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Abstract. Understanding the mechanistic links between ings also demonstrate that, at both the functional group and
environmental drivers, human disturbance, plant functionalcommunity levels, standing aboveground biomass increased
traits, and ecosystem properties is a fundamental aspect afith leaf area and specific leaf area. Compared with the large
biodiversity-ecosystem functioning research. Recent studehanges in leaf traits and standing aboveground biomass, the
ies have focused mostly on leaf-level traits or community- soil properties were relatively unaffected by grazing. Our
level weighted traits to predict species responses to grazingtudy indicates that a multi-organization-level approach pro-
and the consequent change in ecosystem functioning. Howvides more robust and comprehensive predictions of the ef-
ever, studies of leaf-level traits or community-level weighted fects of grazing on leaf traits and ecosystem functioning.
traits seldom identify the mechanisms linking grazing im-
pact on leaf traits to ecosystem functioning. Here, using a
multi-organization-level approach, we examined the effects i
of grazing on leaf traits (i.e., leaf area, leaf dry mass and spet  Introduction
cific leaf area) and ecosystem functioning across six com-

munities of three vegetation types along a soil moisture gra—GraZIng is one of the most important drivers affecting mor-

dient in the Xilin River Basin of Inner Mongolia grassland, phology and physiology of plants and controlling structure

China. Our results showed that the effects of grazing on Iea]and functioning of grassland ecosystems (Milchunas and

traits differed substantially when scaling up from leaf-level Lauenroth, 1993; Pakeman, 2004; (?lngolam_ et al,, 2005;
to species, functional group (i.e., life forms and water eCO_Semmartln etal, 200.8)' Plant funcﬂpnal traits have been
type types), and community levels; and they also varied withCOf?S"?'ered as rgflectmg the adaptations to envwon_mental
vegetation type or site conditions. The effects of grazing onvariations and disturbance and trade-offs among different

leaf traits diminished progressively along the hierarchy Ofor_functions within a plant (az et al., 2001; Garnier et al.,

ganizational levels in the meadow, whereas the impacts wer@om; Wright et al., 2004). Several studies have been con-

predominantly negative and the magnitude of the effects in_ducted using functional traits to predict plant responses to

. ; o : i the impacts of grazing on plant growth and ecosys-
creased considerably at higher organizational levels in thdfazINg ortn i .
typical steppe. Soil water and nutrient availability, functional telmzfgggtlonlng (Baz etal., 2001; Adler et al., 2005jax et
trade-offs between leaf size and number of leaves per individ® ): _ e e e
ual, and differentiation in avoidance and tolerance strategies SCMe €asily measured leaf traits (‘soft” traits), such as

among coexisting species are likely to be responsible for thde2f size, leaf dry matter content, and specific leaf area, are

observed responses of leaf traits to grazing at different leyf0und to be closely related to plant functions because they are

els of organization and among vegetation types. Our fingighly correlated with “harder” traits, such as relative growth
rate, photosynthetic capacity, and leaf turnover rate, and fur-

) ther reflect the fundamental trade-offs between growth and
Correspondence tov. F. Bai anti-herbivore defense (Reich et al., 1999, 2007; Wilson et
BY (yfbai@ibcas.ac.cn) al., 1999). Many studies have shown that leaf size generally
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decreases under persistent grazing pressure. Because, for an this study, we examined the effects of grazing on leaf
given leaf area and/or mass, larger leaves provide better bitesaits and ecosystem functioning across six communities of
for grazer, whereas smaller leaves require more bites (Landghree vegetation types (i.e., meadow, meadow steppe, and
berg etal., 1999; az et al., 2001). Therefore, grazing avoid- typical steppe) along a soil moisture gradient in the Xilin
ance traits are usually associated with low palatability, suchRiver Basin of the Inner Mongolia grassland, China. Leaf
as small leaf size and high leaf dry matter content (Wardletraits (i.e., leaf area, leaf dry mass and specific leaf area)
et al., 1998; Daz et al., 2001). In contrast, plants that toler- of 226 species including 112 common species present at
ate grazing should have high specific leaf area and low leathe paired ungrazed and grazed sites, standing aboveground
toughness, which increase shoot regrowth ability and selecbiomass, and soil properties were systematically determined
tivity by herbivores (rez-Harguindeguy et al., 2003; Cin- across the six grassland communities. To facilitate our analy-
golani et al., 2005). sis and interpretation, these data were organized into a nested
Diaz et al. (2001) proposed that some easily measurethierarchy of four organizational levels, i.e., leaf, species,
plant traits, such as plant height, leaf dry mass, life his-plant functional group, and community. Specifically, we try
tory, and specific leaf area, could be used to predict planto address the following three research questions: first, how
responses to grazing. However, Vesk et al. (2004) found lit-do plant leaf traits respond to grazing at different levels of
tle evidence for predictability of grazing responses with sim- organization (i.e., at the leaf, species, plant functional group
ple traits in the semi-arid and arid shrublands and woodlandsand community level) and across different grassland com-
Several studies demonstrate that plant traits response to gramunities in the Xilin River Basin? Second, how are the rela-
ing is largely mediated by resource availability (e.g., precip-tionships between leaf traits and ecosystem functioning (e.qg.,
itation and soil nutrients) (Adler et al., 2004; Osem et al., standing aboveground biomass) affected by grazing and soil
2004; Pakeman, 2004; Vesk et al., 2004; Anderson et al.properties, particularly soil moisture and nutrients? Third,
2007), and grazing intensity or history (Adler et al., 2004; what are the possible mechanisms underpinning the observed
Diaz et al., 2007; Graff et al., 2007). Also, many previous responses of leaf traits to grazing?
studies used leaf-level traits to predict species responses to
grazing (Daz et al., 2001; Vesk and Westoby, 2001; Adler
et al., 2004), which may have potential problems in link- 2 Methods
ing leaf-level trait alteration to species shift and ecosystem
functioning change. This is because, at plant species leveR.1 Study area
impacts of grazing on leaf attributes depend not only on leaf-
level traits but also on number of leaves per individual andThis study was conducted in the Xilin River Basin {28—
number of individuals within a community. At plant func- 44°29 N, 11532-11712 E), which is located in the typ-
tional group level, the leaf attributes may be affected byical steppe region of the Inner Mongolia Plateau, northern
trait dissimilarity among different functional groups (com- China and covers an area of about 10 008 kwith an el-
plementarity hypothesis) and functional redundancy or com-evation ranging from 900 to 1500m (Chen, 1988). Mean
pensation among species within the same group (Naeengnnual temperature is €, with the lowest mean monthly
1998; Loreau et al., 2001; Bai et al., 2004; Gamfeldt et al.,temperature-21.4°C in January and the highest 19@ in
2008). Similarly, at community level, grazing impacts on July. Mean annual precipitation is 336.9 mm, with 51-89%
leaf properties (e.g., leaf area index, leaf biomass, and speainfall occurring in the growing season (May—August). The
cific leaf area) and ecosystem functioning are likely mediatedmost dominant soil type is chestnut soil, while sandy soil and
by resource availability and niche complementarity amongmeadow soil are two major non-zonal soil types in this region
species with different traits (Loreau et al., 2001; Rusch et al. (Chen, 1988).
2009; Schumacher and Roscher, 2009). Our field sampling was carried out in the areas adjacent
Several recent studies have explored grazing effects omo the Inner Mongolia Grassland Ecosystem Research Sta-
ecosystem properties by using community-level weightedtion (IMGERS), Chinese Academy of Sciences, which is lo-
traits, calculated from leaf-level traits in combination with cated at the middle reach of the Xilin River Basin (Bai et al.,
species abundance in a community (Garnier et al., 2007; La2004). We selected six paired ungrazed and grazed grass-
vorel et al., 2008; Ansquer et al., 2009; Schumacher andand communities of three vegetation types, includagex
Roscher, 2009). However, it is still difficult to identify the appendiculatameadow, Stipa baicalensisneadow steppe,
mechanisms linking grazing impact on leaf traits to ecosys-Leymus chinensiypical steppeS. grandistypical steppe,
tem functioning based on a single organizational level anal-Caragana microphyllaypical steppe, anértemisia frigida
ysis. Therefore, more research on “integration functions”typical steppe. These communities are subjected to similar
at different organizational levels is needed, which will def- climatic conditions, such as temperature and precipitation,
initely improve our understanding on mechanistic links be-but differ in terms of floristic composition and soil proper-
tween plant functional traits and ecosystem properties (Vio-ties, particularly soil water and nutrient content. The un-
lle et al., 2007). grazed sites of communities are the permanent field sites of
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Table 1. Abiotic and biotic characteristics of six grassland communities in the Xilin River Basin of Inner Mongolia, China.

No. of
Community Vegetation Altitude  Sail Land use Species richness  Standing aboveground  sampled
No. type type Location (m) type type (no.Th) biomass (g m?) species
1 Carex Meadow N 4337.658 1150 Meadow Ungrazed site 22.6£1.9 574.9440.2 98
appendiculata E 11641.202 soil (fenced since 1989)
Grazed site 20461.3 382.2:61.1 78
2 Stipa Meadow N 43°27.248 1380 Dark chest- Ungrazed site 28.3t1.0 115.8:4.4 83
baicalensis steppe E 116°47.418 nut soil (fenced since 1979)
Grazed site 21518 148.314.8 63
3 Leymus Typical N 43°32.973 1250 Dark chest- Ungrazed site 13.3+0.9 178.2:10.9 61
chinensis steppe E 116°40.71% nut soil (fenced since 1979)
Grazed site 940.4 101.37.2 23
4 S. grandis Typical N 43°32.35% 1180 Typical Ungrazed site 11.5+0.9 178.:6.9 60
steppe E 11633.198 chestnut (fenced since 1979)
soil
Grazed site 810.5 69.9:3.2 26
5 Caragana Typical N 43°35.878 1190 Typical Ungrazed site 11.0t1.6 140.5:5.8 72
microphylla steppe E 11644.263 chestnut (fenced since 1983)
soil
(Grazed site) 10.0+0.4 50t5l.6 22
6 Artemisia Typical N 43°37.93% 1200 Typical Ungrazed site 8.9+0.9 97.18.1 51
frigida steppe  E 116°40.598 chestnut (fenced since 1989)
soil
Grazed site 1040.5 78.4£7.6 48

the IMGERS, which have been fenced from grazing by largeseparation, then they were oven-dried aeCCfor 24 h to a
animals for about 20-30 years (Table 1). The grazed sites, loeonstant mass, thus the ratio of stem to leaf (stem:leaf ra-
cated outside the fence of the ungrazed sites, have been matie) and plant biomass could be calculated. The total num-
aged as free grazing pasture (mainly by sheep) since 19506er of species and aboveground biomass collected within
thus they have about 60 years of grazing history. More de-each quadrat were used for estimating species richness and
tailed information for the six communities is shown in Ta- standing aboveground biomass of community. The relative

ble 1. abundance of each species was obtained by calculating the
proportion of the species to the total density. The relative
2.2 Vegetation and soil properties biomass of each species was determined by its biomass ratio

to the total community biomass. For each species, number

Vegetation measurements were conducted during 28 July t8f I_eaves per individual was determined as total leaf bioma_ss
14 August, 2007 when the standing aboveground biomasg'v'd_ed by leaf dry mass. All species were further classi-
reached its annual peak, which approximated its annual néf€d into plant functional groups based on life forms and
primary productivity in the ungrazed sites (Bai et al., 2004).W_ater ecotypes. Four I|fe- forms are composed of peren-
At each site, 5-10 quadratsx1 m each) located randomly Nia! grasses (PG), perennial forbs (PF), annuals and bien-
within an area of 102100 m were sampled, and a total of NialS (AB), and shrubs and semi-shrubs (SS). Five water
110 quadrats were measured across the six communities. TéFOLYPes are consisted of xerophytes (X), meso-xerophytes
quadrats were used at each site for meadow steppe and typiVX), Xero-mesophytes (XM), mesophytes (M), and hygro-
cal steppe communities, and 5 quadrats were sampled at eaBlytes and hygro-mesophytes (HH).

site for the more homogeneous meadow community. At each After the vegetation measurements, 5 of 10 quadrats were
grazed site, these qudrads were randomly located in the arex€!ected randomly for soil sampling. Within each qudrat, soil

that were not subjected to grazing during the current seasor>@MPles were collected by taking three 5-cm diameter soil
. - . cores from 0—20 cm depths, mixed in situ as one composite
Within each quadrat, all living biomass and current year

. L . sample, hand-sorted to remove plant materials, and air dried
dead materials were harvested by clipping to the soil surface. P P

. X in the lab of IMGERS. Soil samples were also taken from
separated to species, oven dried atC0dor 24 h to constant 0—20 cm layer with a soil bulk density auger, oven-dried at

mass and weighed. Litter biomass within each quadrat WaY yeo for 48 h. and weighed to determine soil bulk density
collected. For each species, height, number of individuaIsSOiI porosity wéls calculated as following formula: '

and coverage were also measured within each quadrat at the
same time. The aboveground biomass of each species was
collected and transported to a laboratory for stem and leaf
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Soil porosity(%) = (1— soil bulk density2.65) - 100% standing biomass in both ungrazed and grazed sites. For the
) ) ) ~other five steppe communities, 7-22 dominant and common
where32.65 is the constant value of soil grain densitygpecies were selected in each community, which accounted
(gem™). . _ _ for more than 90% of the community standing biomass.
The field holding capacity (%) of 0-20 cm soil layer was The S| A, stem:leaf ratio, and standing aboveground biomass
determined using the pressure chamber method (Page et zgreen and current year dead) of each species were used for
1982). Soil organic carbon was determined by the methoda|cylating species-level leaf area and leaf biomass for each
of K2Cr207-H2S 0y solution digestion with the oil-bath heat-  gyadrat in the paired ungrazed and grazed sites across six
ing. Soil total nitrogen was analyzed using a Kjeltec analyzercommunities.
(Kjeltec 2300 Analyzer Unit, Sweden). Soil total phospho- ot piant functional group level, leaf area and leaf biomass

rus was determined using a UVvisible spectrophotometerys species that belong to a specific life form or water ecotype
(Beckman Coulter DU 800, USA). Soil C, N, and P contents, ere symmed for each quadrat in each ungrazed and grazed
were presented in mass basis (%). site, and SLA for each functional group was determined as
the ratio of leaf area to leaf biomass. At community level,
total leaf biomass was calculated by using plant biomass and

After the vegetation and soil sampling, we randomly se-Stem:leaf ratio of each species within each quadrat at the un-
lected 30-50 fully grown individuals of each species andgarzed and grazed sites across six communities. Leaf area

collected mature fully expanded leaves (see Cornelissen dpdex (the area of leaves per soil surface areamm’) was

al., 2003). All species present in the community were sam-determined by leaf biomass and specific leaf area of each

pled at each site. For each species, the same number §pPecies at each quadrat. The following formulae were used:
individuals that were not subjected to grazing during the n
current season was also collected at the grazed sites fareaf biomasgg mfz)z _t
leaf trait measurements. In this study, 226 species from 42 R+l
families and 141 genera were collected across six ungrazed

and six grazed communities in the Xilin River Basin (sup-
plementary material S1, sdwtp://www.biogeosciences.net/
7/1117/2010/bg-7-1117-2010-supplemend.zip For each
species, according to leaf size, about 150-600 mature n

and fully expanded leaves from 30-50 individuals were > Bri-SLA;

picked and divided into 30 sgmples, each With 5-20 gpecific leaf areacn? g 1) = ’=1n— €)
leaves. Based on leaf morphological characters, five methods 3 _Bi

were used for leaf area measurements (supplementary ma- o kit

terial S2, seehttp://www.biogeosciences.net/7/1117/2010/

bg-7-1117-2010-supplement.}ip After the leaf area was WhereB;, R;, By; and SLA are the aboveground biomass,
measured, leaf samples were oven-dried &®%r 24hto ~ stem:leaf ratio, leaf biomass, and specific leaf area of the
constant mass, and then specific leaf area (SLA gmh) species within each quadrat, respectively, amis the num-
was calculated as the ratio of leaf area to leaf dry mass. ~ ber of species in each quadrat.

2.3 Plant leaf traits

Bi 1)

n
Leaf area indexm? m—2) = ZBU -SLA; 2)
i—1

2.4 Scheme for data analysis 2.5 Statistical analysis

To facilitate the analysis and interpretation of results, we Statistical analyses were performed using a SPSS 13.0 soft-
further organized leaf trait data into a nested hierarchy ofware (2004, SPSS Inc., USA). The effects of grazing on leaf
four organizational levels, i.e., leaf, species, plant functionaltraits for each species present at the paired ungrazed and
group, and community. At leaf level, we compared leaf traitsgrazed sites were tested across six grassland communities
of 112 species present in the paired ungrazed and grazed sitey Independent-Samples T tegt & 0.05). A total of 112
across six grassland communities based on direct measurspecies were classified into three response groups, i.e., de-
ments of leaf area, leaf dry mass, and SLA. At species levelgcreased, increased, and unchanged, based on leaf area, leaf
the effects of grazing on leaf traits of dominant and com-dry mass, and SLA responses to grazing. The effects of
mon species (relative biomasd.%) were examined in each grazing on leaf area, leaf biomass, and SLA were also ex-
of the six communities. Fo€. appendiculataneadow, the amined at species, plant functional group, and community
subdominant specieBpa subfastigiatawhich accounted for  levels across six grassland communities. At plant functional
26% of the community standing biomass, was excluded fromgroup level, we examined the relationship between the leaf
the leaf trait analysis; because all leaves had senesced by Atrait response and corresponding aboveground biomass re-
gust. Thus, a total number of 13 species was selected, whichponse for each functional group across the six communities.
together accounted for more than 65% of the communityWe further explored relationships between leaf traits and soil
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properties and between leaf trait responses and soil property 1000 @ e
responses to grazing by Pearson correlation analysis. ] ° IS
To examine the fundamental trade-offs associated with ~ 2 o I o © o
leaf traits, we analyzed the relationship between leaf areaN: o i 0 o
response and leaf humber response of dominant and com & : g S o
mon species for different vegetation types. The relationships § o : s 8
between the leaf biomass and leaf area index and betweel g 1 I
standing aboveground biomass and leaf traits across sixcom g g, - é I o
munities were also analyzed by simple linear regression. Be- § ;1 B © i 8
fore regression analysis, all data were transformed with the 8 : & o o©
natural logarithm to improve the normality. © ! ©
|
AIB F;F PIG S‘S l HIH l\lll X‘M n‘nx ;(
Life form and water ecotype functional groups
3 Results
Fig. 1. Box plots of specific leaf area (SLA) for different life
3.1 Variations in species leaf traits in the Xilin River forms (a) and water ecotypefb) in the Xilin River Basin, Inner
Basin Mongolia, China. The values of SLA were lggtransformed be-

fore analysis. Box plots show the interquartile range and median

Large variations in leaf traits were observed among 2og(central line); whiskers indicate the 10th and 90th percentiles. No

species from six ungrazed communities in the Xilin River whiskers are shown for groups with10 species. Abbreviations
ffor life forms: AB, Annuals and biennials; PF, Perennial forbs; PG,

Basin, e§%e;:|ally goOrGI(?[af 1z;r§2n?nd flfggf q[ryfmas_slf Lea Perennial grasses; SS, Shrubs and semi-shrubs. Abbreviations for
aréa varied from 0. 0 COetlicient ot variation o e ecotypes: X, Xerophytes; MX, Meso-xerophytes; XM, Xero-

(C\_/):181%], with an average of 6.25 émleaf _dry MasS  mesophytes; M, Mesophytes; and HH, Hygrophytes and hygro-
varied from 0.0003 to 0.771g (CV=163%), with an aver- nesophytes.

age of 0.047 g; and specific leaf area (SLA) ranged from 47
to 679cnf g1 (CV=46%), with an average of 141 émg1
(supplementary material S1, setp://www.biogeosciences. 3.2 Leaf level trait responses to grazing
net/7/1117/2010/bg-7-1117-2010-supplemen}.zigener-
ally, SLA showed low intra-variation but high inter-variation Among three vegetation types examined, there were 45
among life forms and water ecotypes (Fig. 1). The SLA shared species at the ungrazed and grazed sit€s ap-
differed significantly among four life formsA(< 0.0001). pendiculatameadow, 55 shared species $1 baicalensis
Annuals and biennials had much higher SLA than peren-meadow steppe, and 88 shared species in the typical steppe
nial forbs, perennial grasses, and shrubs and semi-shrulfge., L. chinensis S. grandis C. microphyllg andA. frigid
(Fig. 1). SLA also varied substantially among five water communities). On average, leaf area and leaf dry mass for
ecotypes P < 0.0001). Hygrophytes and hygro-mesophytes 56% of the species present in the six communities were sig-
had much higher mean SLA than those mesophytes and xeraificantly decreased by grazin@ (< 0.05), with 24% of the
mesophytes, with meso-xerophytes and xerophytes showingpecies exhibiting an significant increage< 0.05) and the
the lowest mean SLA (Fig. 1). other 20% species showing no change in both leaf area and
We further examined the responses of SLA to grazing forleaf dry mass (Fig. 2). Among the six communities, leaf area
112 species present at the ungrazed and grazed sites acra@sd leaf dry mass for 57-86% of species in the typical steppe
six communities. Among four life forms, SLA for 11 of 19 and 62-85% of species in the meadow were diminished by
annuals and biennials were increased, while 5 of 8 perengrazing (Fig. 2). In the meadow steppe, however, changes
nial grasses were decreased by grazing, sudh akinen-  in leaf area and dry mass were relatively balanced among
sis S. grandisandAgropyron cristatumwhich are the dom-  three distinct response groups; leaf area and dry mass in 26%
inant species in the typical steppe. For perennial forbs, reof species decreased, both increased in 36% of species, and
sponses of SLA were relatively balanced among the thredoth remained unchanged in 24% of species (Fig. 2).
groups, 28 of 81 species increased, 25 species decreased,On average, SLA also showed a relatively balanced pro-
and 28 species remained unchanged. Among water ecgortion of response among the three groups across six com-
types, for hygrophytes and hygro-mesophytes, SLA in 3 ofmunities; that is, grazing increased SLA in 37% of the com-
8 species increased and 5 species remained unchanged. Slmdon species, decreased it in 35%, and had no effect on it in
for most of mesophytes and xero-mesophytes was either in28% of the species (Fig. 2). I8. appendiculataneadow,
creased (27) or remained unchanged (18). For xerophytethe SLA for 51% of the species was increased by grazing. In
and meso-xerophytes, 23 of 50 species were diminished, 1éhe typical steppe communities, however, the SLA for 50%
species were enhanced, and 11 species remained unchangefithe species was decreased by grazing (Fig. 2). Again, the
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3.3 Species level leaf trait responses

EEm Decreased
3 Increased
Em Unchanged

120 1 (@)

In the C. appendiculataneadow, leaf area and leaf biomass
for 1 of 13 species were significantly increased by grazing,
with other 12 species being unchanged (Fig. 3). In$he
baicalensismeadow steppe, leaf area and leaf biomass for 5
of 22 species were significantly diminished by grazing, and
both remained unchanged for the other 17 species (Fig. 3).
As compared with the meadow and meadow steppe commu-
nities, the negative effects of grazing on leaf area and leaf
biomass of dominant and common species were greatest and
most consistent in the typical steppe communities, i.e., 5 of
12 species fok. chinensisccommunity, 5 of 7 species 3.
grandiscommunity, 5 of 8 species faZ. microphyllacom-
munity, and 3 of 7 species fé. frigid community (Fig. 3).

For different vegetation types, we further examined the re-
lationship between leaf area response and leaf number re-
sponse. The results showed that leaf area response was neg-
atively correlated with leaf number responge =€ 0.006),
when all 69 common species present at both grazed and
ungrazed sites in six communities were pooled together
(Fig. 4). In theC. appendiculataneadow, leaf area response
was negatively correlated with leaf area response among 8
common species occurred at both grazed and ungrazed sites
(P =0.018) (Fig. 4). InS. baicalensisneadow steppe, a
significantly negative relationship was also found between
the leaf area response and leaf humber response among 22
shared speciesP(= 0.035, Fig. 4). There was no signifi-
cant relationship between leaf area response and leaf num-
ber response among 34 species present at both ungrazed
and grazed sites across the four typical steppe communities
(P =0.065). However, when the species were divided into

Community type two groups based on leaf area and leaf biomass responses
to grazing (i.e., both increased or decreased and both un-
Fig. 2. Percentages of species categorized as three groups based ghanged), leaf number response was still negatively corre-
responses of leaf arda), leaf masgb), and specific leaf areg) lated with leaf area responsg & 0.038) among 14 species,

to grazing in six grassland communities. Abbreviations: C&#iex — for which both leaf area and leaf biomass were not affected
appendiculataneadow; SbhStipa baicalensisneadow steppe; Lc, by grazing (Fig. 4)

Leymus chinensiypical steppe; SgStipa grandistypical steppe;
Cm, Caragana microphyllatypical steppe; AfArtemisia frigida
typical steppe. XRB denotes the percentage of species averag
over the six communities in the Xilin River Basin.

Percentage of leaf area group (%)

(b)

Percentage of leaf mass group (%)

Percentage of specific leaf area group (%)

XRB Ca Sb Lc Sg Cm Af

o4 Plant functional group level leaf trait responses

At plant functional group level, responses of SLA, leaf area,
and leaf biomass were relatively consistent in typical steppe
proportions of the three response groups were almost baleommunities than meadow and meadow steppe communities,
anced in thes. baicalensisneadow steppe, with 36% of the and the magnitude of these changes were generally greater
species illustrating increased SLA, 36% of the species showfor perennial grasses and perennial forbs than the other two
ing unchanged SLA, and the other 27% of the species exfife forms (Fig. 5). In theC. appendiculataneadow, SLA
hibiting decreased SLA (Fig. 2). On the whole, grazing hadfor three available life forms remained unchanged, while
more negative effects on leaf area and dry mass than SLA ajrazing diminished leaf area and leaf biomass of perennial
the leaf level, and it had more negative effects on species leajrasses and had no effect on both leaf area and leaf biomass
traits in typical steppe than in meadow and meadow steppe.of the other life forms (Fig. 5). Ir8. baicalensisneadow
steppe, SLA of perennial grasses and perennial forbs was
significantly decreased while SLA of annuals and bienni-
als and shrubs and semi-shrubs remained unchanged, though
leaf area and leaf biomass of four life forms were generally
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Fig. 3. Effects of grazing on leaf area and leaf biomass of dominant and common species in the six comm@ji@esappendiculata
meadow;(b) S. baicalensisneadow steppéc) L. chinensigypical steppe(d) S. grandistypical steppe(e) C. microphyllatypical steppe;

(f) A. frigida typical steppe. The species were ranked based on their relative biomass. Avg denotes the average leaf trait value of dominant
and common species in each community. *, ** and *** denote significant differenée<a.05, P < 0.01, andP < 0.001, respectively.

Columns without asterisk denotations indicated that there was no significant difference between the ungrazed and grazed sites. The erro
bars are mean+SE.

unaffected by grazing (Fig. 5). In the typical steppe, SLA and leaf biomass of perennial forbs in three of four communi-
for three of four life forms except shrubs and semi-shrubsties (except. chinensisommunity) were decreased by graz-
was mostly reduced by grazing, although responses of leaing. For annuals and biennials and shrubs and semi-shrubs,
area and leaf biomass were inconsistent across different liféeaf area and leaf biomass remained unchanged, except for
forms and communities (Fig. 5). Specifically, leaf area andthe annuals and biennials in ti$e grandiscommunity and

leaf biomass of perennial grasses were significantly reducethe shrubs and semi-shrubs lin chinensiscommunity in

by grazing in two communitiesS( grandisand C. micro-  which leaf area and leaf biomass were diminished by gazing
phylla), but both were not affected in the other two commu- (Fig. 5).

nities, i.e. L. chinensisandA. frigida (Fig. 5). Both leaf area
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3.0 Our results also showed that there were statistically signif-
(a) icant positive relationships between the leaf area responses
2.0 1 and aboveground biomass responses for all life forms (e.g.,
104 perennial grasses, perennial forbs, annuals and biennials, and
_ shrub and semi-shrubs) and water ecotypes (e.g., xerophytes,
g 00 meso-xerophytes, xero-mesophytes, and mesophytes) across
‘_ET the six grassland communitie® (< 0.05; Fig. 7). Our re-
g 101 sults further revealed that the positive effect of grazing on
£ 20 ®  Meadow o o leaf traits was found only for perennial grasses and shrub
c .04 O Meadow steppe v . . .
5 v Typical steppe _and semi-shrubs in the meadow steppe, and perennial forbs
4 30 . . : . in the meadow (Fig. 7). Among the water ecotypes, the pos-
§ 15 -1.0 -5 0.0 5 1.0 itive effect of grazing on leaf traits was found only for xero-
E"’ 3.0 o mesophy.tes in theF.typi7caI steppe, with others showing the
g 20 4 ° negative impacts (Fig. 7).
E 10 4 .® o : .’ . 3.5 Community level leaf trait responses
5 00 - M At community level, we found that leaf area index, leaf
o ) g. g biomass, and SLA were generally unaffected by grazing
-1.0 1 o0 across meadow and meadow steppe communities, except for
20 - ® % © the SLA of S. baicalensizsommunity (Fig. 8). In contrast,
leaf area index, leaf biomass, and SLA were all significantly
-3.0 : : . . . reduced by grazing across four typical steppe communities
20 -15 -10 -5 00 5 1.0 (Fig. 8). The magnitude of these changes was greater in leaf
Ln(Leaf area,.,/Leaf area, ,ocq) area index and leaf biomass than SLA, and the impacts were

larger inL. chinensisS. grandis andC. microphyllacom-

Fig. 4. The relationships between responses of leaf area and Iea[P1unltles thgnA. frigida Commun'_t),/' When averageq over.
number per individual for dominant and common species within t€ four typical steppe communities, the leaf area index in
each vegetation typ@) and over all vegetation typgs). Datawere  the grazed sites decreased by 57%, leaf biomass decreased
transformed with the natural logarithm before regression analysis tdy 48%, and SLA decreased by 16%, compared to those in
improve the normality. the ungrazed sites.

3.6 Relationships between plant community and soil
Similarly, response patterns of SLA, leaf area, and leaf properties
biomass were generally more consistent in the typical steppe
than the meadow and meadow steppe, and the grazing it the community level, leaf area index was positively corre-
pacts were greater in magnitude on xerophytes and mesdated with leaf biomass across all ungrazed< 0.0021) and
xerophytes than others among five water ecotypes (Fig. 6)9razed ¢ =0.0002) communities in the Xilin River Basin
In the C. appendiculatameadow, leaf area, leaf biomass, (Fig-9). Moreover, standing aboveground biomass was posi-
and SLA of five water ecotypes remained largely unchangedively correlated with leaf area index (for ungrazed sites;
(Fig. 6). In theS. baicalensisneadow steppe, grazing signif- 0-0020; for grazed sites? < 0.0001) and SLA (for ungrazed
icantly reduced SLA of meso-xerophytes, xero-mesophytessites,P =0.0047; for grazed sites? =0.0113). For the un-
and mesophytes, enhanced leaf area and leaf biomass of xgrazed communities, the leaf area index, leaf biomass, SLA,
rophytes, diminished leaf area and leaf biomass of meso@nd standing aboveground biomass were all positively corre-
xerophytes, had no effects on xero-mesophytes, and ddated with field holding capacity, soil porosity, soil organic
creased leaf area of mesophytes (Fig. 6). Across four typi£arbon, soil total nitrogen and phosphorus, but negatively
cal steppe communities, leaf area, leaf biomass, and SLA oforrelated with soil bulk density (Table 2). However, we
Xerophytes and meso_xerophytes were most|y diminished by)und that all soil properties examined were not Signiﬁcantly
grazing; while those of the xero-mesophytes and mesophyteaffected by grazing across six communitigsx 0.05), and
were largely unaffected, except f8r grandiscommunity in ~ the responses of plant community properties were also not
which leaf area, leaf biomass, and SLA of xero-mesophytessignificantly correlated to those of soil properties (Table 2).
were all reduced by grazing (Fig. 6). SLA of mesophytes
in L. chinensisandS. grandiscommunities was also signifi-
cantly decreased by grazing (Fig. 6).

Biogeosciences, 7, 1117432 2010 www.biogeosciences.net/7/1117/2010/



S. X. Zheng et al.: Effects of grazing on leaf traits and ecosystem functioning 1125

PG 1.20 (a) | mmmm Ungrazed 120 (b) | s Ungrazed 300 (c) | s Ungrazed
—= Graze —= Grazed 240 + —= Graze
| Grazed | | Grazed
-90 1 | ns *** 90 | Sekk I hs
: I ns *kk 180 1 I
60 - ns *k FHK e
: * : 120 A : i NS X¥
i *
| 04 | 04 |
: 250 A : ns 240 : ns
I 200 | [ L |
| — | o180 - |
| 150 A | ~ ** *kk  kk
< | £ | € 120 A | * * ns
‘e | ) 100 | ne o |
~ | 4 ns| © 60 - |
£ | @ 50 | NS %k ** * o |
~ S 04 © 04
3 I E | ns *x w I ns
= I ns o I @ 280 I
© 30 A | s 15 4 | - |
Ei ' % I L2104 |
@ 20 | b 10 | ns E | *
-1 <V 7 *k
N : -l * I ns & 140 A *% I ns NSk¥x
| | » |
| | 70 |
I : 0 l
| | |
| | 150 - |
| | | NS %%%
| | | ns
| | 100 4 *kk | ns
| | | ns
: : o !
| | |

XRB Ca Sb Lc SgCm Af XRB Ca Sb Lc SgCm Af XRB Ca Sb Lc SgCm Af

Community type

Fig. 5. Effects of grazing on leaf arda), leaf biomasgb), and specific leaf arg@) of four life forms in the six communities. PG=Perennial
grasses; PF=Perennial forbs; AB=Annuals and biennials; SS=Shrubs and semi-shrubs. All symbols are derived as from Fig. 2 and Fig. 3.

Table 2. Relationships between plant community and soil properties across the six ungrazed and grazed communities.

Community Field holding  Soil bulk Soil porosity  Soil organic  Soil total Soil total
properties capacity (%)  density (g ci) (%) carbon (%)  nitrogen (%) phosphorus (%)
Ungrazed sitesi(= 6)

Leaf areaindex  0.937* —0.891* 0.886* 0.978** 0.980** 0.948**
(m2m~2)

Leaf biomass 0.874* —0.826* 0.820* 0.864* 0.892* 0.922**
(@m2)

Specific leaf 0.907* —0.852* 0.848* 0.985*** 0.975** 0.925**
area (cmg1)

Standing 0.916* —0.876* 0.872* 0.982*** 0.967** 0.897*
aboveground

biomass (g )

Grazed sitesi(= 6)

Leaf area index 0.321 0.248 —0.142 —0.565 —0.611 —0.592
Leaf biomass 0.426 0.229 —0.108 —0.561 —0.609 —0.591
Specific leaf area —0.342 0.423 —0.360 —0.593 —-0.617 —0.584
Standing 0.129 —0.120 0.011 —0.025 —0.056 —0.073
aboveground

biomass

The responses of plant community and soil properties to grazing were transformed with the natural logarithm before regression analysis to
improve the normality. *, **, and *** denote the correlation coefficients are significar® at0.05, P < 0.01, andP < 0.001 (2-tailed),
respectivelyn = number of communities.
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Fig. 6. Effects of grazing on leaf are@), leaf biomasgb), and specific leaf aregc) of five water ecotypes in the six communities.

X=Xerophytes; MX=Meso-xerophytes; XM=Xero-mesophytes; M=Mesophytes; HH=Hygrophytes and hygro-mesophytes. All symbols are

derived as Figs. 2 and 3.

4 Discussion

4.1 Patterns of leaf trait responses to grazing at

different organizati

onal levels

biomass were significantly affected (either increased or de-
creased) by grazing for only 8% of the common species, with
no dominant species being affected. At the plant functional
group level, the leaf area, leaf biomass, and SLA were gener-
ally unaffected by grazing for most of the life forms and wa-

To our knowledge, our study represents the first systemi€r ecotypes. Atthe community Ievgl,the leaf area index, Ieaf
atic examination of the effects of grazing on leaf traits andPiomass, and SLA remained consistently unchanged. This
ecosystem functioning using a multi-organization-level ap-indicates that, in the meadow, the effects of grazing on leaf
proach across a broad range of plant communities and Vegt_r_ans_ diminished progressively along the hierarchy of orga-
etation types in the Inner Mongolia grassland. Our find- Nizational levels.

ings demonstrate that the effects of grazing on leaf area, leaf In the typical steppe communities, however, the effects of
dry mass/biomass, and SLA differed substantially when scalgrazing on leaf traits were predominantly negative and the
ing up from leaf-level to species, functional group (e.g., life magnitude of these effects increased considerably at higher
forms and water ecotype types), and community levels. Inorganizational levels. At the leaf level, leaf area, leaf dry
the C. appendiculatameadow, for instance, leaf area, leaf mass, and SLA for more than 65% of species were decreased
dry mass, and SLA for more than 78% of species were ei-and only 17% of species were increased by grazing. At
ther significantly decreased or increased by grazing at thehe species level, leaf area and leaf biomass for 38% of the
leaf level. At the species level, however, leaf area and leakpecies, mostly the dominant species, were decreased, and

Biogeosciences, 7, 1117432 2010

www.biogeosciences.net/7/1117/2010/



S. X. Zheng et al.: Effects of grazing on leaf traits and ecosystem functioning 1127

20 6.0 T
(a) &« (a) | ns EE Ungrazed
10 oV E 5.0 1 : — Grazed
o
§ 00 v% °© E 404 |
B opo"™v 3 |
§ -1.0 + T 3.0 A |
£ o4 r |
6 -2.0 A © 20 A |
P4 v 2 .
< . © ns | ns ** s
'g -3.0 v @® Perennial grasses -] 10 - I O
3 O Perennial forbs e - | **
5 -4.0 1 v ¥ Annuals and biennials
g Vv  Shrubs and semi-shrubs
-8 ‘50 T T T T T T NA
Su -50 -40 -30 -20 -10 00 10 20 £
§ 60 2
w v @
8 4o ® 8
S £
2 S
o o]
2.0 1
° v ‘T *
c
3 0o & S
P ¥
[
3 < ns
S 2074 Y @ Xerophytes ‘® (c) :
ié— O Meso-xerophytes e 200 + |
a3 4.0 1 v Xero-mesophytes K |
v Vv  Mesophytes $ 1509 | Sk
-6.0 T T T T T © : *% Kk Kk g
60 -40 20 00 20 40 60 T 100 A |
o |
Ln(Leaf area,,, /Leaf area,,  ...q) % 50 - :
2 |
Fig. 7. The relationships between responses of the leaf area and & 0
aboveground blomas_s for dlffert_ar_lt life fornfs), and water eco- _ XRB Ca Sb Lc Sg Cm Af
types(b) across the six communities. Data were transformed with
the natural logarithm before regression analysis to improve the nor- Community type

mality.
Fig. 8. Effects of grazing on leaf area indéa), leaf biomasgb),
and specific leaf areg) at the community level. All symbols are

15% of the species increased by grazing. At the functionaldenvecI as from Fig. 2 and Fig. 3.
group level, the leaf area, leaf biomass, and SLA of the dom-

inant life forms (e.g., perennial grasses and perennial forbs? al and physiological attributes and ecosystem functioning.

and water ecotypes (e.g., xerophytes and meso-xerophyteéur study, however, provides some new insights into the trait

were decreased by grazing. At the community level, the leaf : : .
. ) ’ responses to grazing and linkages between changes in leaf
area index, leaf biomass, and SLA were all reduced substan- P g 9 9 9

"raits and ecosystem functioning at different levels of orga-
tially by grazing. ForS. baicalensisneadow steppe, the re- y 9 g

t | v betw th q dt nization. Our general conclusions are also corroborated by
sponse patterns were largely between the meadow and Reo, o g recent studies, which proposed that aggregated trait
ical steppe communities across different organizational lev

| improved predictive power of ecosystem function (Cingolani
els. et al., 2005; Quested et al., 2007; Schumacher and Roscher,

These results clearly exhibit that the effects of grazing on2009) compared to the low predictability of simple traits
leaf traits are scale dependant and they may change with vegv/esk et al., 2004).

etation type or site conditions. This suggests that the multi-

organization-level approach used here provides more robust.2 Mechanisms underpinning leaf trait responses to

and comprehensive predictions on the effects of grazing on grazing

leaf traits and ecosystem functioning than previous investi-

gations using only one level of organization. Recent studiesSeveral mechanisms are likely to be responsible for the ob-
on plant functional trait have been focused mostly on leaf-served responses of leaf traits to grazing at different lev-
level traits (Oaz et al., 2001; Vesk and Westoby, 2001; Adler els of organization and among vegetation types. First, soil
et al., 2004) or community-level weighted traits (Cingolani properties, particularly soil water and nutrient availability,
et al., 2005; Quested et al., 2007; Schumacher and Roscheare two major factors driving the differential responses of
2009) to explore the effects of grazing on plant morpholog-leaf traits to grazing between the meadow and typical steppe

www.biogeosciences.net/7/1117/2010/ Biogeosciences, 7, 1132-2010



1128 S. X. Zheng et al.: Effects of grazing on leaf traits and ecosystem functioning

6.0 et al.,, 2009). Another recent study of ours also suggested
(a) ® Ungrazed that high annual precipitation could substantially ameliorate
551 O Grazed Pe the negative effects of grazing on functional traits (i.e., leaf
? 50- P area, leaf dry mass and net photosynthetic rate).afhi-
% P2 nensis a dominant species in typical steppe (Zheng et al.,
5 497 2010). In addition, we found that soil properties, including
s 40 - field holding capacity, soil organic carbon, soil total nitrogen
- O/’/ and phosphorus contents, which were greatest in the meadow
3.5 4 O but lowest in the typical steppe, may also be attributable to
30 O ' . . the distinct responses of leaf traits between the two vege-
' 20 10 00 10 20 tation types; because soil properties, particularly soil mois-
Leaf area index ture and nitrogen, are tightly coupled in these ecosystems
® 65 (Bai et al., 2008, 2010). These findings are also consistent
£ (b) ® Ungrazed be with previous studies (Adler et al., 2004; Osem et al., 2004;
2 6.0+ O Grazed /Q Pakeman, 2004; Vesk et al., 2004; Schumacher and Roscher,
T 55 - 2009).
§ Second, the observed responses of leaf traits to grazing at
§’ 5.0 1 different levels of organization are largely governed by func-
2 45 tional trade-offs between plant traits. We hypothesized that
> & trade-offs between leaf size and number of leaves per indi-
£ 40 @ vidual (Kleiman and Aarssen, 2007) and between plant size
8 and density (Aarssen et al., 2006) could diminish the negative
@ 3'5_2 0 _1' 0 0'0 1'0 0 effects of grazing when scaling up from leaf-level to species,
’ " Leafareaindex ' functional group, and community levels. Our hypothesis is
" 65 partly supported by the negative relationship between the leaf
§ (c) ® Ungrazed area response and leaf number response for dominant and
S 6.0 - O Grazed common species across three vegetation types and within the
o e meadow and meadow steppe. In the typical steppe, the leaf
§ 551 ° size vs. number trade-off was only found among 47% of the
;5; 5.0 4 'e) common species. This is likely to be a potential mechanism
3 Cb" that species adopt increasing leaf number to compensate for
i 457 Q//O leaf area loss as leaf size reduces under the frequent grazing
£ 40 O disturbance. However, the trade-off between plant size and
c density was not observed in this study. In addition, we re-
» 35 - - - T T - cently revealed thakt. chinensisadopted the high regrowth
42 44 46 48 50 52 54 56 rate to compensate for the biomass loss by frequent graz-
Specific leaf area ing in the wet year, while adopted the low growth rate for

_ _ _ _ ) more conservative resource use in the dry year (Zheng et al.,
Fig. 9. Th(_e relationships betV\{een communlty-level. leaf attributes 2010). Our findings generally support the notion that func-
and standing aboveground biomass across the six ungrazed and,, .| rade-offs among plant traits within a species may pro-
grazed communities. Data were transformed with the natural loga- . . 2 . . .
rithm before regression analysis to improve the normality. mote its survivorship with quctua}tlng environments (Grime,

2001; Westoby et al., 2002; Reich et al., 2007; Ordonez et
al., 2009).
communities. Water is a key factor limiting plant growth,  Third, the differentiation in avoidance (escape from graz-
species richness, productivity, and stability of grasslanders) and tolerance (regrowth capacity after defoliation) strate-
ecosystems (Sala et al., 1988; Knapp et al.,, 2001; Bai egies among coexisting species is likely to be responsible for
al., 2004, 2007, 2008). Our results revealed that growth rethe different responses among life forms and water ecotypes.
sponses following grazing were mediated by site conditions]n this study, both similar and different strategies were found
with slight positive responses in wetter sites, and negative reamong life forms and water ecotypes in terms of leaf-level
sponses in drier sites. These findings are corroborated by #ait responses to grazing. Leaf area and leaf dry mass of
previous study in the same area where the grazing impactmost species were decreased by grazing, indicating that they
on plant morphological traits (e.g., height, canopy size, andadopted an avoidance strategy to decrease the palatability and
individual biomass) and stem-leaf biomass allocation wereselectivity by herbivores ([az et al., 2001; Klimesova et al.,
strongly mediated by soil moisture, with species in the wet2008; Rusch et al., 2009). Specific leaf area, the ratio of leaf
meadow being less affected than in dry typical steppe (Rerarea to leaf dry mass, is relatively stable and closely related
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to photosynthetic physiology and relative growth rate, thus itaboveground biomass responses across the six communities.
could better reflect plant strategies (Shipley, 1995). AmongAt community level, leaf area index, leaf biomass and SLA
four life forms, we found that SLA of most perennial grasseswere all positively correlated with standing aboveground
was decreased, which might be responsible for the decreasdiomass across the ungrazed and grazed communities. This
leaf area and leaf biomass at functional group and comindicates that grazing induced changes in leaf area index, leaf
munity levels in the typical steppe dominated by perennialbiomass and SLA will definitely affect ecosystem function-
grasses. However, SLA of most annuals and biennials wagng, particularly, annual net primary productivity. Indeed,
increased by grazing, suggesting that annuals and biennialsur study suggested that leaf area index, leaf biomass and
adopt high SLA as a grazing tolerant trait. This might be theSLA in the typical steppe were all reduced by grazing, and
reason that leaf area and leaf biomass of annuals and bienntonsequently standing aboveground biomass was decreased
als were less affected by grazing at the functional group levelby 48% on average across the four communities. For the
Our findings support the point of view that annuals and bi- meadow and meadow steppe, leaf area index, leaf biomass,
ennials, being short-lived and mostly opportunists with highSLA, and standing aboveground biomass mostly remained
relative growth rate, are more tolerant to herbivory (Vesk etunchanged.
al., 2004). SLA of perennial forbs, in contrast, showed a di- Among four typical steppe communities, grazing-induced
vergent response to grazing. This is likely to be responsibledecrease in total biomass production is closely related to
for the least impact of grazing on leaf traits at both functional changes in leaf traits across different levels of organization.
group and community levels in the meadow, in which more Our results demonstrate that the magnitude of grazing im-
than 60% of species and 80% of the total leaf biomass wergacts on leaf traits increased at higher levels, suggesting that
composed of perennial forbs. the drivers may also change across the nested hierarchy of
It has been proposed that species with longer leaf life-spamrganizational levels. At leaf level, the response patterns of
generally have lower SLA, but greater investment in struc-leaf traits to grazing are mainly governed by the direct ef-
tural defense (Warren and Adams, 2000). In our study, leafects of grazing and site conditions. At species level, the
life-span, indicated by SLA, increased from annuals and bi-leaf traits responses are mediated primarily by the number of
ennials to perennial forbs, perennial grasses, and shrubs anéaves per individual, density of each species, and their inter-
semi-shrubs, implying annuals and biennials are more tol-actions with the direct effects of grazing on leaf-level traits.
erant whereas shrubs and semi-shrubs are more resistant @ur analysis indicates that the density of 35% of the domi-
grazing. This supports the hypothesis that there exists a funrant and subdominant species was decreased by grazing. At
damental trade-off between leaf productivity and persistencdunctional group and community levels, the grazing impacts
(Warren and Adams, 2000; Zheng and Shangguan, 2007; Hen leaf attributes are caused mainly by changes in dominant
et al., 2009). Our findings also showed that leaf area andpecies and functional groups. For example, the negative ef-
leaf biomass of xerophytes and meso-xerophytes, two domitects of grazing on leaf traits mostly occurred among domi-
nant water ecotypes in the meadow steppe and typical steppeant life forms (e.g., perennial grasses and perennial forbs)
were greatly decreased by grazing. However, grazing hadind water ecotypes (e.g., xerophytes and meso-xerophytes).
less impact on leaf area and leaf biomass of hygrophytesiMoreover, long-term overgrazing has led to shifts in domi-
hygro-mesophytes, and mesophytes, which dominate in th@ant species, particularly in the typical steppe, the original
meadow. SLA of most xerophytes and meso-xerophyteglominant speciek. chinensisandS. grandiswere replaced
were decreased by grazing, while SLA of mesophytes andy drought and grazing resistant specfescristatum C.
hygrophytes were mostly increased or unchanged, indicatingquarrosa andA. frigida. Our major findings are corrobo-
that species in the wet habitats are generally more tolerantated by previous studies in the same region (Li, 1988; Bai
to grazing. Our findings are corroborated by previous stud-et al., 2002; Auerswald et al., 2009) and beyond the Inner
ies that aridity appeared to favor grazing-avoidance traitsMongolia grassland (Anderson and Briske, 1995; Mcintyre
while grazing-tolerance traits increased with water availabil-and Lavorel, 2001; Pakeman, 2004; Semmartin et al., 2004;

ity (Adler et al., 2004, Cingolani et al., 2005). Diaz et al., 2007).
Our findings suggest that, compared to the remarkable
4.3 Linkage between changes in leaf traits and changes in leaf traits and standing aboveground biomass,
ecosystem functioning the soil properties were generally less unaffected by graz-

ing. Our study further illustrates that there were no signif-
Leaves, as important assimilation organs, are sensitive tdcant relationships between the plant community responses
environmental variables, i.e. GQ@oncentration, precipita- and soil property responses, indicating that effects of grazing
tion, temperature, and light (Mott et al., 1982), and hum- on soil properties may be subject to a time-lag compared with
man disturbance, such as grazing, clipping, and defoliatiorthe strong responses of plant traits and community attributes,
(Holechek et al., 2002). Our findings demonstrated thatwhich is consistent with the general findings from a meta-
for all life form and water ecotype functional groups, the analysis based on a worldwide 236-site data (Milchunas and
leaf area responses to grazing were positively correlated with.auenroth, 1993).
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5 Conclusions revealed by grazer wool carbon isotope composition, Biogeo-
sciences, 6, 795-805, 2009,

Current studies, which focused mostly on leaf-level traits or http://www.biogeosciences.net/6/795/2009/

community-level weighted traits, have difficulties in identi- Bai, Y. F., Zhang, L. X., Zhang, Y., and Chen, Z. Z.: Changes in

fying the mechanisms linking grazing impact on leaf traits to ~ Plant functioqal comppsiti_on along gradients of pre_cipitation and

ecosystem functioning. Using a multi-organization-level ap- temperature in the Xilin River Basin, Inner Mongolia, Acta Phy-

proach, our study demonstrates that the effects of grazing op t°€cologica Sinica, 26, 308-316, 2002. ,
. . Bai, Y. F., Han, X. G.,, Wu, J. G., Chen, Z. Z., and Li, L. H.: Ecosys-
leaf traits are scale dependant and they may change with veg- o : !
tem stability and compensatory effects in the Inner Mongolia

etation type or site conditions. Our analyqs indicates that the grassland, Nature, 431, 181-184, 2004.
ob;erveq response pattgrns are largely drlven by thrge ”_‘?C*Eai, Y. F., Wu, J. G., Xing, Q., Pan, Q. M., Huang, J. H., Yang, D.
anisms, i.e., d|ff_erences in soil water and nutrient availability | and Han, X. G.: Primary production and rain use efficiency
among vegetation types, functional trade-offs between leaf across a precipitation gradient on the Mongolia plateau, Ecology,
size and number of leaves per individual, and differentia- 89, 2140-2153, 2008.
tion in avoidance and tolerance strategies among coexistingai, Y. F., Wu, J. G., Pan, Q. M., Huang, J. H., Wang, Q. B., Li, F.
species. At both the functional group and community lev- S., Buyantuyev, A, and Han, X. G.: Positive linear relationship
els, standing aboveground biomass increased with leaf area between productivity and diversity: evidence from the Eurasian
and specific leaf area. Compared with the large changes in StéPpe. J- Appl. Ecol., 44, 1023-1034, 2007.
leaf traits and standing aboveground biomass, the soil propB" Y- F» WU, J. G, Clark, C. M., Naeem, S., Pan, Q. M., Huang,

. . - J. H., Zhang, L. X., and Han, X. G.: Tradeoffs and thresholds
erties were generally unaffected by grazing. Our findings : . L e

. 2 in the effects of nitrogen addition on biodiversity and ecosystem

demonstrate that the multi-organization-level approach used

) . functioning: evidence from Inner Mongolia Grasslands, Glob.
here seems to provide more robust and comprehensive pre- change Biol., 16, 358-372, 2010.

dictions on the effects of grazing on leaf traits and ecosystenthen, z. z.: Topography and climate of Xilin River Basin, in: Re-
functioning. search on Grassland Ecosystem, No. 3, edited by: Inner Mongo-
lia Grassland Ecosystem Research Station of Chinese Academy
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