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Abstract
Traditional theories posit that the extreme climatic environment of the Qinghai-
Tibet Plateau has endowed regional ecosystems with inherent sensitivity and
vulnerability, rendering them a global challenge for ecosystem management,
conservation, and restoration. In the 1970s, the Northwest Institute of Plateau
Biology, Chinese Academy of Sciences, established the Haibei Alpine Meadow
Ecosystem Research Station. Long-term monitoring of ecosystem components
has revealed the biological mechanisms of alpine grassland responses to cli-
mate change on the Qinghai-Tibet Plateau; elucidated successional processes
of alpine grassland degradation under grazing disturbance; clarified biological
mechanisms for maintaining alpine grassland stability; proposed an adaptive
management model for alpine grasslands based on ecological process science;
and initiated explorations into ecohydrological processes in alpine grasslands.
This research station has pioneered fundamental theoretical research in applied
ecology of alpine grasslands, providing technical support for regional sustainable
development.

Full Text
Preamble
The traditional theory holds that the extreme climatic environment of the
Qinghai-Tibet Plateau has created inherent sensitivity and vulnerability in re-
gional ecosystems, making their management, maintenance, and restoration a
worldwide challenge. In the 1970s, the Northwest Institute of Plateau Biology
of the Chinese Academy of Sciences established the Haibei Research Station
of Alpine Meadow Ecosystem. Long-term monitoring of ecosystem components
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has revealed the biological mechanisms underlying alpine grassland responses to
climate change on the Qinghai-Tibet Plateau, elucidated the successional pro-
cesses of alpine grassland degradation under grazing disturbance, clarified the
biological mechanisms for maintaining alpine grassland stability, proposed an
adaptive management model for alpine grasslands based on ecological process
science, and initiated exploration of ecohydrological processes in alpine grass-
lands. This research station has led fundamental research in applied ecology of
alpine grasslands and provided technical support for regional sustainable devel-
opment.

Keywords: alpine grassland, long-term evolution, stability maintenance, adap-
tive management, function enhancement
DOI: 10.16418/j.issn.1000-3045.2018.10.013

Alpine grassland is the dominant vegetation type on the Qinghai-Tibet Plateau,
serving production, livelihood, and ecological functions. Since the 1970s, strong
influences from climate change and human management concepts and practices
have led to overuse of the productive functions of alpine grasslands, causing
ecosystem stability to fluctuate, become imbalanced, or even collapse, resulting
in large-scale grassland degradation. The Party and state have attached great
importance to the ecological functions of the Qinghai-Tibet Plateau. Since the
21st century, the government has invested heavily in implementing the Three-
River-Source grazing withdrawal and grassland restoration project, the Three-
River-Source National Park construction, and the Qilian Mountains National
Park pilot program to achieve benign restoration of alpine grassland functions
and comprehensive regional ecological governance. For over 40 years, the Haibei
Research Station (hereinafter referred to as “Haibei Station”) has conducted
research on the structure and function of alpine grasslands and their inter-
nal material exchange and energy flow, grassland productivity enhancement,
alpine grassland responses and adaptation to climate change, carrying capac-
ity of representative alpine grassland ecosystems, environmental-biological-soil-
functional linkage mechanisms of alpine grassland evolution, adaptive zoning
management techniques based on ecological processes, and research, develop-
ment, and demonstration of key technologies for enhancing functions of typical
damaged ecosystems. These efforts have contributed to safeguarding the eco-
logical barrier function of the Qinghai-Tibet Plateau and promoting regional
sustainable development.

1. Vegetation Types and Community Characteristics
By analyzing ecosystem structure, productivity allocation, and population re-
production patterns in alpine grasslands, Haibei Station pioneered biological re-
search on alpine grasslands, filling research gaps on the Qinghai-Tibet Plateau
and accumulating substantial scientifically valuable data that has provided im-
portant guidance for studies on alpine grassland ecological processes.

Since the 1960s, driven by the International Biological Program (IBP) and the
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Man and the Biosphere (MAB) program, long-term research stations for var-
ious ecosystem types have been established worldwide. During the first 10+
years after its establishment, Haibei Station focused on the distribution charac-
teristics, community structure, reproductive traits, and productivity of typical
alpine grassland plant populations, providing foundational data for understand-
ing alpine grassland ecosystems. Research has revealed that soil moisture condi-
tions are the primary factor determining plant population distribution in alpine
meadows, with distinct characteristics among different community types:

(1) Kobresia humilis meadows, one of the most widely distributed grass-
land types on the Qinghai-Tibet Plateau, feature relatively complex community
structure with rich species composition of approximately 30 species/m2 and total
coverage around 85%. These meadows are primarily distributed on well-drained
floodplains, foothills, and semi-shaded slopes. The community structure can be
divided into two layers, with major companion species including Stipa aliena,
Elymus nutans, Poa spp., Gentiana straminea, Leontopodium nanum, Potentilla
nivea, Oxytropis kansuensis, Potentilla anserina, Gueldenstaedtia diversifolia,
Pedicularis kansuensis, Carex spp., and various Ranunculus spp. Kobresia hu-
milis is a cold mesophytic short-rhizome geophyte, 3–10 cm tall, with an aver-
age aboveground/belowground biomass ratio of 0.43 during the growing season.
Its total reproductive effectiveness averages 49.63% across the life cycle, with
sexual reproduction averaging 3.44% and vegetative reproduction 46.58%, ap-
proximately 14 times higher than sexual reproduction. The soil water potential
niche width of K. humilis populations is 0.574 MPa.

(2) Kobresia pygmaea meadows have simple structure with fewer species,
about 10 species/m2. Common companion species include Stipa aliena, Saus-
surea superba, Elymus nutans, Leontopodium nanum, Gentiana straminea, Po-
tentilla nivea, Potentilla bifurca, Thalictrum alpinum, and Trigonella ruthenica.
The layer structure is not obvious, with only one layer and total coverage above
80%, mainly distributed on sunny and semi-sunny slopes. Kobresia pygmaea is a
cold xeromesophytic short-rhizome geophyte with dwarf plants 3–5 cm tall that
grow densely and easily form a compact turf layer. During the growing season,
the average aboveground/belowground biomass ratio is 0.66, and total repro-
ductive effectiveness averages 39.67%, with vegetative reproduction at 36.10%
and sexual reproduction at 4.11%, making vegetative reproduction more than 8
times higher than sexual reproduction. The soil water potential niche width is
0.283 MPa.

(3) Kobresia tibetica swamp meadows are composed of hygromesophytic
perennial herbs with relatively complex community structure, generally having
two layers and fewer than 10 species/m2. Companion species include Blysmus
sinocompressus, Carex atrofusca, Carex moorcroftii, Saussurea stella, Aster
diplostephioides, and Gentiana farreri. The average herb layer height is 15–25
cm with total coverage of 90–95%. The average aboveground/belowground
biomass ratio is 1.49 during the growing season, mainly distributed in relatively
wet low terraces and floodplains along river valleys. Average reproductive
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effectiveness across the life cycle is 22.39%, with vegetative reproduction at
19.46% (82.87% of total) and sexual reproduction at only 2.93%. The soil water
potential niche width is 0.267 MPa.

(4) Elymus nutans communities have more complex structure than Ko-
bresia meadows with richer species composition and total coverage of 60–80%.
Elymus nutans plants are 20–60 cm tall with leaf layer height around 15 cm,
generally occupying the upper layer, while residual Kobresia species occupy the
lower layer. Other companion species include Polygonum sibiricum, Potentilla
anserina, Potentilla bifurca, Ajania tenuifolia, Pedicularis kansuensis, Poten-
tilla nivea, Swertia przewalskii, and Ranunculus pulchellus. The aboveground
biomass far exceeds belowground parts, with an average ratio of 3.67. Vege-
tative and sexual reproductive effectiveness are similar, averaging 16.25% and
15.76% respectively, with a ratio of only 1.03. The soil water potential niche
width is 0.633 MPa, suitable for relatively warm, sunny valley terraces, foothills,
and loose-soil floodplains. These are secondary vegetation types that appear fre-
quently in rodent-damaged areas within Kobresia meadows where soil is loose,
moisture is moderate, and aeration is good.

2. Degradation Processes and Mechanisms
Typical alpine meadows generally have a two-layer community structure with
grasses in the upper layer. Under heavy grazing, selective herbivory suppresses
seed reproduction, altering community configuration and reproductive strate-
gies. Grasses decrease while rhizomatous Kobresia species become dominant.
Rapid and excessive root development increases root-soil and root-shoot ratios,
accelerating the extreme development of surface soil biological crusts and turf
layers. This reduces soil water infiltration rates and causes biological fixation
of limited nutrients by roots, driving alpine meadow degradation through suc-
cessive stages: grass-Kobresia humilis communities, K. humilis communities,
K. pygmaea communities, and forbs-secondary bare land. The fundamental
cause of ultimate K. humilis degradation is the warming-drying of the root
environment and imbalanced nutrient supply-demand dynamics. The extreme
thickening, cracking, and erosion of the turf layer in K. pygmaea meadows cre-
ate large-scale erosion pits or forbs-“black soil type” secondary bare land, the
main landscape feature of alpine meadow degradation, occupying about 60% of
alpine meadow area. Because the turf layer prevents water infiltration, large
numbers of K. pygmaea die, followed by turf layer erosion, eventually evolving
into “forbs-secondary bare land” [Figure 1: see original paper].

Rodent activity and burrowing represent accompanying manifestations of grass-
land degradation, occurring explosively only when grasslands have degraded to
a certain extent. Intensified rodent activity accelerates decomposition of aged
turf layers and increases mineralization rates of soil organic matter. Available
nitrogen, phosphorus, and potassium in rodent mound soils increase by 54.81%,
49.18%, and 7.2% respectively compared to native grasslands, creating favor-
able conditions for vegetation regeneration. Rodent mounds become excellent
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substrates for vegetation recovery, suggesting that rodent outbreaks may be a
mechanism for self-regulation or restoration of grassland stability under natural
conditions, with rodents acting as engineers of degraded grassland regeneration.
This research demonstrates that changes in system components during alpine
meadow degradation are mutually causal, with different driving forces, mech-
anisms, and stability maintenance bottlenecks at various successional stages.
Adaptive management based on grassland ecological processes is key to sustain-
able alpine grassland use and provides theoretical support for adaptive manage-
ment.

This research pioneered process-based studies of alpine grasslands, accumulating
substantial baseline data that remains highly relevant for current research on
alpine grasslands and global change, alpine grassland evolution under human
disturbance, and adaptive management and function enhancement techniques
for grazed alpine grasslands.

3. Climate Change Impacts and Stability Maintenance
Through long-term monitoring and simulation experiments, we discovered that
alpine grasslands employ a regulatory strategy of passively selecting suitable eco-
logical evolutionary pathways by altering community structure, which reduces
the overall stress response of the ecosystem to external disturbances and ensures
system stability.

The Qinghai-Tibet Plateau is experiencing climate change characterized pri-
marily by warming. Since 2000, Haibei Station has established long-term exper-
iments including simulated warming-grazing, simulated hydrothermal changes
[Figure 2: see original paper], vertical belt (3,200–3,800 m) reciprocal transplan-
tation, alpine wetland desiccation, and nutrient addition. These experiments
have revealed special biological mechanisms by which alpine grasslands respond
to environmental changes and ecological processes for maintaining system sta-
bility.

Continuous 32-year meteorological observations at Haibei Station show that
from 1980–2014, temperature increased at a rate of 0.42°C/10 a (p < 0.001)
while precipitation decreased at –32.9 mm/10 a (p = 0.10). Soil water content
also showed a linear decline, with average soil moisture at 5 cm and 45 cm
depths during the growing season decreasing from 42.7% ± 5.9% and 44.2% ±
2.4% in 2002–2003 to 24.9% ± 3.8% and 31.9% ± 10.5% in 2009, representing
decreases of 17.8 and 12.3 percentage points respectively.

Grassland productivity monitoring indicates that aboveground net primary pro-
ductivity (ANPP) of alpine meadows and gross primary productivity of alpine
shrublands are 164.10 ± 4.27 g C m−2 a−1 and 511.8 ± 11.3 g C m−2 a−1 re-
spectively, with interannual variation of 2–5%, demonstrating high stability in
grassland productivity under climate change. Eddy covariance measurements
also show that alpine Kobresia meadows and alpine shrub meadows exhibit weak
carbon sink characteristics of 113.65 ± 93.33 g C m−2 a−1 and –74.4 ± 12.7 g C
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m−2 a−1 respectively, values comparable to aboveground primary productivity.
Under grazing conditions, this carbon returns to the atmosphere through food
chain transfer, resulting in essentially balanced ecosystem carbon budgets.

The Qinghai-Tibet Plateau alpine grasslands possess enormous carbon storage
capacity, with total grassland area of 1.6 million km2 and total carbon stor-
age of 26.47 Pg C, accounting for 5.1% of China’s vegetation carbon storage
and 24.3% of soil carbon storage. Alpine grasslands have substantial carbon
sequestration potential derived from vegetation-soil carbon pool reconstruction
through degraded grassland restoration. Implementation of grazing withdrawal
and cropland conversion to grassland in northern China has sequestered soil
organic carbon at rates of 130.4 g C m−2 a−1 (0–40 cm) and 128.0 g C m−2 a−1

(0–30 cm). However, due to the harsh climate, fragile and sensitive ecosystems,
and intensive human disturbance on the Qinghai-Tibet Plateau, realizing this
carbon sequestration potential will be a long and difficult process.

Although hydrothermal changes do not affect grassland primary productivity,
they alter biodiversity and community structure, causing a shift in dominant
plant populations from surface-rooted sedges to deep-rooted grasses. The root-
shoot ratio decreases as deep-rooted grasses increase and shallow-rooted sedges
decrease, a pattern confirmed across the entire plateau by meta-analysis [Fig-
ure 3: see original paper]. Grazing experiments also show that with increasing
grazing intensity, plant community functional group composition changes, en-
hancing the capacity to acquire deep soil moisture and ensuring grassland system
stability.

Vertical belt reciprocal transplantation experiments demonstrate that warming
advances three early phenological events (green-up, budding, and initial flower-
ing) and two late events (initial yellowing and withering) by 4.8–8.2 days/°C
and 3.2–7.1 days/°C respectively, while cooling delays early phenology by 3.8–
6.9 days/°C and advances late phenology by 3.2–8.1 days/°C. Initial and fi-
nal fruiting stages show relatively minor changes to maximize fruit maturation
and dispersal, maintaining relatively stable fruiting periods to adapt to climate
change.

Metagenomic analysis shows that wetland desiccation and nitrogen deposition
reduce CH4 production potential, thereby decreasing net CH4 emissions, while
reducing nitrification potential and increasing denitrification potential, collec-
tively affecting N2O emissions. Integrating responses of CO2, N2O, and CH4
to desiccation reveals that both water table decline and nitrogen input reduce
the global warming potential of greenhouse gas emissions from alpine wetlands.
Contrary to conventional wisdom that wetland water table decline enhances soil
phenol oxidase activity to promote organic carbon degradation, we found that
as water tables drop, ferrous iron conversion to iron oxides protects more lignin,
and the “iron gate” effect centered on ferrous iron oxidation inhibits wetland
carbon loss. This microbial and soil chemical mechanism provides new insights
for explaining and predicting soil carbon dynamics during wetland drying.
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Alpine environments favor soil organic matter accumulation, creating grasslands
with “abundant total nutrients but deficient available nutrients.” Alpine plants
primarily utilize nitrogen in the form of NO3

−, and alpine grassland nitrogen cy-
cling is dominated by nitrification, contributing 54% of system N2O emissions.
Freeze-thaw cycles physically tear and fragment dead plant roots. Soil micro-
bial groups are controlled by aboveground biomass, soil C/N ratio, and NH4

+-N
content. Livestock excrement alters soil C/N ratios, promotes increases in N
mineralization and nitrification genes while decreasing denitrification genes, and
reduces methane, carbon sequestration, and decomposition genes due to above-
ground litter removal, accelerating grassland biogeochemical cycling and playing
a positive role in maintaining nutrient balance.

4. Water Cycling and Grazing Adaptation
Annual evapotranspiration from alpine grassland ecosystems at Haibei Station is
598.0 mm/a, with precipitation of 472.8 mm/a. Vegetation transpiration dom-
inates evapotranspiration at 66.4%, primarily controlled by net atmospheric
radiation. The “unidirectional” formation of frozen soil causes deep soil mois-
ture to migrate upward as vapor, accumulating at the surface and storing as
ice, with vapor migration contributing about 11% of water to seasonal frozen
soil formation. Spring “bidirectional” thawing of frozen soil meets the water
demand for grass green-up during “spring drought,” improving water use effi-
ciency. Seasonal frozen soil plays a special role in alpine grassland water cycling.

Under heavy grazing disturbance, dominant plant populations undergo morpho-
logical evolution toward dwarfing, fine-felting, and turf formation to increase her-
bivory difficulty and enhance self-recovery capacity through root redundancy.
Although both temperature increase and precipitation reduction significantly
reduce plant species diversity and community stability, temperature primarily
affects stability by reducing asynchrony in species growth, while precipitation
pattern changes have no significant effect on community stability. Reduced com-
munity stability is not significantly related to species diversity. Grazing alters
community structure and diversity by changing forage reproductive strategies.

Alpine meadows show strong adaptability to grazing. Monitoring of plant com-
munity productivity in Kobresia meadows at different successional stages under
the same environmental conditions shows that interannual variation contributes
9.2% to productivity variation, spatial heterogeneity 7.2%, while grazing distur-
bance intensity contributes 83.6%. Under future global warming, alpine meadow
ANPP will not be limited by soil nutrients nor cause changes in soil carbon stor-
age, and moderate grazing benefits ecosystem carbon turnover.

Research demonstrates that alpine grassland ecosystem components improve ma-
terial and energy cycling pathways, select suitable plant community structural
characteristics for environmental conditions, and passively form perfect combi-
nations with environmental conditions, greatly increasing system resistance and
self-recovery capacity. Heavy grazing rather than climate change is the main
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factor causing alpine grassland degradation, with current human pressure far ex-
ceeding the grassland self-regulation threshold, representing the primary cause
of degradation.

5. Grazing Management and Livestock Optimization
Since the 1970s, Haibei Station has studied alpine grassland carrying capacity.
Research shows alpine meadow productivity is moderate, requiring 0.68–1.54 ha
per sheep unit (average 1.11 ha). Using the conversion coefficient applicable to
pastoral China (one cattle unit equals 3.0 sheep units), each cattle unit requires
2.04–4.62 ha (average 3.33 ha). The suitable stocking rate for alpine meadow
grassland (winter pasture) is 3.12 sheep units/ha (equivalent to 5 mu/sheep
unit), and for alpine Dasiphora fruticosa shrub summer pasture is 2.67 sheep
units/ha (equivalent to 6 mu/sheep unit). Using rotational grazing and ap-
propriately extending summer pasture grazing time can increase the regional
average stocking rate (9.29 mu/sheep unit) by 35%.

Alpine regions have harsh natural conditions with short warm seasons. The
grass growing season is only 100–150 days with low forage yield, while the cold
season is long with a withered grass period lasting up to 7 months, resulting
in scarce forage storage. Traditional livestock population structures are unrea-
sonable with imbalanced livestock species ratios. Sheep herds typically have a
breeding stock ratio around 40%, and yaks around 35%. Sheep are generally
raised to over 5 years old (ewes 6–7 years), and yaks to 8 years (cows 8–9 years),
with large proportions of aged animals severely affecting reproduction, culling,
and commercial rates. The “summer-full, autumn-fat, winter-thin” cycle wastes
substantial forage and reduces material and energy conversion efficiency. Dur-
ing the cold season, a 3–4-year-old ewe consumes 9.24$×10^{9}$ J of energy
annually but deposits only 2.24$×10^{8}$ J, representing an average conversion
efficiency of 2.4%, merely 15.34% of warm-season efficiency. For maintenance,
sheep consume 4.31$×10^{8}$ J of body energy, equivalent to 2.64$×10^{9}$ J
of intake energy. Each hectare of grassland in Kobresia meadow areas provides
2.29$×10^{10}$ J of energy for livestock, while energy loss per sheep during the
cold season equals the energy provided by 0.12 ha of grassland, causing forage
waste.

Addressing this situation, Haibei Station studied rational livestock population
structures and measures for alpine pastoral areas. The recommended culling
plan involves removing all wether lambs, old and weak sheep each autumn, plus
3.17% of adult ewes. This approach increases the culling rate to 52.79%, yielding
4.9$×10^{4}$ J of energy or 3.65 kg live weight of sheep products per 100 kg of
forage consumed. For Tibetan sheep, the optimal structure is 67.8% breeding
ewes, 28.36% replacement ewes, and 3.84% breeding rams and replacement rams,
a structure now recognized by herders in the Qilian Mountains.

Due to seasonal imbalance between forage production and livestock nutritional
needs in alpine pastoral areas, material and energy conversion efficiency is re-
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duced and substantial forage resources are wasted. Yak fattening in winter warm
sheds is a primary measure to resolve the forage-livestock contradiction and
seasonal imbalance while maintaining sustainable grassland animal husbandry.
Research shows that using a feed formula of 35% oat hay, 20% rapeseed cake,
and 41% highland barley for complete stall-feeding in warm sheds during winter
increases absolute and relative weight gain by 31.44% and 26.59% respectively
compared to free grazing, thereby increasing yak culling rates and forage uti-
lization efficiency. Considering both economic and ecological benefits, fattening
yaks during July–September annually yields good results when forage utiliza-
tion is 50%. For maximum grassland utilization, grazing fattening of yak calves
on artificial grasslands is optimal before September 15, while natural grassland
grazing fattening is best before the end of October. In Tibetan sheep produc-
tion areas with winter lambing, slaughtering sheep at 22 months yields higher
economic benefits, with carcass weights reaching over 30 kg.

The unique climate of the Qinghai-Tibet Plateau causes countless livestock
deaths during the long cold season, creating serious economic losses. Building
plastic warm sheds to improve sheep wintering conditions is highly practical for
developing pastoral economies. During the cold season (December–March), aver-
age temperature inside sheds (–4.41°C) is 7.36°C higher than outside (–11.76°C),
increasing lamb survival rates to over 95% while reducing energy consumption
of breeding ewes during winter. This technology has been widely applied and
promoted in alpine regions of the Qinghai-Tibet Plateau, receiving high atten-
tion from herders and local governments as a major component of pastoral area
infrastructure projects.

6. Restoration Techniques and Demonstration
Based on long-term observations of alpine meadow degradation processes and
mechanisms on the plateau surface, Haibei Station proposed local standards
for assessing alpine meadow degradation status and conducted research on
“household-scale alpine grassland function enhancement technology integration
and demonstration.” Results show that grasses are grazing-suppressed func-
tional groups while sedges are grazing-promoted functional groups, requiring
different grazing methods including delayed grazing during critical periods, ro-
tational grazing, reduced grazing, or rest grazing. Overgrazing during the green-
up period causes rapid consumption of stored plant nutrients, hindering photo-
synthate expansion and forage biomass increase; continuous overgrazing during
seed maturity causes reproductive barriers in seed plants and leads to dominant
population succession. Grazing during the non-growing season has minimal im-
pact, with appropriate grazing intensity being “eat half, leave half.” Yaks’ coarse
feeding behavior, high trampling intensity, and strong aboveground biomass
removal capacity alter the environment of grassland soil biological crusts, ac-
celerating the development, dormancy, and death of algal and lichen crusts.
For grasslands with thick turf layers and dense biological soil crusts, artificial
turf cutting can improve seed germination and establishment, increase precipi-
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tation infiltration, and provide suitable habitats for forage growth. Long-term
grassland enclosure causes large accumulation of surface litter, severely affecting
growth of seed-reproducing forages and understory grasses, and can also lead
to grassland degradation. The appropriate enclosure period depends on the
successional stage.

From perspectives of nutrient cycling, water use, and seed dispersal, natural
alpine grasslands should adopt a grazing system of “delayed spring grazing,
nomadic summer grazing, rotational autumn grazing, and free winter grazing”
to ensure sustainable use. However, due to limited grassland area in household
ranches and high dependence on grasslands, this system is difficult to implement.
Based on grassland successional status and functional bottlenecks, rotational
grazing during key growth stages is more acceptable to herders.

Nutrient regulation can serve as a means to control plant functional groups.
Although alpine grassland plants have the highest global levels of nitrogen and
phosphorus reuse efficiency at 65.2% and 67.4% respectively, sedge species have
the lowest living tissue N and P contents (16.7 mg・g−1 and 1.1 mg・g−1) but the
highest reuse efficiencies (69.1% and 78.7%). Grazing causes rapid declines in
surface soil nutrient content, with nitrogen limitation on forage growth becoming
particularly evident with increasing grazing intensity.

Grasses are nitrogen-loving crops with high nitrogen demand. Exogenous nitro-
gen supplementation effectively increases grass proportion and biomass, while
Kobresia species respond slowly to nitrogen addition. Forage nutrient demand is
constrained not only by nutrient content but also by nutrient ratios and forms.
Exogenous nutrient addition changes surface nutrient status, alters species rich-
ness at the community level, causes fluctuations in aboveground productivity,
and even changes surface soil enzyme activities, affecting grassland biogeochem-
ical self-regulation.

Heavy grazing is the dominant factor causing degradation of grassland produc-
tion functions, and grazing system adjustment is the most effective measure
for enhancing grassland function. Haibei Station research shows that grazing
system selection depends on the sensitivity intensity and survival strategies of
dominant functional groups to grazing pressure. Restoration measures include:
reduced grazing for grass-Kobresia humilis communities; rotational-rest grazing
for K. humilis and K. humilis + K. pygmaea mosaic communities; rest graz-
ing for K. pygmaea communities; and artificial reconstruction for forbs-“black
soil type” degraded grasslands. Changing livestock composition (cattle to sheep)
can effectively restore degraded Kobresia grasslands. Reduced grazing promotes
grass and legume growth, significantly increasing grass relative coverage and
biomass while suppressing sedges and forbs. Compared to free grazing, graz-
ing prohibition increases vegetation coverage and biomass by 43.4% and 39.6%
respectively, substantially enhancing grassland function after just 2 years and
representing a highly effective management measure.

Based on these adaptive management research results, Haibei Station conducted
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household-scale alpine grassland function enhancement technology demonstra-
tions in the Qilian Mountains, training over 300 herders in topics including
degradation characteristics, grazing techniques for different successional states,
and degraded grassland restoration and reconstruction. Field diagnostics were
performed on six herder families’ grasslands, with on-site guidance on livestock
types and rotational grazing methods for different degradation states, achieving
good results and herder recognition [Figure 4: see original paper].

Using degraded grassland restoration techniques, Haibei Station studied mining
impacts on grassland ecology, productivity, surface water transmission, and slag
heap vegetation restoration in the Qilian Mountains Muli mining area. Through
experimental demonstration and comprehensive consideration of restoration ef-
fects, costs, and secondary environmental damage, “leveling and direct seeding”
was selected as the optimal method for vegetation restoration of damaged land,
reducing restoration costs by approximately 28,000 yuan/mu compared to the
government-promoted “soil covering” method and providing guidance for eco-
logical management in Qilian Mountains mining areas [Figure 5: see original
paper].

7. Future Directions for National Park System Construc-
tion
The Qilian Mountains are an important ecological security barrier in western
China, a major water source area for the Yellow River basin, and a priority biodi-
versity conservation region. Grazing is the primary land use in the Qilian Moun-
tains’ natural grassland ecosystems. However, constrained by the plateau’s cold
climate, forage has a short growing season, grassland productivity is low, ecosys-
tems are fragile, and self-repair capacity is weak. Grasslands, especially summer
pastures in piedmont areas, have degraded severely under long-term overgraz-
ing, reducing not only production functions but also impacting mountain runoff
and snowmelt transmission, decreasing water conservation functions. The Qil-
ian Mountains are also important coal mining areas for Qinghai and Gansu
provinces, with accelerated resource development since 2000 causing wetland
ecological damage, altered surface water transmission channels, and even river
disappearance.

With the development of the Qilian Mountains National Park system, alpine
grasslands are transitioning from production to ecological functions. Guided
by the ecological civilization concept of “respecting nature, conforming to na-
ture, and protecting nature,” ensuring the authenticity of alpine ecosystems
and achieving harmonious human-nature development has become the future
focus for serving national park system construction and regional sustainable
development.

Haibei Station has conducted fixed-point monitoring and research in the Qilian
Mountains for 40 years, performing multiple regional surveys on the Qinghai-
Tibet Plateau to study ecosystem evolution and spatial differentiation charac-
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teristics, proposing adaptive zoning management strategies based on ecological
processes, and providing baseline data for Qilian Mountains National Park sys-
tem construction. The station has also established a “grazing disturbance exper-
iment” platform at the ecosystem level for alpine Kobresia humilis meadows, a
climate change simulation platform for hydrothermal changes and nutrient addi-
tion, and a small watershed water balance platform. Future research will focus
on biological mechanisms of grassland biological elements’ responses to graz-
ing disturbance, integration of grassland function enhancement and degraded
ecosystem restoration technologies, and providing more accurate data for eco-
logical construction.
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