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Abstract: Implementing conservation actions
on-the-ground is not a straightforward process,
especially when faced with high scientific uncertainty
due to limited available information. This is especially
acute in regions of the world that harbor many unique
species that have not been well studied, such as the
alpine zone of the Hengduan Mountains of Northwest
Yunnan (NWY), a global biodiversity hotspot and site
of The Nature Conservancy’s Yunnan Great Rivers
Project. We conducted a quantitative, but rapid
regional-level assessment of the alpine flora across
NWY to provide a broad-based understanding of local
and regional patterns of the alpine flora, the first
large-scale analysis of alpine biodiversity patterns in
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this region. Multivariate analyses were used to classify
the major plant community types and link community
patterns to habitat variables. Our analysis indicated
that most species had small distributions and/or
small population sizes. Strong patterns emerged with
higher diversity in the more northern mountains, but
beta diversity was high, averaging only 10% among
sites. The ordinations indicated that elevation and
geographic location were the dominant environ-
mental gradients underlying the differences in the
species composition among communities. The high
beta diversity across the alpine of these mountains
implies that conservation strategies ultimately will
require the protection of large numbers of species
over a large geographical area. However, prioritiza-
tion should be given to areas where potential payoffs
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are greatest. Sites with high species richness also have
a greater number of endemic species, and, by focusing
efforts on these sites, conservation investments would
be maximized by protecting the greatest number of
unique species.
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plant community ecology; conservation action;
grazing; Hengduan Mountains; non-metric
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World Heritage Site; Yunnan Great Rivers Project
(YGRP); alpine ecosystems; China

Introduction

With the accelerating loss of species and
habitats throughout the world, the conservation
community is looking for approaches that can
maximize efforts to protect biodiversity. Global
biodiversity hotspots have been identified as one
means to prioritize conservation efforts in an
arguably efficient and cost-effective way that
safeguards the greatest number of species per unit
of conservation area, and presumably, investment
(Olson and Dinerstein 1998, Mittermeier et al.
1999, Myers et al. 2000). However, implementing
conservation actions on-the-ground remains a
challenge for conservation organizations and
natural resource managers (Groves et al. 2000, Ma
et al. 2007). Levels of diversity, viability, endemism,
rare species and threats are not distributed evenly
across large geographic regions, and decisions on
how to prioritize protection efforts within a
biodiversity hotspot is an on-going struggle for
conservation planners. Such issues are particularly
acute when urgent conservation actions are needed,
but basic data on species distributions and
diversity are not available.

The mountains of south-central China have
been identified as a global conservation priority for
plant diversity (Barthlott et al. 1996, Klotzi 1997,
Olson and Dinerstein 1998, Boufford and Dijk 1999,
Myers et al. 2000, CI 2006). Within this hotspot lie
the southern Hengduan Mountains, the focus of a
joint conservation project initiated in 1999 by the
Yunnan Provincial Government and the Nature
Conservancy: the Yunnan Great Rivers Project
(YGRP). Due to the paucity of biodiversity data
from this area and the need for quick action
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because of the rapid pace of development in China,
experts were asked to identify priorities for
conservation investment (YGRPPT 2002, Ma et al.
2007). The entire alpine zone was subsequently
categorized as an important conservation priority
because of its high species richness, endemism,
threats, and value to local communities (YGRP
2001, Xu and Wilkes 2003, Deng and Zhou 2004,
Salick et al. 2004, Baker and Moseley 2007,
Buntaine et al. 2006). However, because the alpine
zone, covering roughly 12 % (8200 km?2) of the
project area, is such a large and widely distributed
habitat type, it was clear that the decision to invest
in on-the-ground action would require additional
information.

To address these needs, TNC-China initiated
the Alpine Ecosystem Project in 2003, a
collaborative effort among community, govern-
ment and research institutions with the long-term
goal of protecting and promoting the sustainable
use of the alpine (TNC 2006). It was recognized
that effective conservation strategies would require
an understanding of the ecology of the alpine, how
local people use and manage this resource, and
how the broader and more ubiquitous threat of
climate change might impact these relationships.
An unique integrated research approach was used
whereby sociologists (Buntaine et al. 2006),
climate change experts (Baker and Moseley 2007,
Baker et al. 2005) and plant ecologists (this study)
spent much of the 2004 field season visiting alpine
sites together to gather complementary data on a
suite of alpine ecosystems across a broad
geographic range. The cumulative results will
provide the basis for selecting critical alpine
habitats across NWY and for designing and
implementing conservation strategies at the site
level and broader regional scale.

The goal of this study was to conduct a
quantitative, but rapid regional-level assessment of
the alpine flora across NWY to provide a
broad-based understanding of local and regional
patterns of the alpine vegetation to help prioritize
conservation efforts across this vast landscape. Our
specific objectives were the following: 1) Determine
how alpine plant species richness and composition
vary across the mountains of NWY; 2) Examine the
relationships  between biotic and abiotic
characteristics with plant species richness and
composition; and 3) Assess the current health and



status of the alpine with regard to human land use.
This is the first large-scale analysis of vegetation
patterns in the alpine ecosystems across the
Hengduan Mountains of NWY, a critical first step
for setting geographic priorities for conservation
actions. The study was designed by researchers and
conservation managers working together to ensure
that a pragmatic but rigorous approach was
employed that would efficiently address urgent
conservation questions.

1 Study Site

This study was conducted in the southern
Hengduan Mountains in the northwestern region
of Yunnan Province in Southwest China. The study
area extended 310 km from north to south (29°00'
~25°30'N) and 180 km from east to west (98°05' ~
100°15'E) bordering the Yunnan-Tibet border in
the north, the Yunnan-Sichuan border in the east,
the Sino-Burma border in the west (Figure 1).
Three major Asian rivers, the upper Yangtze
(Jinsha), Mekong (Lancang) and Salween (Nu),
have carved deep parallel gorges that run north to
south through these high mountain ranges within a
distance of 100 km of each other creating a
spectacular landscape of glaciated peaks rising
from 1000 m in the river valleys to the highest peak
at 6740 m. Across this steep environmental
gradient, life zones range from subtropical in the
canyon bottoms to temperate forests, boreal forests,
arctic-alpine vegetation and permanent ice and
snow. The Indo-Malayan and Palaearctic
biogeographic realms have converged across this
complex and diverse landscape to create this
epicenter of biodiversity that is one of the most
biologically diverse temperate ecosystems on earth
(Mittermeier et al. 1999, Myers et al. 2000). This
unique ecoregion represents one of the world’s 26
hotspots of biodiversity (Mittermeier et al. 1999)
and was recently designated as a World Natural
Heritage Site (http://whc.unesco.org/en/list/10 83).

The prevailing climate is monsoonal with wet
summers and dry winters with most precipitation
falling  between  June and  September
(Bandyopadhyay 1992). There is a general trend of
decreasing precipitation from the southeast to
northwest but patterns vary considerably across
the region with annual precipitation ranging from
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300 ~ 950 mm (OSU-SCAS 2006). The mean
annual temperature above 4100 m is below 0°C
and many of the higher peaks are covered by snow
year round.

The alpine, defined here as the vegetated area
above treeline (Korner 2003), is located generally
between 4000 ~ 5000 m of elevation and
constitutes about 12 % of this mountainous area.
The high elevation alpine has the most diverse
array of plant species in the Meili Mountains as
compared to the lower elevation forest ecosystems,
including many rare and endangered species, a
high number of endemics, and many species
important in traditional Tibetan medicine (Salick
et al. 2004, Xu and Wilkes 2003). In addition to
their high biodiversity value, alpine ecosystems
have important social and economic significance to
local people. The largely Tibetan population of
NWY has grazed livestock, primarily yak, in alpine
meadows for millennia and nomadic pastoralism
continues to be their most important livelihood
today (Wu 1997a, Zhao and Zhou 1999). More
recently, the government has  targeted
underdeveloped western China for economic
expansion as part of their poverty alleviation
program, and NWY currently is experiencing rapid
economic growth (ADB 1999). As a result,
traditional land use systems are changing as
subsistence systems shift to a cash economy.
Market driven changes pose novel threats to the
biodiversity of the region (Xu and Wilkes 2003).

2 Methods

A stratified random sampling design was used
to inventory the vascular plants of the alpine
ecosystems across NWY. The project area was
stratified by geographic location with the major
mountain ranges serving as the primary strata
(Figure 1) with the assumption that the vegetation
would be more similar within a mountain range
than between ranges. Within each stratum, five
1-km2 sample sites were randomly selected using a
1-km2 grid overlaid on a map of the alpine (areas
between 4000 ~ 5000 m) of NWY. To locate a site
on the ground, we identified the village that held
traditional grazing rights to the alpine area of
interest, traveled to the village and hired a local
guide who could lead us to alpine area, and then
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used a GPS to locate the sample site.

Within each 1-km? site, the three major alpine
vegetation community types were sampled: shrub
(woody dominated communities); meadow
(herbaceous-dominated communities with a
developed soil substrate); and scree or talus
(primarily herbaceous vegetation growing on a
loose rock substrate). Two 50-m long transects

Tibet
Autonomous
Region

with ten 1-m2 subplots were located within each
community type at each sampling site for a total of
6 transects per site. A total of 60 m2 was sampled
per site. A standardized sampling approach with
equal sampling effort was employed to allow for the
direct comparison of vegetation attributes among
sites. Field surveys were carried out from June
through mid-October 2005.
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Figure 1 Map showing the location of the Yunnan Great Rivers Project in
northwest Yunnan, China. The diamonds represent the 21 alpine sampling sites,
and the polygons represent the different strata used in the stratified random

sampling design.
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Species presence and foliar cover data for each
vascular plant species (excluding grasses (Poaceae),
sedges (Cyperaceae), and rushes (Juncaceae)) were
quantified in each 1-m2 subplot using nine
vegetation cover classes. All grasses, including
grasses, sedges and rushes, were lumped into one
category and given a percent cover class. Also, the
percentage of bare ground (disturbed, open soil)
and rock (the amount of exposed rock) that covered
each sample plot was recorded using the same
cover classes as for the vegetation, and average
height of the meadow vegetation was recorded in
each subplot as a measure of vegetation structure.
In addition to the vegetation data, environmental
data were collected for each transect including
elevation, slope gradient, aspect, terrain shape
index (McNab 1989) and slope position (ridge top
to valley bottom).

All species were described in the field and
specimens were collected for later identification.
Specimens are housed at the Alpine Botanical
Institute in Zhongdian, Yunnan and were identified
by Fang Zhendong, the Director of the Institute,
and his staff.

The total numbers of species, genera and
families were tallied for each transect and site, and
species richness was compared among and within
community types (shrub, meadow, scree) and
strata (sites as replicates within strata) using a
Kruskall-Wallis test for k independent samples in
S-Plus 6.2.

Multivariate analyses were used to classify the
major plant communities and link community
patterns to environmental and habitat variables.
All multivariate analyses were performed using
PC-ORD 4.0 (McCune and Mefford 1999). The
foliar cover data were aggregated at the transect
level, i.e., cover estimates of species averaged
across the ten 1-m2 plots, for all multivariate
analyses. Rare species, those that occurred in < 2
sample transects, were not included in the analyses.
Cluster analysis was applied to the vegetation data
to combine transects with similar species into
alpine plant community groups (McCune and
Mefford 1999, McCune and Grace 2002).
Non-metric multidimensional scaling (NMS)
(Kruskal 1964, Mather 1976, Clarke 1993) was used
to graphically examine the arrangement of plots
based on species composition in relationship to
measured environmental parameters.
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Jaccard’s coefficient of similarity (J) was used
to measure species overlap between communities
among all sites (210 pairwise comparisons) using
EstimateS software (Colwell 2005).

3 Results

A total of 21 sites and 109 transects consisting
of 31 meadow, 40 shrub, and 38 scree communities
were sampled from seven strata (Figure 1). We
sampled as many sites as possible given time
constraints imposed by the logistics of traveling by
foot to remote sites and sampling time in the field.
Some of the randomly selected sites were not
accessible: there was no water available at the site;
the site was too remote requiring too many days of
travel; or the site was off-limits to foreigners
because it was located on a sacred mountain. Given
these constraints, we attempted to select a suite of
sites across a broad geographic region so as to get a
representative picture of the alpine ecosystems
across NWY. The sites ranged from the eastern
Hongshan Mountain Range in Shangri-la
Conservation area, to the northern Baima Snow
Mountains near the Tibetan border, the Meili Snow
Mountains on the western Tibet-Yunnan border,
and south to the Yunling Mountains and isolated,
island-like peaks of the Laojunshan mountains
(Figure 1; Table 1). The sites are labeled according
to their administrative village names or local
names.

3.1 Species richness

A total of 369 species from 40 families and 116
genera were collected. Uncommon species, those
occurring at only one site, accounted for 38 % of
the total species and those occurring at < 2 sites
accounted for 58 % of the total species encountered
(Figure 2). Species richness varied greatly among
sites (no. species / 60 m2), ranging from 19 to 105
species with an average of 59 species per site (Table
1). Genus richness ranged from 15 to 64 and
averaged 38 genera per site, and family richness
ranged from 12 to 31 and averaged 23 families per
site (Table 1). The majority of species encountered
in this study were endemic to the Hengduan
Mountains (64 %) and 15 % were endemic just to
Northwest Yunnan. The greatest concentration of
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NWY endemics was found in the Baima and the
northern Meili Snow Mountains (27 species), with
21 endemic species in the northeastern mountain
ranges, 13 species in the Yunling and southern
Meili mountains and 10 in the Laojunshan
mountains.

Average species richness per site was
significantly different among the seven sampling
strata (X2 = 13.30, p=0.0371) with richness greatest
in the Baima Snow Mountains and lowest in the
sites of the Laojunshan sites in the south (Figure 3).

Table 1 Summary characteristics of 21 sites sampled in the alpine of the Hengduan Mountains, Yunnan, China

Approximate Location Richness (#/60m2)
Site Name Site # e Ave.rage
Sampled Elevation (m)
UTM-north UTM-east Species Genus Family

BiRong 1 1-Jun-o04 4640 3139255 47588771 47 28 20
CiZhong 2 27-Jun-04 4130 3097605 47479704 42 29 18
BaMei 3 6-Jul-04 4457 3195112 47472896 40 32 23
BaMei 4 8-Jul-o04 4327 3194906 47471832 46 34 24
BaMei 5 12-Jul-04 4698 3204756 47477560 51 36 20
BaMei 6 14-Jul-04 4668 3203946 47478472 47 31 23
Adong 7 8-Aug-04 4558 3170108 47495946 88 53 28
Adong 8 12-Aug-04 4588 3157481 47492946 95 58 31
Meilishi 9 21-Aug-04 4513 3162879 47464616 105 55 26
Meilishi 10 23-Aug-04 4641 3161410 47465122 83 47 24
Yongzhi 11 1-Sep-04 4238 3128855 47473889 33 25 18
Yongzhi 12 3-Sep-04 4153 3111691 47472464 71 36 20
Baima Pass 13 7-Sep-04 4503 3137119 47504462 104 64 31
Hongshan 14 11-Sep-04 4446 3111932 47588729 80 45 28
Hongshan 15 12-Sep-04 4431 3113574 47587376 74 44 27
Laojunshan 16 20-Sep-04 4159 2971184 47562578 43 34 23
Laojunshan 17 21-Sep-04 4188 2971847 47563179 19 15 12
Laojunshan 18 23-Sep-04 4120 2045966 47573901 27 19 13
Laojunshan 19 24-Sep-04 4220 2948515 47568841 39 32 21
Nagala 20 10-Oct-04 4411 3143298 47569619 50 37 20
Nagala 21 13-Oct-04 4443 3142551 47560939 64 45 23
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Figure 2 Frequency distribution of species occurrences at sites in alpine ecosystems
of the Hengduan Mountains, northwest Yunnan, China
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Figure 3 Average species richness of alpine ecosystems in different regions of the
Hengduan Mountains, Yunnan, China. See Figure 1 for location of named areas

3.2 Species overlap among sites

The species composition of the alpine zone
varied greatly among sites. Similarity in the species
composition among the 40 shrub communities
averaged only 11 + 0.6 % (range 0 ~ 38 %) among
all pairs of sites as calculated by Jaccard’s
Coefficient of Similarity. Meadow species lists
overlapped by 10 + 0.9 % among sites and ranged
from o0 to 58 % among sites, and species in the

scree communities overlapped by an average of 9 +
0.5 % ranging from o to 40 %. The actual number
of species that overlapped ranged from o to 27
(mean = 7.4) in the shrub, o to 40 (mean = 6.7) in
the meadows, and o to 17 in the scree (mean = 3.9).

3.3 Classification and ordination of
vegetation

For purposes of this paper, we present a
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detailed analysis of the alpine meadow
communities only and briefly summarize the
results of the multivariate analysis for the shrub
and scree communities.

The 32 alpine meadow transects were
classified into four major vegetation community
groups based on the similarities in species
composition and abundance; two additional
community groups contained only one transect
each (communities 4 and 5) indicating these had
compositions that were highly unique (Figure 4).
These four community groups were superimposed
on the NMS ordination, and the significant habitat
variables were overlaid as correlation vectors. The
length and direction of the vector represent the
relative importance of the variable to the axes
(Figure 4). The NMS clearly distinguished the four
major meadow community groups identified by the
cluster analysis as indicated by their separation in
the ordination space (Figure 4). Strong geographic
patterns in the distribution of the flora emerged;
transects in close proximity to one another tended
to cluster together indicating they shared a more
similar species composition. The three axes
explained 83 % of the total variance in the species
locations. Axis III accounted for 61.0 % of the
variance and was related to elevation and the
amount of grass cover of the sites. Axis I
represented 14.3 % of the total variance in the
species matrix and was related to the east UTM
coordinate; the more eastern sites were located on
the left side of the graph. These sites also had a
greater amount of bare ground in each plot.

The shrub vegetation was separated into 6
community groups. The NMS ordination accounted
for 60.2 % of the variation in the species
composition and indicated that habitat
characteristics, such as slope exposure, species
richness and the amount of grass cover explained
25.1 % of the species matrix. The second important
axis was related to geographic location (UTM coc
vordinate) accounting for 21.9 % of the variance.
Community groups dominated by junipers (Sabina
spp.) had highly diverse herbaceous communities
and occurred predominantly on south facing slopes
as indicated by environmental vectors. The other
four community groups were dominated by
different Rhododendron species. These
communities tended to be separated by their
geographic location with the more eastern sites
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clearly separated from the northwestern sites.

The scree vegetation was separated into four
major community groups. These were separated
among the three NMS axes by the amount of
exposed rock in a plot, which was related to the size
of the scree substrate, and by geographic location
explaining 61 % of the variance in the species
composition. The sites in the eastern mountains
were clearly separated from the other sites along
the second axis, and the more northern, high
elevation sites were separated from the lower
elevation southeastern sites along the third axis.

4 Discussion

Setting conservation priorities is not a simple
or straightforward process, especially when faced
with high scientific uncertainty due to limited
available information. This is especially acute in
regions of the world that harbor many unique
species that have not been well studied, such as
NWY. Very little is known about the nature and
structure of the alpine vegetation of the southern
Hengduan Mountains of NWY — a priority
conservation target in this biodiversity hotspot.
Because of the rapid socio-economic changes
occurring in NWY (Xu and Wilkes 2003),
conservation managers are faced with a certain
urgency to implement site- and regional-level
action plans but lack the necessary information on
which to make informed decisions. This study was
designed specifically to provide -conservation
planners with information on the distribution
patterns of alpine plant species and communities
across NWY as an initial step for prioritizing
conservation efforts. Although the study is a
coarse-scale analysis of biodiversity and species
patterns, strong patterns emerged, and the results
offer guidance for immediate conservation action.

Our results support previous work that
demonstrated that the alpine zone of NWY
contains high levels of common, rare and endemic
plant species, and high overall plant diversity
(Salick et al. 2004). One of the most striking
findings from this study was the high beta diversity
(spatial variation in species composition among
sites) across the alpine region of these mountains.
Prioritizing areas for further conservation
investment is made difficult by the fact that no two



alpine areas or mountain ranges are alike in terms
of plant species, making each area unique from a
conservation perspective. The strong aggregation of
the alpine meadow communities within geographic
regions suggests that distinct phytogeographic
zones with unique alpine plant communities might
exist in the different mountain regions; however,
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some of the high beta diversity might be explained
by some species having large distribution ranges
with very patchy and isolated populations (Ge et al.
2005). Conservation strategies ultimately will
require the protection of large numbers of species
over a large geographical area.
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The data also demonstrated regional-level
plant patterns in plant species richness and
endemism, both of which were greatest in the more
northern mountain ranges. The number of
endemics at a site was positively correlated with
species richness, a pattern that has been found at
sites worldwide (Hobohm, 2003). Sites with a high
number of endemic species can be considered as
having high irreplaceability value — a site with
attributes not found elsewhere (Pressey et al. 1994,
Ferrier et al. 2000), and, especially if threatened,
should represent a high priority for conservation
(Vane-Wright 1996). Prioritization should be given
to areas where potential payoffs are greatest. Sites
with high species richness also have a greater
number of endemic species, and, by focusing
efforts on these sites, conservation investments
would be maximized by protecting the greatest
number of unique species. However, because there
was little similarity in the species composition
among sites, even the lower diversity sites, such as
Laojunshan in the south, harbor unique species
that most likely are not found elsewhere. In the
long term, a network of sites across the landscape
will be necessary to capture the spatial component
of diversity and species distributions in the alpine
flora.

Other factors also need to be considered when
deciding where and how to invest in conserving the
alpine zone — factors arguably just as important as
the actual location and condition of biodiversity.
These factors include the levels of current and
estimated future threats to biodiversity,
socioeconomic factors, such as level of importance
of alpine systems and their respective ecosystem
services to local people, and predicted climate
change effects on alpine systems. The only

potential threat we observed first hand was grazing.

Grazing was prevalent throughout the mountains
and clearly had an impact on the vegetation as
evidenced by the dominance of low-statured
species in the meadows. However, the plant species
data did not suggest a problem in the form of
dominance by a few nuisance or unpalatable
species, indicators of over-grazing (Miller 2000,
Mohamed-Saleem and Wuldo 2002, Erschbamer et
al. 2003). Moreover, there was little bare soil or
evidence of erosion. Large areas of exposed and
eroded soil would indicate over grazing (Miller
2000), but the amount of bare ground in plots
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typically was less than 2 % of the area sampled. Our
plant data were consistent with the views of local
herders who indicated that there has been little
degradation in the pasturelands above treeline over
the years (Buntaine et al. 2006).

Of greater concern by local herders was the
encroachment of shrubs onto traditional high
elevation summer pasturelands and the subsequent
loss of grazing lands (Buntaine et al. 2006). A
national level burn ban instituted in 1998 to
protect lower elevation forests was universally
applied to all ecosystems throughout the
mountains. Fire is a traditional land management
tool used by herders to keep alpine pastures open
and promote the growth of palatable species
(Meihe 1997, Xu and Wilkes 2003, Buntaine et al.
2006). Baker and Moseley (2007) found that a
change in the fire regime, along with a warming
climate, were important factors contributing to an
advancing treeline and the establishment of shrubs
above current elevational distributions. With less
alpine meadow, highland pasturing could become
concentrated into smaller areas with potentially
detrimental affects. Grazing can enhance
biodiversity (e.g. Korner 2000). Many of the
attractive flowering plants that characterize the
high alpine meadows persist in large numbers
because grazing suppresses their opportunistic
competitors, including many of the mat-forming
species and rosettes that grow close to the ground
to evade grazing (Meihe 1997). Our vegetation data
suggest that fire also helps to maintain the rich
diversity of the alpine meadows. Although it was
evident from our observations that fire continues to
be used in many parts of the region, it is perhaps at
a more limited scale than historically. A
combination of grazing and fire may be the
important factors that contribute to biological
diversity of these plant communities.

The complementary research approach
utilized in the Alpine Ecosystem Project (TNC
2006) provides a more holistic view of the current
condition, uses and issues concerning the alpine by
integrating vegetation, socio-economic and climate
change data. Thus, the biodiversity and species
distribution patterns documented in this study can
be evaluated within a larger framework to help
prioritize sites for immediate conservation action.
Understanding the social and physical context in
which species and communities occur is essential



for conserving these ecosystems. Regional
differences in climate, geology and soils combined
with topographical differences among mountain
ranges appear to play a large role in influencing the
species composition across the mountains of NWY.
Superimposed on these environmental gradients
are land use systems that have been in place for
millennia. The alpine mosaic is the product of
long-term ecological and social forces, and
controversial issues such as grazing and the use of
fire need to be addressed within a historical and
conservation context. Maintaining the long-term
health and integrity of alpine ecosystems in NWY is
crucial for conserving both the rich biological
diversity and the rich cultural heritage of the
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