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Summary In many plant species, leal morphology varies
with altitude, an effect that has been attributed to temperature.
It remains uncertain whether such a trend applies equally to ju-
venile and mature trees across altitudinal gradients in semi-arid
mountain regions. We examined altitude-related differences in
avariety of needle characteristics of juvenile (2-m tall) and ma-
ture (5-m tall) alpine spruce (Picea crassifolia Kom.) trees
growing at altitudes between 2501 and 3450 m in the Qilian
Mountains of northwest China. We found that stable carbon
isotope composition (§°C), area- and mass-based leaf nitrogen
concentration (N, Ny), number of stomata per gram of nitro-
gen (SU/N), number of stomata per unit leaf mass (St/LM),
projected leaf area per 100 needles (LA ) and leaf mass per unit
area (LMA) varied nonlinearly with altitude for both juvenile
and mature trees, with a relationship reversal point at about
3100 m. Stomatal density (SD) of juvenile trees remained un-
changed with altitude, whereas SD and stomatal number per
unitlength(SNL) of mature spruce initially increased with alti-
tude, but subsequently decreased. Although several measured
indices were generally found to be higher in mature trees than
in juvenile trees, Ny, leaf carbon concentration ( Cy ), leaf water
concentration (LWC), St/N, LA and St/LM showed inconsis-
tent differences between trees of different ages along the
altitudinal gradient. In both juvenile and mature trees, §°C cor-
related significantly with LMA, Ng, N, SNL, St/LM and
St/N. Stomatal density, LWC and LA were only significantly
correlated with §°C in mature trees. These findings suggest
that there are distinct ecophysiclogical differences between the
needles of juvenile and mature trees that determine their re-
sponse to changes in altitude in semi-arid mountainous re-
gions. Variations in the fitness of forests of different ages may
have important implications for modeling forest responses to
changes in environmental conditions, such as predicted future
temperature increases in high altitude areas associated with cli-
mate change.

Kevwords: altitude, carbon isotope, ecaphysiology, morphol-
0gy, tree age.

Introduction

In response to ongoing increases in femperature and atmo-
spheric CO;y concentration (Schimel et al. 2001}, tree lines
may shift to higher altitudes and tree species may exhibit range
expansions toward the poles (MacDonald et al. 2000, Esper
and Schweingruber 2004). These shifts may further increase
the atmospheric concentrations of greenhouse gases by pro-
moting the thawing of permafrost. To model how alpine for-
ests will adapt to predicted increases in global temperature, a
detailed understanding of the ecophysiology of alpine trees is
essenfial. Data on the responses of alpine tree species fo in-
creases in temperature and CO; concentrations have focused
on leaf morphology and water-use efficiency by measuring
stable carbon isotope ratios (8C) of leaves or bark. A strong
and consistent increase in §C has been correlated with alti-
tude ina few species ( Korner et al. 1988, 1991, Vitousek et al.
1990, Marshall and Zhang 1994, Sparks and Ehleringer 1997,
Hultine and Marshall 2000, Warren et al. 2001), although a
nonlinear relationship has been reported recently in other al-
pine trees (Qlang et al. 2003, Li et al. 2004). In addition, sev-
eral analyses of single species (Cordell et al. 1998) and multi-
ple species (Hultine and Marshall 2000, Van de Water et al.
2002) have found strong correlations between variations in al-
titude and both leaf characteristics and 8"C values. These
morphological characteristics include leaf thickness ( Vitou-
sek et al. 1990, Cordell et al. 1998), leaf nitrogen concentra-
tion { Morecroft and Woodward 1996), stomatal conductance
(Meinzer et al. 1992), stomatal density (SD) {number of pores
per unit leaf surface area; Kdrner et al. 1989) and leaf mass per
unit area (LMA; Hultine and Marshall 2000). The increase in
5C with increasing altitude may also reflect changes in soil
water content { Beerling et al. 1996, Sun et al. 1996), air tem-
perature (Panek and Waring 1995), atmospheric CO; concen-
tration { Ehleringer and Cerling 1995, Marshall and Monserud
1996) and barometric pressure ( Marshall and Zhang 1994).
Altitudinal responses may also differ between juvenile and
mature trees, because trees show a variety of ecophysiological
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Abstract An inventory of isolated tree stands
surrounded by desert pastures in Southern Tibet
(A.R. Xizang, China) revealed more than 30 sites
with vigorous trees of Juniperus convallium Rehder
& EH. Wilson and Juniperus tibetica Kom and
additional more than 10 records where juniper trees
had been destroyed between 1959-1976. The free
stands are not restricted to any specific habitat, and
occur within an area stretching 650 km westwards
from the current forest border of Southern Tibet. The
trees are religious landmarks of the Tibetan Bud-
dhists. The highest trees were found at an elevation of
4860 m. Vegetation records, rainfall correlations and
temperature data collected by local climate stations
and successtul reforestation trials since 1999 indicate
that forest relicts fragmented through human inter-
ference could regenerate it current cattle grazing and
deforestation practices are halted. The drought line of
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Juniperus forests in Southern Tibet 15 approximately
200-250 mm/a. A first pollen diagram from Lhasa
shows forest decline associated with the presence of
humans since at least 4,600 yr BP. The currently
degraded commons developed in the last 600 yr. To
date, no findings of remains of ancient forests in the
Central Tibetan Highlands of the Changtang have
been reported.

Kevwords  China - Environmental change -
Forest history - Habitat fragmentation - Juniperus -
Kobresia - Tibet

Introduction

The issue of isolated Juniperus tree stands in arid
Southern Tibet gives occasion to re-consider percep-
tions of the dimension of global change during the
Holocene in the desert belt of the Old World. This is
particularly challenging due to the fact that the
reconstruction of Holocene environments is nowhere
more difficult than in arid environments. While
sediment, landform, pollen and molecular analyses
may provide valuable information about shifts of
vegetation belts and reforestation migration routes
during the Holocene, it is nearly impossible to detect
the human mmpact on environmental changes from
hunters and gatherers, nomadic pastoralists or seden-
tary agriculturalists becaunse archaeological findings
are rare and palynological detection of human
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Abstract

Competitive strategy for resources between Cleistogenes squarrosa (Trin.) Keng which is a dominant species of
grasslands degraded by moderate-heavy grazing, and Stipa grandis P. Smirnov, which is a dominant species of ungrazed
communities, was studied using a replacement series method in a greenhouse. The knowledge would be helpful in
managing grasslands and restoring the degraded C. squarrosa grassland. Although there was neither inter- nor intra-
specific competition between the two species when no nutrients were added, intra-specific competition of C. squarrosa was
observed and increased with mcreased nutrient availability and more sulfur (S) was allocated to the aboveground partition
of the plant. Relative competitive ability of C. squarrosa was greater than that of S. grandis when nutrients were supplied
regardless of S. There was no significant difference between shoot and root competition based on dry matter yields.
However, root competition was significantly greater than that of shoot based on S uptake under all treatments. A
significant interaction was not observed between shoot and root competition. Therefore, nutrients addition benefits the
restoration of degraded grassland of C. squarrosa, which may not exclude 8. grandis. Also productivity and forage quality
of the community will be increased.

(© 2007 Elsevier Ltd. All rights reserved.

Keywords: Inner Mongolia steppe; Nutrients and sullur application; Productivity; S uptake

1. Introduction

Cleistogenes squarrosa (Trin,) Keng is a short, perennial, C,; bunchgrass, that is similar to blue grama
Bouteloua gracilis (H.B.K.) Lag. Ex Griffiths in the mixed- and short-grass prairies of North America. Both
have the same photosynthetic pathway and are resistant to grazing (Fair et al., 1999; Redmann et al., 1995;
Wang and Wang, 2001). In the eastern confines of the Stipa-Leymus steppes of the Inner Mongolia,
C. squarrosa often becomes co-dominants with Levmus chinensis (Trin.) Kitagawa and Stipa spp. (Chen et al..
2002; Li, 1989). Especially under moderate to heavy grazing where it is frequently a co-dominant species with

*Corresponding author. Tel./fax: +869716106617.
E-mail address: wangship(@yahoo.com (S.P. Wang).

0140-1963/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
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Abstract

The Rhodiola L. genus (Crassulaceae) is one of the most imporfant medicinal p|unl producls
used by Tibetans in Chinese phyioihempy. Fourteen species were examined for their content
of sclidroside. A considerable quentitative variafion was observed using high-performance
|iquid chromulogmphy and this depencled on species and regiona| factors. It was found that
all samples contained salidroside at concentrations ranging between 0.02 mg g ™' (R. sin-
vate) and 15.95 mg g 1 (R. sacra), respeclive|y. The content of salidroside in R. sacra was
signiﬁcanﬂy higher than in other popu|ur medicinal p|unis of this genus. This ﬁnding indi-
cated that there may be more Rhodiola species present in the Qinghai-Tibet Plateau which

may beused as a poIenﬁu| source of salidroside.

Keywords

Column |iquid chromaiogmphy
Salidroside
Crassulaceae

Rhodiola

Introduction treat various diseases [2, 3]. There are

more than 43 species growing between

The Rhodiola L. genus belongs to the
Crassulaceae family [1]. Different Rho-
diola species are used in Tibetan tradi-
tional folk medicine for centuries in the
attempt to maintain body health and to

Limited Short Communication
DOI: 10.1365/s10337-008-0705-4
0009-5893/08/08

2,600 and 5,400 m above sea level in the
frigid zones on the mountains in the
Qinghai-Tibet Plateau. Only 24 species
are known to be used in the traditional
medicine of Tibet [4, 5]. As a traditional

Chromatographia 2008, 68, August (No. 3/4)

herbal remedy Rhodiola species have
been used for the treatment of a variety
of conditions such as clearing heat in the
lungs, eliminating toxins from the body,
treating various epidemic diseases, ede-
ma of limbs, traumatic injuries and
burns. Rhodiola plants were used by lo-
cal communities in small quantities but,
in recent years, increased commerciali-
zation of some species has increased de-
mands and  exploitation.  Massive
harvest, loss of habitat by deforestation
and excessive grazing in high altitude
pastures in the entire Qinghai-Tibet re-
gion now threaten their survival. One
possible strategy to address this problem
is 1o encourage the local communities to
collect and use other species of Rhodiola
L. in the Qinghai-Tibet Plateau. A pre-
requisite for the pursuit of this policy,
however, is the evaluation of differences
and similarities between the plants with
respect to chemical compositions.
Salidroside  (p-hydroxyphenethyl-f-
p-glucoside) is one of the most active
ingredients in Rhodiola plants. It has
been shown to possess a number of
medicinal properties including the ability
to reduce the effects of anoxia, micro-
radiation and fatigue [6-10].
Pharmacological properties have been
reported to include anti-aging, antican-
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We monitored UVA, UVB, and solar radiation from August 2001 to 2003 on the northern
Qinghai-Tibetan Plateau to characterize the diurnal and seasonal variations of UV radiation
on the world's highest plateau. Daily UVB radiation and the ratio of UVB to total solar
radiation increased significantly when the atmospheric ozone concentration decreased as
estimated by the total ozone mappingspectrometer (TOMS), as well as when cloud coverage
decreased. The UVB/UVA ratio also showed a significant increase when the TOMS ozone
concentration decreased in the moming. The seasonal variation pattern of UVB, however,
was closely correlated with solar elevation but was little affected by the seasonal pattern of
the atmospheric ozone amount. Compared to observations from the central plateau, the
magnitude of the UVB increase attributed to ozone depletion was smaller at the northern
edge. The study suggests that the temporal variation of ground UV radiation is determined
by both solar elevation and the ozone amount, but the spatial difference on the plateau is

likely to be ascribed mainly to the spatial variation of the ozone amount.

© 2007 Published by Elsevier B.V.

1 Introduction

Man-made chemicals are considered to have caused world-
wide depletion of the atmospheric ozone layer (Pyle, 1997;
McKenzie et al., 1999; Wei et al., 2006). Long-term satellite
observations have shown that the stratospheric ozone
amount is much less over the Qinghai-Tibetan Plateau,
particularly in summer, than over other areas with the same
latitude (Zhouand Luo, 1994; Zou, 1996; Zheng et al., 2004; Bian
et al., 2006). Recent studies indicate that the ozone layer over
the plateau is slowly decreasing (Zou, 1996; Liu et al., 2003; Li
et al.,, 2005; Zhang et al., 2006; Zhou et al., 2006).

The depletion of the ozone layer may lead to anincrease of
ground UVB (Frederick et al., 2000; WMO and UNEP, 2006).

Using the ratio of UV radiation to global radiation (UVB/G),
Blumthaler and Ambach (1990) found a long-term increase of
the incidence of UVB in a mid-latitude alpine region.
Measurements in Italy and England indicate that UVB
incidence increased with decreasing ozone amount at fixed
solar zenith angles (SZA) (Casale et al., 2000; Bartlett and
Webb, 2000). In Tibet, a 2month observation showed an
evident increment of UVB radiation that closely corresponded
to the declination of stratospheric ozone (Ren et al.,, 1997,
1999). The UVB intensity at ground-level increased as the total
ozone column decreased (Zhang et al, 2003). The World
Meteorological Organization (WMO) also suggested that the
Qinghai-Tibetan Plateau was a local center with a high UV
index (http://toms.gsfc.nasa.gov/ery_uv/euv_v8.html).

* Corresponding author at: National Institute for Environmental Studies, Onogawa 16-2, Tsukuba 305-8506, Japan. Tel.: +81 298 50 2481.
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On the Qinghai-Tibet plateau increased livestock numbers have resulted in degradation of
the grasslands with potential impacts on native biodiversity. Concurrently, perceived
increasesin populations of native small mammals such as plateau pikas (Ochotona curzoniae)
have led to poisoning programs, with uncertain impacts on species such as ground-nesting
birds. We explored the relationships between the local seasonal abundance of small birds
and (1) the density of pika burrows; (2) livestock grazing practices; and (3) local poisoning
of pikas. Around Naqu prefecture, central Tibet, we used a nested experimental design to
collect data from areas rested from grazing over summer, nearby areas with year-round
grazing and areas subjected to pika poisoning. Additional data were collected from a site
where grazing had not occurred for at least 4 years prior to the study. Poisoning pikas in
spring had no detectable effect on the local abundance of birds the following autumn. How -
ever, two ground-nesting species, white-rumped and rufous-necked snowfinches, showed
positive associations with the density of pika burrows, indicating that long-term pika poi-
soning could reduce the density of these species by reducing the density of pika burrows.
Rufous-necked snowfinches and non ground-nesting species including horned larks and
common hoopoes showed positive responses to reduced grazing pressure from livestock,
particulatly in the long-rested site, indicating current grazinglevels could be having a neg-
ative impact on these species. Conservation of small passerine biodiversity in this system
will require changed management practices for livestock and pikas that consider the com-
plex three-way interaction between livestock grazing, pikas and small birds.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Livestock grazing has major impacts on native biodiversity
throughout the world (Milchunas et al., 1998; Fuller and
Gough, 1999; Martin and Possingham, 2005). Birds seem par-
ticularly susceptible to the changes that occur when grazing

pressure increases, with proposed mechanisms including loss
of preferred vegetation type and structure, alteration of food
supplies and alteration of predation pressure.

The high alpine grasslands of the Qinghai-Tibetan plateau
have supported pastoralism of domesticated yaks (Bos grunn-
iens) and Tibetan sheep (Ovis aries) for approximately 2200
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Abstract Nitrous oxide (N,O) emission was mea-
sured in a Kobresia humilis meadow and a Potentilla
Jruticosa meadow in the Qinghai-Tibet Plateau from
June 2003 to July 2006. Five treatments were setup in
the two alpine meadows. Two bare soil treatments
were setup in the K. humilis meadow (BSK) and in
the P fiuticosa meadow (BSP) by removing the
above- and belowground plant biomass. Three plant
community treatments were sctup with one in the K
humilis meadow (herbaceous community in the K
humilis meadow-HCK) and two in the P. fruticosa
meadow (herbaceous community in the P. fruticosa
meadow-HCP, and shrub community in the P
Jruticosa meadow-SCP). Nitrous oxide emission from
BSP was estimated to be 38.1%3.6 ug m % h',
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significantly higher than from BSK (30.2+2.8 ug m ?
h™") during the whole experiment period. Rates from
the two herbaceous blocks (HCK and HCP) were
close to 39.5 ug m nt during the whole experi-
mental period whereas shrub community (SCP)
showed significant high emission rates of N,O.
Annual rate of N,O emission was estimated to be
356.7+8.3 and 295.0+11.6 mg m % year ' from the
alpine P fruticosa meadow and from the alpine K
humilis meadow, respectively. These results suggest
that alpine meadows in the Qinghai-Tibetan Plateau
are an important source of N, O, contributing an average
of 03 Tg N,O year ' We concluded that N,O
emission will decrease, due to a predicted vegetation
shift from shrubs to grasses imposed by overgrazing.
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