0.10
Lowland meadow 1,168 0.88
Temperate mountain meadow 6,067 4.61
Alpine meadow 58,652 44.64
Marsh 21 0.01
Total 131,322 99.93

plains has a broad horizontal zonation
and on the mountain slopes has a relative-
ly narrow vertical zonation, both based on
precipitation and elevation. China’s ran-
geland resources on the Tibetan steppe
were surveyed and mapped in the 1980s
and clossi?iled info 17 vegetation types
based on climatic zones, humidity incfex,
vegetation, and importance to the live-
stock industry [22, 23]. These vegetation
tpres, their aerial extent, and percentage
of the total area of the Tibetan steppe are
presented in fable 1. Others classified
rangelands of the Tibetan Autonomous
Region into 12 different types [16, 26,
27?. These 12 vegetation types and asso-

ciated dominant species are presented in
table 2.

Characteristics of four major
vegetation types

Vegetative attributes of the Tibetan steppe
vary greatly depending on the particular
combinations of topography, soils, preci-
pitation, and grazingqhistory of the area.
Because of space limitations, only the four
maijor vegetation types, comprising nearly
85% of the Tibetan steppe will be dis-
cussed here.

* Alpine meadow type

The alpine meadow type makes up about
45% of the Tibetan steppe and is found on
valley floors and mountain slopes in the
eastern part of the steppe from about
3,500 to 4,500m elevation with an
annual precipitation of more than 400mm.
This type is widespread in southwestern
Gansu, western Sichuan, and southeast-
ern and southern Qinghai and extends

into Tibet o the longitude of Lhasa. Further
west on the steppe, the alpine meadow
type occurs mainly in riparian areas and
areas receiving melt-water runoff [7, 28].
The alpine meadow soil averages 20 to
40cm deep and is rich in organic matter.
The surface layer is a substantial, resilient
sod [9]. Ni [24] concluded that high car-
bon storage in the thick sod layer ofgal ine
meadows may play an important roF
the global cch)on cycle.

e in

Alpine meadow is dominated by sedges of
the genera Kobresia [9]; dominant species
are Kobresia pygmaea, K. humilis, K.
capillifolia, K. setschwanensis, K. schoe-
noides, and K. littfledalei. Carex atrofusca,
Polygonum viviparum, and Polygonum
macrophyllum are the subdominant species
in the alpine meadow, and numerous forbs
are also found including species in the
genera: Leontopodium, Anemone, Ana-
phalis, Polygonum, Pedicularis, Rheum,
Androsace, Gentiana, Ranunculus, Aconi-
tum, Astragalus, Oxytropis, Primula, and
Potentilla. Grasses include: Elymus nutans,
Roegneria nutans, Koeleria litwinowii,
Helictotrichon tibeticum, Brachypodium syl-
vaticum, Stipa aliena, Festuca rubra, Fes-
tuca ovina, and Deschampsia caespitosa.
Large areas of productive pasture in alpine
meadow are dominated by Elymus nutans,
especially in northwestern Sichuan, south-
western Gansu, and eastern Qinghai. In
swampy depressions in the alpine meadow,
hummock vegetation occurs, which is domin-
ated by  Kobresiaspp.  (30-cm fall
K. royleana, K. schoenoicjzs). Shrub commu-
nities of Salix spp., Caragana jubata,
Potentilla  fruticosa, and RhodoJendron
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Table II. Major vegetation types and plant communities in the Tibetan Autonomous Region

(adapted from [16, 26]).

Mountain shrub steppe

Mountain steppe

Alpine steppe

Mountain desert steppe

Mountain desert
Alpine desert
Alpine cushion vegetation

Lake basin and valley meadow grassland
Woodland meadow

Vegetation type Dominant plant species
Alpine meadow Kobresia spp.
Alpine shrub meadow Rhododendron-Kobresia
Sub-alpine shrub meadow Sabina-K. bellardii

Picea —K. bellardii
Quercus semicarpifolia — K. bellardii
Salix/Spiraga/Berberis
Sophora viciifolia — Pennisetum flaccidum
Sophora viciifolia — Orinus thoroldii
Artemisia stracheyi — K. bellardii
Artemisia stracheyi — Stipa spp.
Artemisia stracheyi — Orinus thoroldii
Orinus thoroldii
Achnatherum hookeri
Stipa bungeana — Pennisetum flaccidum
Stipa purpurea
Stipa purpurea — Kobresia spp.
Stipa purpurea — Caragana versicolar
Stipa purpurea — Festuca ovina
Stipa glareosa
Stipa glareosa — Ceratoides latens
Caragana versicolar — Stipa glareosa
Caragana versicolar — Ceratoides latens
Ajania fruticulosa — Stipa glareosa
Ceratoides latens — Stipa spp.
Ceratoides latens
Carex moorcroftii
Ceratoides compacta — Carex moorcroftii
Ceratoides compacta

spp. are common on northern aspects in
alpine meadow.

Most Tibetan pastoralists and their stock
are located in the alpine meadow region,
where livestock densities can be high. For
example, in eastern Qinghai Province
stocking rates are <2i8 to 7(? cmimlcls/kmzH
Hea razing and trampling along wit
solifluvﬁt?on ho%e disturbeg thge sod gloyer,
causing extensive rangeland degradation
in some areas [7].

¢ Alpine steppe type

The alpine steppe comprises nearly 29%
of the Tibetan steppe and is found between
elevations of 3,500 and 4,600 m in the
central and western portions of the steppe.
Unlike the alpine meadow, the alpine
steppe does not have a sod layer, and the
soiris often gravel and coarse sandy loam.
The alpine steppe is a variant of the temper-
ate steppe type under the cold conditions
of the Tibetan steppe F?] Grasses (Stipa
purpurea, S. subsessiliflora) dominate tﬁis
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type and often grow in association with
cushion plants (gndrosace tapete, Arena-
ria musciformis, Oxytropis microphylla).
Associated species are mainly xeric and
meso-xeric grasses: Poa alpina, Poa cry-
mophila, Poa dolichachyra, Roegneria
nutans, Roegneria thoroldiana, Agropy-
ron cristatum, Stipa aliena, Orinus thorol-
dii, Calamagrostis spp., Festuca rubra,
Kobresia spp., and  Carex moorcroftii.
Shrubs include: Potentilla fruticosa, Aja-
na spp., Artemisia spp., and Ceratoides
compacta.  Forbs include:  Potentilla
bifurca, Dracocephalum heterophyllum,
Heteropappus altaicus, Leontopodium
spp., Pedicularis spp., Allium spp., Oxy-
tropis spp., and Astragalus spp.

Along the drainage of the Yarlung Tsangpo
River in the rain shadow of the Himalayan
Mountains between 3,500 to 4,000m elev-
ation on valley floors and lower mountain
slopes, the dominant vegetation consists of
xeric grasses such as Aristida triseta, Stipa
bungeana, Pennisetum flaccidum, Elymus

nutans, and Orinus thoroldii. Shrubs such
as Arfemisia webbiana, Berberis spp,
Sophora moorcroftiana, Sophora vicii.P -
lia, Lonicera spinosa, Leptodermis sau-
ranja, and Ceratostigma griffithii are often
mixed with grasses, or occur as distinct
communities. Juniperus shrub communities
are found on the upper slopes. Because
this central valley region was seftled by
farmers, most of the area has been subject-
ed to heavy, continuous grazing for centu-
ries, withresulting overgrazingand degrad-
ation [29, 30]. Deserti?icqtion and moving
sand dunes are serious problems in many
areas in the Yarlung Tsangpo Valley.

In the alpine steppe, plant canopy cover
varies from 10 to 30%, and productivirK is
often less than 300 kg dry matter/ha.
Within the alpine steppe, swampy depres-
sions fed by snow oncrglociol streams are
dominated by Kobresia spp. These areas
are key grazing areas during early spring
because plants there initiate growth earlier
than surrounding vegetation, which
depends on summer precipitation for
growth [31]. The alpine steppe is impor-
tant for pastoral production [32], and most
is still in quite good ecological condition,
althoughovergrazingiscommonnearsettle-
ments. Schaller [7? estimated livestock
density in the alpine steppe in northern
Tibet at 8.7 animals/km* (calculated as:
sheep 5.71/km?, goats 2.60/km?, yak
0.36 km/?, and horses 0.07 /km?).

* Alpine desert-steppe type

The alpine desert steppe, which extends
from northern Tibet into southern Xinjiang
Autonomous Region, is a bleak, arid
landscape with large areas nearly devoid
of vegetation L7] This type makes up
about 6% of the total grassland of the
steppe. Vegetation is similar to the alpine
steppe, but plant cover is less. Ceratoides
compacta (dwarf shrub) and Carex moor-
croftii (sedge) are the dominant plants on
the alpine gesert steppe. Few livestock are
found in this cold-high desert, and even
wild ungulates are limited in number [33].

* Temperate mountain-meadow type

The temperate mountain meadow is found
mainly in western Sichuan, southeastern
Qinghai, and eastern Tibet and often
occurs within spruce (Picea spp.) forests
between elevations of 3,330 to 4,200m.
This type makes up 4.6% of the Tibetan
steppe. Important grass genera include:
Festuca, Ptilagrostis, Poa, Helictotrichon,
Agrostis, Bromus, Elymus, Roegneria, and
Deyeuxia. Common forb genera include:
Pof)//gonum, Aconitum,  Delphinium,
Rheum, and Ligularia. Shrubs include:
Rhododendron, = Philadelphus,  Sorbus,
Salix, Spiraea, Prunus, and Lonicera.
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Table 1II. Annual d

matter production and carrying capacity for different rangeland vegetation

types in Hainan Pretecture in Qinghai Province [34].

Pasture type Dry matter (kg/ha) Carrying capacity (ha/SU/yr)
Alpine meadow 934 0.78
Temperate meadow-steppe 623 1.17
Alpine steppe 594 1.23
Temperate desert steppe 345 211
Temperate desert 228 319
Lowland meadow 1,341 0.54

SU : Sheep unit.

Rangeland productivity

Standing crop on the steppe varies consi-
derably (table 3). Alpine meadows are
some of the most productive vegetation
types, where average annual dry matter
production can reach 1,000 kg/ha.
Productivity of deserts, of course, is low
and averages only 100 to 200 kg dry
matter/ha. In Aksai Coung/ in Gansu
Province, Harris and Bedunah [354
found that average standing crop varie
from 115 kg dry matter/ha in desert shrub
to 790 kg dry matter/ha in desert sub-
irrigated meadows (table 4).

Forage quality

On most of the Tibetan steppe the only
source of nutrients for livestock, except for
small amounts of hay and purchased
concentrates, is from natural forage. As a
result, understanding the temporal and
spatial dynamics of plant production in
regard to plant and animal needs as well as
demand functions in the livestock product-
ion system is important [5]. High protein
and nutrient content was observed for all
plant growth forms at the end of the
growing season in an alpine meadow in
Guolou Prefecture in Qinghai Province
(table 5). The total amount of nutrients
available to livestock and wildlife in
autumn and winter was much higher
than found in many other grazing eco-
systems. This has important implications
for livestock production:

— sufficient nutrients remain available on
the Tibetan steppe to maintain livestock
through normal periods when forage is not
growing;

— degraded vegetation had relatively high

nutrients;

— capacity of Tibetan rangelands to sup-
ort livestock needs to be evaluated both
rom a nutrient content and consumable

biomass basis [5].

Grazing on the Tibetan steppe

Historical aspects
of Tibetan pastoralism

Pastoralists have probably been raising
stock on the Tibetan steppe for about
4,000 years [36, 37]. As early as the
Hsia Dynasty (2205-1766 BC), nomadic
Qiang were making fine woven woollen
material in the Kunlun Mountains. During
the Shang Dynasty (1766-1027 BC),
nomads in eastern Tibet were renowne
for their horses. The development of Tibe-
tan pastoralism was shaped by nomads
from Central Asia who brought sheep,
goats, and horses. Most herdgers on the
Tibetan steppe are Tibetan, but there are
small groups of Mongols and Kazakhs in
Qinghai  Province. Population density
across much of the steppe is less than
2 persons per km? [30]. For a distance of
almost 3,000 km, Tibetan is spoken and
has been a written language for about
1,300 years. In recent decades, pastoral-
ists across most of the steppe have built
houses and livestock shelters on traditional
winterspring pastures where they spend
up to 6 to 7 months of the year. The vast
maijority of herders has been “settled” for
some time, but graze their livestock in a
transhumant manner [38].

Tibetan pastoralism has evolved through
long-term adaptation and persistence by
herders [39-42]. Pastoralists traditionally
kept a mix of livestock species and classes,
and used a mosaic o;}grozing sites that
exploited seasonal and annual variability.
Herders bartered products for grain and
supplies, and quite elaborate trade link-
ages developed between pastoral and
agricultural areas. Tibetan pastoralism is
distinct ecologically from that of other
semiarid regions, except Mongolia [43],
because it is separated from agricultural
areas by temperature, not aridity [39,
44—46{1. The yak (Bos grunniens), which is
well adapted to the cold Tibetan steppe,
also distinguishes Tibetan pastoralism £47,
48]. The domesticated yak enabled
nomads to effectively harvest vegetation
types on the harsh Tibetan steppe FA‘?].

Land tenure

Before 1949, a feudal “estate” system of
land tenure existed with land controlled b
religious and aristocratic  elites [45{
Wealthy, powerful monasteries controlled
huge fiefdoms with numerous pastoral
estates and thousands of subjects. Herders
were bound to an estate and not free to
leave it, but owned their animals and
managed them as they wished. Herders
paid taxes and worked for their lord.
Traditionally, pastoral ~ estates  were
divided info numerous pastures, with
borders recorded in a register book [45].
Households were allocated grazing land
according to the number of livestock
owned, including multiple pastures for use
at different seasons. The system balanced
ronﬁelond resources and livestock by
reallocating pastures among  families
according to a census conducted every
three years. Herders whose stock numbers
increased during the previous three years
were ct||occ1te§ more grazing land,
whereas those with declining stock
numbers lost land. The aim of the system
was to maintain a specified number of
livestock on each pasture [45].

In many areas, herders were organized as
a confederacy of separate kin-based
groups. These groups were divided into
“encampments” of five to ten households,
and each encampment had rights to a set

Table IV. Standing crop (kg/dry matter/ha) for various vegetation types in Aksai County in Gansu Province at an elevation of 3,100 to 4,400m [35].

Vegetation type Standing crop Dominant species

Desert shrub 115 Sympegma regelii, Reaumuria soongarica

Desert steppe 167 Oxytropis aciphylla, Leymus paboanus, Stipa glareosa
Alpine desert shrub 141 Ceratoides compacta, Stipa glareosa

Alpine steppe 245 Stipa purpurea, Poa spp., Festuca spp., Carex moorcroftii
Desert subirrigated meadows 790 Carex spp., Achnatherum splendens

Meadows and sandy grasslands 423 Carex spp., Leymus paboanus, Stipa spp., Kobresia spp.
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Table V. Crude protein (CP) and total digestible nutrients (TDN) for vegetation of the second
livestock cooperative in Guolou Prefecture in Qinghai Province as a percentage of dry matter [5].

Season Grasses Forbs Shrubs

CP TDN P TDN (¢ TDN
Late June 16.1 79.5 16.6 85.4 19.1 83.1
Late July 15.0 78.2 15.0 83.9 17.8 82.6
Mid-September 10.5 79.6 10.5 83.8 10.0 80.7

of seasonal grazing areas within the wider
“tribal” territory. Natural features such as
ridges and streomsd[SO] marked bound-
aries. Herders had heritable grazing
rights within a group territory [51]. In
areas outside the control of large pastoral
estates, grazing rights were very insecure
and depended on force [50]. While the
rights of tribes to certain tracts of land
were fixed (unless and until other tribes
took them by force), rights of encamp-
ments were more fluid. The camping sites
and grazing grounds of the various groups
could be c?wnged from one part of tﬁe
tribal territory to another at the discretion
of tribal leaders and in response to chang-
ing needs of the encampment [50]. In the
Golog Region of the northeastern steppe,
winter camps had a sense of “ownership”
by specific encampment groups. House-
holds in the encampment ﬁqd “individual
and exclusive rights over certain hay-
fields” near winter sites [52].
Since 1949, the Chinese Government has
induced profound changes in land tenure
and social organization of pastoral com-
munities. In the 1950s, when land reform
was  being implemented  throughout
China, grazing lands were notionoﬁzed,
and aristocratic and monastic lords lost
their estates. However, State ownership of
razing land was not incorporated into
Faw until 1982 [53]. When communes
were established in the late 1950s and
1960s, ownership was vested in product-
ion teams, which came fo regard range-
land as collective property. Thus, a
de facto situation emerged with State- and
collectively-owned pastures. All livestock
were the property of the communes with
herders holding shares in the communes’
livestock. In the commune era, however,
mobile pastoralism continved, and no
aftempt was made to reduce the geogro-
phic scope of livestock production.
Decollectivisation of the agricultural sector
in China was authorized in 1978. Reforms
began in agricultural areas of eastern
China, where communes and State farms
were dismantled, and their lands were
redistributed under the family-based House-
hold Contract Responsibility System [54].
In agricultural areas, farmers could lease
land, and land-use rights could be sub-
contracted or inherited. The confract
system became the orthodox form of land
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tenure for agriculture and was applied to
grasslands with the promulgation of the
Grassland Law in 1985 [53]. This Law
stated that the user rights of State or collect-
ive land could be leased “longterm” to
households, although in practice lease
periods typically extended to 30 years
and in special circumstances to 50 years.
In most of the pastoral area of Qinghai,
southwest Gansu, and northwestern
Sichuan Provinces, many herders have
seftled and fenced pastures contracted to
them. The allocation of rangeland is at the
community and small-group level, similar
to the pre-commune era [41].

Harsh climate of Tibetan steppe
and pastoral dynamics

The strong continental climate and period-
ic weather perturbations that occur on
the Tibetan steppe in the form of sudden,
brutal snowstorms add to the complexity
and dynamic nature of the steppe [55,
56]. Snowstorms are a fundamental fea-
ture of climate on the Tibetan steppe and
probably serve as an important regulatory
mechanism in the pastoral system. Serious
losses occur as a result of heavy snowfalls
and severe cold weather [7, 28, 46, 51,
55]. For example, from 1955 to 1990 six
severe winfers with heavy snow were
reported resulting in 20 to 30% livestock
losses with each winter. Similarly, the
winter of 1995-1996 was severe in many
parts of the steppe with 33% livestock loss
in Yushu Prefecture of Qinghai Province. In
Naqu Prefecture, 20% of the pastoral
population of 340,000 lived in poverty
prior to the severe 1997-1998 winter,
whereas  the  poverty  percentage
increased to 40% tﬁe following year. Los-
ses due fo unseasonably cold weather
during summer are also common. For
example, Goldstein and Beall LAS] found
that after five days of snow in the summer
of 1986, one herding area lost 30% of its
livestock. Herding on the Tibetan steppe
has always been a high-risk enterprise,
and pastoralists have adopted strategies
that minimize risk and make the best use of
grazing resources [45, 46].

Livestock management

Pastoral practices are similar across the
steppe, although the composition and size

of herds differ. Herders keep herds of yak,
yak-cattle crosses, sheep, goats, and hor-
ses. Yaks are preferred at extreme altitu-
des, in snow, and for riding in rough
country [43]. Their dung is also an impor-
tant fuel. Sheep and goats are most impor-
tant in the west, cndgore milked there. In
the east, yaks supply all the nomads’ milk
needs. Mutton is the preferred meat, where-
as goats yield cashmere, meat, and milk.
Horses are used primarily for riding, but
are also used as pack animals. Mares are
not milked, and Tibetans do not eat horse-
meat. Since disbanding of the communes,
livestock are owned by individual families
who are responsible for their livestock,
and the processing and marketing of live-
stock products. The proportion of livestock
species and the size of Tibetan herds differ
according to specific rangelands and the
suitability of the landscape for different
animals. Herd compositions within a geo-
graphic area can also differ with Govern-
ment policies, herders’ skills and livestock
preferences, and availability of labour.
Traditionally, extensive grazing manage-
ment was adapted to the local conditions,
and livestock were regularly moved
between pastures to maintain rangeland
condition and animal productivity. Graz-
ing lands were divided into seasonal
pastures and grazed according to manage-
rial and production objectives. Pastoral-
ists’ movements were well prescribed by
complex social organizations and were
highly regulated. Mobility is still vital for
most herders, although with escalating
seftlement, livestock mobility is being cur-
tailed. The traditional system was design-
ed around the seasonal movement of lives-
tock with herds using forage in summer
and reserved forage areas for autumn and
early winter to prepare animals for the
long winter. Today’s survival of numerous,
prosperous groups of Tibetan pastoralists
testifies to their extraordinary indigenous
knowledge, resourcefulness, and animal
husbandry skills. During the last few deca-
des, troggtional livestock and grazin
management systems have been altered,
and they are continuing to change today.

Transformation of traditional
pastoral production systems

The profound changes of land tenure that
occurred during recent decades transform-
ed traditional land use, altered grazing
land conditions, and disrupted the lives of
pastoralists. Often these political, social,
economic, and ecological transformations
altered previously stable relationships
between pastoralists and grazing |c1ndps.
For example, in the mid-1980s, winter

razing lands were allocated to house-
ﬁolds, and winter pastures were fenced.
This began in areas near Qinghai Lake,
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but quickly spread to herding areas in
Gansu and Sichuan Provinces. Exclusive
rights to specific grazing lands for herding
households can now be inherited, but not
bought or sold. There is no mechanism yet
in p?oce for the readjustment of grazin
land to individual families when livestoc
numbers fluctuate.

In the Tibetan Autonomous Region, range-
lands are being allocated to groups of
herders rather tﬁqn to households. Expla-
nation for the difference in the privatisation
process in Tibet is that rangelands there
are not as productive and expenses for
fencing individual properties would be
prohibitive. A recent development on the
steppe is that summer grazing lands are
also being privatised and fenced, except
again in ﬁwe Tibetan Autonomous Region
where they are being allocated to groups
instead of household%. These activities are
being undertaken on a large scale in
almost all pastoral areas of Qinghai,
Gansu, and Sichuan Provinces with subs-
tantial Government and donor investment.
Great attention is being given to seftling of
herders, even in Tibet.

The heavy livestock losses experienced on
the Tibetan steppe in recent years has
convinced many authorities that trans-
humant pastoralism needs to be restructur-
ed. Programs to settle herders, privatise
and fence pasture, and develop fodder for
winter are seen as ways fo prevent losses
in severe winters and control what is per-
ceived as widespread pasture degrad-
ation. While some of these interventions
have merit, such as the growing of annual
forage for hay, the longterm ecological
implications o?/privotising rangeland and
reducing the spatial movement of herds
have received litfle analysis [56]. The
socioeconomic and landtenure ramifica-
tions of herders being settled on defined
properties have also not been examined.
Foggin and Smith [57] suggested that
summer-autumn pastures may be uninten-
tionally degraded further as artificially
high winter livestock populations are for-
ced to graze on reduced areas of summer-
autumn pasture.

Discussion

Pastoral livestock production systems on
the Tibetan steppe exist within the larger
context of pastoral ecosystems in a cold
temperate zone. The perception of how
parficular ecological  systems operate
determines the approaches that are advo-
cated in attempting to modify or manipu-
late ecosystems to improve sustainobiﬁty
of ecosystem useJ58]. Until recently, eco-
systems occupied by pastoralists were
generally thought to function as “equili-
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brium systems”, which were regulated b
animal  density-dependent  feedbac
controls that pastoralists often override to
the detriment of themselves and the ecosys-
tems in which they operate. Today it is
thought that many ecosystems occupied by
pastoral production systems are “non-
equilibrium systems”, wKich are controlled
by external mechanisms and are not sub-
ject to feedback control mechanisms from
within the system. However, Tibetan
steppe ecosystems dominated by alpine
meadow, alpine steppe, and temperate
mountain meadow  vegetation  types
appear to be more equilibrium than non-
equilibrium systems, as evidenced by the
impact of pika and overgrazing in moving
these systems to a different “steady state,”
(i.e., Kobresia turf communities degrading
to black beach). Efforts to re-establish natur-
al communities in these vegetation types
have generally been unsuccessful. As stoc-
king rate increases, either through continu-
ed degradation of ecosystem productivity
or by increasing animal numbers,
restoring ecosystems of the Tibetan steppe
to a higher productive state will have even
a lower probability of success.

It should be noted that traditional livestock
use of the Tibetan steppe has been similar
to a naturally functioning wild herbivore
system. One difference between a wild
herbivore system and steppe livestock pro-
duction systems is the layer of control and
management exerted by the herder on
domesticated herbivores. Control and
management are necessary fo ensure
human livelihoods on the steppe and were
instituted in response to current or future
impending environmental constraints to
mitigate the potential negative impacts on
livestock directly and on the pastoralist’s
livelihood indirectly. Despite the applica-
tion of control and management interven-
tions, the system is still subject to the same
set of environmental constraints as wild
herbivores. Although long-distance migra-
tions that mimicked naturally functioning
wild  herbivore movements between
seasonal pastures continue on the Tibetan
steppe, this important factor of production
and household sustainability is declining
rapidly as herders become more seden-
tary.

Herding families are becoming settled not
only as a result of Government policies
designed to promote privatisation of pro-
duction resources, but also because over-
population and overuse of natural resour-
ces are causing fundamental social and
economic changes among the herding
households themselves. Among these fac-
tors, the decline of natural resources capa-
city to support animal production is the
major stress on cultural and social identity
of Tibetan animal production households.

With attempts to transform pastoral live-
stock production towards a market eco-
nomy, increased livestock offtake has
often been the goal. This has been promot-
ed through privatisation of herds and land,
seftling of herders, production of rainfed
forage, and introduction of less mobile,
intensive grazing management. While
many of these interventions have impro-
ved the delivery of social services, in many
instances they have conflicted with the
goal of maintaining grassland health and
stability because they limited the critical
factor of mobility [8, 59]. Movements
between seasonal pastures are being
reduced or eliminated, herd composition
is being restructured along commercial
lines, and herders are being compelled to
become livestock farmers. The environ-
ment and the pastoral cultures are under
threat where mobility has been eliminated
or substantially reduced [60, 61 ]F

There is growing appreciation of the com-
plexity and ecological and economic effi-
cacy of traditional pastoralism [62].
When analysing transhumant pastoral
F)roduction on the Tibetan steppe, one is
aced with problems of two production
strategies. First, there is the strategy involv-
inﬁ the traditional indigenous  system,
which can be seen as an evolutionary
response to a complex suite of environ-
mental pressures. This strategy represents
a pattern of survival that E1105 evolved
through time and continues to exist today.
Second, there is the new strategy for surviv-
al that focuses on balancing economic
and ecological sustainability, based on
technical rationale brought in from the
outside. However, this latter strategy has
not been fully accepted into the existing
socioeconomic structure on the steppe and
has not been subjected to the test of time.
Combining traditional pastoral strategies
with sustainable strategies in today’s
context will critically hinge on the success-
ful incorporation of indigenous knowledge
from pastoralists. New production systems
on the steppe will only be successful when
pastoralists’ needs and desires are heard,
and their indigenous knowledge incorpor-
ated info the design of new strotegiescl%&
64]. Herders must be empowered to
manage their own development.

Conclusion

Rangeland ecosystems on the Tibetan
steppe are complex, not only in the ways
that physical forces shape the landscape,
but also in the ways that socioeconomic,
political, and institutional forces interact
and impact the people who use the range-
land resources. The people who use the
steppe rangelands live in a multifaceted

149



environment of physical, financial, social,
educational, institutional, and regulatory
forces that influence their actions. Sustain-
able pastoral development requires an
examination of all the forces that affect the
pastoralists who use the rangelands.
However, despite the extent and impor-
tance of rangelands on the Tibetan steppe,
rangeland ecosystem dynamics there are
still poorly understood and sound scientific
data on ecological processes on the
steppe rangelands are limited. Many
questions concerning how rangeland
vegetation on the steppe functions, the
effect of both domestic and wild herbi-
vores on pastoral systems, and the socioe-
conomic dimensions of pastoral produc-
tion on the steppe remain unanswered.
This lack of information limits the proper
management and sustainable develop-
ment of steppe rangelands. A better
understanding of current nomadic pastoral
practices and how they are changing and
adapting to the influences of moderniza-
tion is critically needed.
The Tibetan steppe and the people who
live there are in transition from a known
past to an unknown future. Drastic politic-
al, economic, and social changes have
occurred on the Tibetan steppe during the
last halfcentury. Despite these changes,
livestock production on the Tibetan steppe
still critically depends on standing crop of
forage to support livestock production acti-
vities  throughout annual  production
cycles. Thus, animal access to standing
crop is a key element of forage-based
livestock production systems on the
steppe. However, ensuring livestock
access to standing crop of forage is becom-
ing increasingly difficult as deteriorating
rangeland conditions decrease amount
and quality of standing crop. Livestock
production by households throughout the
Tibetan steppe is increasing in complexity
as the production system is forced to res-
pond to new paradigms. An incomplete
understanding of how to respond to new
aradigms s offectini interactions
Eetween humans, livestock, and product-
ion resources throughout the livestock pro-
duction system. If livestock production is to
remain an economically viable and envi-
ronmentally sustainable enterprise on the
Tibetan steppe, an accurate and realistic
understanding of livestock production inte-
ractions on the steppe is critical in effect-
ively adapting livestock production to new
paradigms.
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