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Impact of grazing regime on a Mongolian forest steppe 

Van Staalduinen, Marja A.*; During, Heinjo & Werger, Marinus J.A. 
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*Corresponding author; Tel. +31 302536839; Fax +31 302538366; E-mail m.a.vanstaalduinen@bio.uu.nl 

Abstract 
Question: What is the impact of grazing regime on plant spe- 
cies abundance, plant growth form, plant productivity and plant 
nutrient concentrations in a forest steppe? 
Location: Hustai National Park in the forest steppe region of 
Mongolia. 
Methods: On the Stipa steppe we applied three different grazing 
regimes by using; (1) one type of exclosure which excluded 
grazing by large mammalian herbivores, mainly takh (Przew- 
alski horse), (2) another type of exclosure that excluded both 
large and small (Siberian marmots) mammalian herbivores, 
and (3) control plots which were freely grazed. We measured 
species frequencies, tiller densities, plant biomass and nitrogen 
concentrations of the vegetation. 
Results: Exclusion from grazing by takh and marmots signifi- 
cantly increased plant standing crop, but marmot grazing and 
full grazing did not show significant differences. Protection 
from grazing decreased forage quality, shown by a lower N- 
concentration of the standing crop. However, this was solely 
the result of the lower live-dead ratio of the vegetation. The 
frequency of the rhizomatous Leymus chinensis decreased 
under reduced grazing, as did the frequency of the total of 
rhizomatous species. The frequency of Stipa krylovii increased 
under reduced grazing, as did its basal areas, tiller density and 
tussock height. 
Conclusion: Reduced grazing leads to a lower abundance of 
rhizomatous species and an increase in tussock species. 

Keywords: Equus przewalskii; Grassland; Grazing intensity; 
Growth form; Leymus chinensis; Nutrient concentration; Rhi- 
zomatous species; Species composition; Stipa krylovii; Takh. 

Nomenclature: Grubov (2001). 

Abbreviations: BA = Basal area; DCA = Detrended Corre- 
spondence Analysis; PRC = Principal Response Curve. 

Introduction 

Mammalian herbivores play a crucial role in the 
sustainability of natural grasslands through their influ- 
ence on the structural and functional properties of the 
ecosystem (Bakker et al. 1983; Detling 1998; Werger et 
al. 2002). On the semi-arid steppes of Mongolia there 
is a long history of grazing by large herbivores. In the 
forest steppe region, the vegetation of the typical Stipa 
steppe comprises of grasses that grow in tussocks, such 
as the caespitose Stipa krylovii, and grasses that grow 
with tillers along rhizomes such as Leymus chinensis 
(Elymus chinensis, Grubov 2001). See Hilbig (1995); 
Wallis de Vries et al. (1996). 

In studies on the vegetation of the Stipa steppe, Hilbig 
(1995), Femandez-Gimenez & Allen-Diaz (2001), Gunin 
et al. (1999) and Xie & Wittig (2003) observed that the 
caespitose Stipa is dominant at sites with a low or moder- 
ate grazing intensity, while at higher grazing intensity the 
rhizomatous Leymus chinensis and Carex duriuscula are 
more abundant. Hilbig (1995) distinguished two major 
subassociations and two grazing facies within the typical 
Stipa steppe. The Arctogeron gramineum subassociation 
occurs on exposed stony and rocky sites with a thin soil, 
while the Galium verum subassociation occurs on less dry 
sites and contains many species that are also found in the 
meadow steppe (Hilbig 1995). Under moderate grazing 
species of the typical Stipa steppe occur, such as Stipa 
krylovii, Agropyron cristatum, Poa attenuata, Potentilla 
acaulis and Cymbaria dahurica (grazing facies 1). Un- 
der severe grazing Stipa krylovii is replaced by Leymus 
chinensis and species such as Cleistogenes squarrosa, 
Carex duriuscula and Artemisia adamsii (grazing facies 
2) become dominant (Hilbig 1995). Comparable obser- 
vations were made in European grasslands (Pakeman 
2004) and in the North American prairies; the originally 
dominant tussock species were replaced by rhizomatous 
species when grazing pressure increased (Milchunas et 
al.1988; Mack & Thompson 1982). 

These findings suggest a higher grazing tolerance 
of the rhizomatous species. This could be due to the oc- 
currence of compensatory growth, which might mitigate 
the potential negative effects of defoliation (Anten et al. 
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2003). In a greenhouse experiment Leymus chinensis 
indeed had a much stronger compensatory growth after 

clipping than Stipa krylovii (van Staalduinen & Anten 
2005, see also Wang et al. 2004). The decline in tussock 

grasses after grazing could be due to fragmentation of 
individual plants; in the tussock grass Schizachyrium 
scoparium Butler & Briske (1987) found a reduction in 

plant basal areas and decreased tiller densities in response 
to herbivory. 

In plants grazed by herbivores the nitrogen concentra- 
tion of the shoots often increases with the intensity of 

grazing and with different types of grazing (Bakker et 
al. 1983; Detling 1999; Holland et al. 1992; Oesterheld 
1992). Differences in forage preference and grazing 
habit between large and small mammals have different 
effects on vegetation structure and composition and plant 
nutrient concentrations (Detling 1998; Olff & Ritchie 
1998). 

In studies on Mongolian steppes, differences in food 

preference between takh (Przewalski horse) and marmots 
have been reported (Anon. 1998-2001). We conducted 
an exclosure experiment on the Stipa steppe in Mongolia 
in which we examined the effects of three years exclu- 
sion of takh (Equus przewalskii) and Siberian marmot 

(Marmota sibirica) on plant species abundance, growth 
form, plant biomass and plant N-concentration. We ad- 
dress the following questions: if grazing of marmots or of 
marmots and takh is excluded, (1) does the abundance of 
rhizomatous species, and specifically Leymus chinensis, 
decrease; (2) does the abundance of tussock species, 
and specifically Stipa krylovii, increase; (3) is there a 
decreased fragmentation of the tussocks of Stipa krylovii; 
(4) do the shoots have a lower N-concentration? 

Methods 

Experimental site 

An exclosure experiment was carried out in Hustai 
National Park, 100 km west of Ulaan Baatar, Mongolia 
(47050'211 N, 106000'2" E). In Mongolia the climate is 
arid and continental (mean annual temperature +2 oC), 
with a short growing season in summer (from June to 
September) in which most of the precipitation falls 
(annual precipitation 296 mm in Hustai National Park). 
2002 was a very dry year with a total precipitation of 
166.9 mm and summer precipitation (May - September) 
of 111.0 mm. 2003 was a wet year with 334.9 mm total 
precipitation and 166.9 mm summer precipitation (Anon. 
2000-2002, 2003). 

Hustai National Park, situated in the forest steppe 
region of Mongolia, occupies 60000 ha at elevations 
ranging from 1100 to 1840 m a.s.1. Ca. 88% of the area 

is covered by grassland and shrub steppe and ca. 5% by 
birch-dominated forest. Native ungulates are free-ranging 
within the park and include takh (Equus przewalskii), red 
deer (Cervus elaphus), wild boar (Sus scrofa), roe deer 

(Capreolus capreolus), migrating Argali sheep (Ovis 
ammon) and Mongolian gazelle (Procapra gutturosa). 
The park also contains abundant populations of the Si- 
berian marmot (Marmota sibirica), an important rodent 
herbivore. Takh was re-introduced in Hustai National 
Park in 1992. 

A widespread grassland type in the park is the Stipa 
steppe, classified as the Thermopsis lanceolata-Stipa 
krylovii community (Wallis de Vries et al. 1996), and 
dominated by Stipa krylovii, while Thermopsis lanceo- 
lata, Poa attenuata and Koeleria macrantha are charac- 
teristic species of this community on kastanozems (dark 
brown soils). The vegetation cover ranges from 45 to 
90% with an average of 70%. Sites where the grazing 
intensity was rather high at the beginning of the experi- 
ment were selected using monitoring data of the takh 
and the Siberian marmots (Anon. 1998-2001). 

Design 

In June 2000, exclosures were built at four loca- 
tions on the Stipa steppe. All were chosen within the 

home-ranges of takh harems (areas where they gener- 
ally graze) and within the main local distribution area 
of the marmots. Treatments were: ungrazed (exclusion 
of both takh and Siberian marmots), marmot-grazed 
(exclusion of takh only) and fully grazed (control). For 
each treatment there were four replicates per location, 
which makes 12 plots on each location. Within a loca- 
tion, four transects at different elevations were selected 
at regular distances, and on each transect the treatments 
were distributed randomly. 

The exclosures were constructed with fences made of 
mesh wire (mesh size of 4 cm), and barbed wire around 
a 4 m x 4 m plot. Ungrazed plots were surrounded by 
a fence of 1.5 m high and the marmot-grazed plots by 
a fence of 1.5 m high, but open from 0 to 30 cm above 
the ground. The fully grazed plots had no fence. By 
excluding the takh and marmots, other large and small 
mammalian herbivores of the same size were excluded as 
well. Smaller rodents, like Brandt's vole (Lasiopodomys 
brandtii), Microtus brandtii and M. fortis were able to 
pass the mesh wire. 

To estimate grazing intensity of the takh at the dif- 
ferent locations we counted dung droppings on a 10 m 
x 40 m plot established in between the exclosure plots. 
The droppings of the takh, and occasionally of deer and 
cows, were counted and marked by painted sticks. After 
ca. 30 days the new droppings were counted and painted 
(during dry periods, the interval was 8 to 10 weeks). Lo- 
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cation 3 (37.1 droppings) had a higher grazing intensity 
than location 1 (17.8 droppings) and 4 (15.1 droppings). 
Between locations 1, 2 (23.2 droppings) and 4 there was 
no significant difference in grazing intensity (ANOVA 
with location as factor). 

Sampling 

In the last two weeks of July 2002 and 2003, the 

above-ground biomass was sampled by clipping a 50 cm 
x 1 m strip in each of the plots (every year a different 

strip was clipped). The vegetation was clipped at ground 
level and sorted to standing live biomass, standing dead 
biomass, and litter. The standing crop, being the sum of 

standing live and standing dead biomass, was determined 
as it is the forage herbivores graze on. The plants were 
dried in an oven at 70 oC for 48 h and weighed. 

In July 2003 also the below-ground biomass was 

sampled by taking root cores, 7.9 cm in diameter and 
12 cm deep, at three random locations along each strip 
immediately after clipping. These cores were washed 
over a 2 mm mesh screen to remove soil and dead or 

decayed material. After drying of all live material (roots 
and rhizomes combined) at 70 'C for 48 h, dry weight 
was determined. 

To determine soil characteristics soil cores with a 
diameter of 2.8 cm and 7 cm deep were taken in 2003. 

Below-ground plant parts were removed and the soil 
was oven dried at 70 oC for 48 h. Total organic nitrogen 
concentrations in the standing live biomass, standing 
dead biomass, litter, roots and soil were determined af- 
ter Kjeldahl digestion using a continuous flow analyzer 
(SKALAR, Breda, The Netherlands). 

In the first half of July 2002 basal areas and tiller 
densities of Stipa tussocks were determined in a 1-m2 
plot inside each of the 4 m x 4 m plots of the ungrazed 
treatment and fully grazed treatment. The diameter of 
each tussock was measured in two directions and used 
for calculating the basal area, assuming an ellipse shape 
of the tussock. In a 2 cm wide strip in the centre of the 
tussock the number of live tillers was counted and the 
tiller density per cm2 determined. The number of tillers 
per tussock was estimated by multiplying the tiller density 
by the basal area of the tussock. 

In a 1-m2 permanent plot inside the exclosure and 
control plots measurements of species frequencies were 
taken once in the growing season in the second and third 
week of August 2001, 2002, and 2003. Using a 1 m x 1 
m grid divided into 10 cm x 10 cm sections which was 
laid on the vegetation, the total number of sections was 
counted in which a certain species was present. Frequen- 
cies of all the species were recorded. 

Statistical analysis 

Data were analysed with the statistical package SPSS 
10.0 for Windows (SPSS Inc. Chicago, Illinois, USA). A 
GLM repeated measures was used to analyse the overall 
effects and the interactions between factors (year df = 
1, grazing df = 2, location df = 3) on data of biomass, 
N-concentrations and species frequency. With apost hoc 
multiple comparison test and a contrasts test, on which 
a Bonferroni correction was applied, the differences 
between the means were tested. In cases where data 
from only one year was available, a one-way ANOVA 
was used to test the significance of the effect of grazing. 
With ax2 test the effect of grazing on size distribution of 
Stipa tussocks was analysed. Differences were considered 

significant at P < 0.05. 
To analyse the effects of the grazing treatments on 

the overall composition of the vegetation, we performed 
a detrended correspondence analysis (DCA) (untrans- 
formed) with species frequency data (2003) (Jongman et 
al. 1995), using the statistical package CANOCO 4.5 (ter 
Braak & Smilauer 2002). A Principal Response Curve 
analysis (PRC) was first carried out on species to show 
the change in abundance in the treatments relative to 
the control. Because the interpretation was difficult, we 
classified the species into functional and sociological 
groups. We distinguished the functional groups herb, 
shrub, cushion growth form, tussock graminoids and 
rhizomatous graminoids. Based on the phytosociologi- 
cal analysis of the Mongolian steppes by Hilbig (1995), 
the species were also classified into four sociological 
groups representing the two major subassociations and 
two grazing facies of the typical Stipa steppe described 
before. 

We constructed a matrix of samples against the 
functional and sociological groups (Pakeman 2004) 
and conducted a PRC on this matrix. Log-transformed 
species data of 2001, 2002 and 2003 were used. 

Results 

Biomass and grazing regime 

Grazing clearly had a significant effect on the standing 
live biomass, standing dead biomass, live/dead ratio and 
litter of the vegetation in the plots at the time of harvest. 
As expected the fully grazed plots had significantly 
less standing live biomass (5 to 35% lower) than the 
ungrazed plots (Fig. la, b, Tables 2 and 3). However, 
no significant difference in biomass was found between 
the fully grazed and marmot-grazed plots (Table 3). 
Standing dead biomass was higher in the ungrazed than 
in the marmot-grazed (30 to 50% higher) and the fully 
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Fig. 1. Mean and standard error of (a) standing live biomass, 
(b) standing dead, (c) standing crop, the mean N-concentration 
in (d) standing live biomass, (e) standing dead and (f) standing 
crop of the vegetation of the ungrazed, marmot grazed and fully 
grazed treatment in 2002 and 2003. 

Table 1. Mean and SE of root mass, root N-concentration and 
soil N-concentration of the fully grazed, marmot grazed and 
ungrazed treatment in 2003. Means followed by a different 
letter within the same row are significantly different, as results 
from analysis of variance (One-way-ANOVA) with treatment 
as factor (df = 2) (P < 0.05). 

Fully grazed Marmot grazed Ungrazed 

Roots (g/m2) 548.1 (68.2) a 475.1 (37.3) a 555.5 (67.0) a 
Root N (mg/g) 9.5 (0.3) a 9.3 (0.5) a 9.15 (0.3) a 
Soil N (mg/g) 2.47 (0.0) a 2.49 (0.1) a 2.53 (0.1) a 

grazed plots (60 to 65% higher) (Fig. Ib, Table 3). Also 
a significant effect of grazing regime was found; the 

marmot-grazed plots had more standing dead material 
(30 to 40% higher) than the fully grazed plots. 

In the dry year of 2002 the amount of standing dead 
material in all the plots was significantly higher than in 
the wet year 2003 (Fig. lb, Table 2 and 3). From May 
till September in 2003 the precipitation was about three 
times more than in the same period in 2002 (see Methods). 
As a consequence of the stronger increase after reduced 

grazing in standing dead material than in standing live 
material, there was a significantly lower live/dead ratio 
of the standing crop (live and dead material) on the 

ungrazed plots (2.4 in 2002, 2.2 in 2003) than on the 

fully grazed plots (3.5 in 2002, 6.09 in 2003) (Fig. Ic, 
Table 3). There was no significant difference in live/dead 
ratio between the fully grazed and marmot-grazed plots. 
No significant difference was found in the amount of 

Table 2. P-values of a repeated measures (test of within- 
subjects effects) with standing live biomass, standing dead, 
standing crop, live/dead ratio, litter, standing live biomass N- 
concentration, standing dead N-concentration, standing crop 
N-concentration, Stipa frequency, Leymus frequency, Carex 

frequency, bunchgrass frequency and rhizomatous graminoids 
frequency as variables and year (df = 1), grazing (df = 2) and 
location (df = 3) as factors, df = 10 for the error term. No sig- 
nificant interactions of grazing x location, year x grazing or year 
x grazing x location for the variables were found, except for a 

significant interaction of year x grazing for Leymus frequency. 
* indicates significant effects at p < 0.05. 

Year Year x loc Grazing Loc 

Standing live biomass 0.259 0.003* 0.015* 0.316 
Standing dead 0.003* 0.116 0.000* 0.101 
Standing crop 0.437 0.054 0.000* 0.243 
Live/dead 0.001* 0.002* 0.000* 0.037* 
Litter 0.193 0.001* 0.016* 0.005* 
Standing live biomass N 0.000* 0.162 0.383 0.121 
Standing dead N 0.000* 0.368 0.237 0.225 
Standing crop N 0.000* 0.395 0.010* 0.011* 
Stipa frequency 0.837 0.845 0.028* 0.019* 
Leymus frequency 0.001" 0.839 0.009* 0.651 
Carex freqeuncy 0.000* 0.476 0.176 0.922 
Bunchgrass frequency 0.253 0.828 0.477 0.090 
Rhizomatous gram. freq 0.000* 0.010* 0.030* 0.022* 
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litter between the ungrazed plots (40.2 g.m-2 in 2002, 
36.3 g.m-2 in 2003) and the fully grazed (31.9 g.m-2 in 
2002, 22.1 g.m-2 in 2003) or between the ungrazed and 
marmot-grazed plots (37.1 g.m-2 in 2002, 33.2 g.m-2 in 
2003) (Table 3). There was only a significant difference 
between the fully grazed plots and marmot-grazed plots. 
Grazing did not have an effect on root biomass (Table 1). 

Nitrogen concentrations 

The N-concentrations of the standing live biomass, 
standing dead biomass and standing crop were significantly 
affected by year (Table 2). In the wet 2003 the N-concen- 
trations were higher than in dry 2002 (Fig. Id-f, Table 2, 
see Methods). Although there was no effect of grazing 
on the N-concentrations of the standing live biomass 
(standing live N) and the standing dead biomass (stand- 
ing dead N) separately, there was a significant grazing 
effect on the N-concentrations of the forage, being the 

standing crop (standing live and standing dead biomass, 
standing crop N) (Table 2). The fully grazed plots had 

significantly higher N-concentrations of standing crop 
than the ungrazed plots (Fig. If, Table 3). Grazing did not 
affect root N-concentrations and soil N-concentrations 
(Table 1). 

Shift in species composition 

The frequency of the tussock grass Stipa krylovii in 
the plots was significantly affected by protection from 

grazing (Table 2). The higher frequency of Stipa in the 

ungrazed plots compared to the marmot-grazed plots 
was almost significant (p = 0.057) (Fig. 2a, Table 3). 
For the rhizomatous Leymus chinensis an interaction 
was found between year and grazing (Fig. 2b, Table 2) 
which means that the effect of grazing depended on the 

Table 3. P-values of contrasts (repeated measures, tests of 
within-subjects contrasts) between the means per grazing 
treatment: Fully-, Marmot- and Ungrazed for 12 variables for 
the years 2002 and 2003 together. A Bonferroni correction was 
applied. * indicate significant effects p < 0.05. 

Fully Fully Marmot Full +Marm 
vs Marmot vs Un vs Un vs Un 

Standing live biomass 0.711 0.006* 0.056 0.015* 
Standing dead 0.007* 0.000* 0.000* 0.000* 
Standing crop 0.132 0.000* 0.003* 0.000* 
Live/dead 0.025 0.003* 0.013* 0.002* 
Litter 0.009* 0.029 0.579 0.111 
Standing biomass N 0.477 0.523 0.177 0.210 
Standing dead N 0.716 0.212 0.111 0.094 
Standing crop N 0.486 0.015* 0.032 0.015* 
Stipa frequency 0.036 0.486 0.019 0.093 
Carex frequency 0.848 0.122 0.063 0.036 
Bunchgrass frequency 0.335 0.697 0.264 0.432 
Rhizomatous gram. freq. 0.389 0.130 0.001* 0.003* 
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Fig. 2. Mean and SE of (a) Stipa frequency, (b) Leymus frequen- 
cy, (c) bunchgrass frequency and (d) rhizomatous graminoids 
frequency of the vegetation of the ungrazed, marmot grazed 
and fully grazed treatment in 2002 and 2003. Different capitals 
above the bars in (b) indicate significant differences between 
the treatments within the year. 

year. While in 2002 there was no effect of grazing, the 
frequency of Leymus in 2003 was lower in the ungrazed 
plots compared to the marmot-grazed plots (Fig. 2b). For 
Carex duriuscula, another rhizomatous species, there was 
no grazing effect on the frequency in the plots (Table 2). 
Yet there was an effect of year. In the wet summer of 
2003 (see Methods) the frequency of Carex (54.3) was 
higher than in 2002 (29.2) (Table 2). The frequency of the 
group of tussock grasses (total of frequencies of tussock 
grass species) was not affected by grazing or any other 
factor (Fig. 2c, Table 2). 
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Fig. 3. Site scores (a) per location; (b) per treatment of a 
Detrended Correspondence Analysis (DCA) with species 
frequency data of 2003. 

For the rhizomatous species group, there was a 

significant grazing effect on their frequency (total of 

frequencies of rhizomatous species) (Table 2) with a 

significantly higher frequency in the marmot-grazed 
plots than in the ungrazed plots (Fig. 2d, Table 3). They 
also had a higher frequency in the total of fully grazed 
and marmot-grazed plots than in the ungrazed plots. 

After three years of exclusion the first two ordination 
axes of a Detrended Correspondence Analysis (DCA) of 
the species data (2003) are still completely determined 

by the differences between locations (Fig. 3a). For the 
site scores per grazing treatment however, no pattern 
was found (Fig. 3b). The Principle Response Curve 

analysis (PRC) of functional and sociological species 
groups showed that the highest response to treatment 
was shown by species characteristic of the Arctogeron 
subassociation and the moderate grazing facies, and by 
herbs (Fig. 4). These species increased in abundance 
when grazing was removed, but declined when grazing 
increased. A similar, but smaller, response was shown 

by species from the Galium verum subassociation and 
the tussock graminoids. Species characteristic of the 

severely grazed facies and from the rhizomatous grami- 
noids showed the opposite behaviour. The scores of the 
cushion and shrub functional groups are close to zero, 
which means that they had not (yet) responded to the 

change in grazing regime. 

Table 4. Means of tussock frequencies, basal area (BA) es- 
timates and tiller densities of Stipa krylovii tussocks on fully 
grazed (n = 16) and ungrazed (n = 16) plots (lm x 0.5m). # 
With a X2 test a significant grazing effect on the distribution of 
small and large tussocks within a plot was shown (P < 0.05). 
* Data were square-root transformed to perform an ANOVA. 
Means followed by a different letter within the same row are 
significantly different (P < 0.05). 

Fully grazed Ungrazed 

Tussock frequencies 
Small tussocks (BA < 25 cm2) 146# 139# 
Large tussocks (BA > 25 cm2) 27# 56# 
Total tussocks 173a 195a 

Basal areas 
Basal area (cm2) / tussock * 12.12a 19.46b 
Total basal area (cm2) /plot* 142.13a 273.93b 

Tiller numbers and densities 
Tillers / tussock 40.82a 52.76a 
Tillers/ (cm2) BA 5.13a 6.19a 
Tillers / plot* 458.25a 742.68b 

Tussock size and tiller density of Stipa krylovii 

Grazing did not affect the total number of Stipa kry- 
lovii tussocks in the plots. Reduced grazing however, 
increased the proportion of large (BA > 25 cm2) and 
decreased the proportion of small tussocks (BA < 25 cm2) 
(Table 4). Individual tussock basal area and total basal 
area per plot were significantly increased by reduced 

grazing (Table 4). No significant effect of protection 
from grazing was found on the tiller density or on the 
number of tillers per tussock. 

Discussion 

The exclusion of large herbivores and small herbi- 
vores led to a higher plant standing crop in the plots. 
Grazing seemed to 'rejuvenate' the vegetation, as we 
found a much lower amount of standing dead material 
in the grazed plots than in the ungrazed plots. As a con- 

sequence, the live-dead ratio of the vegetation was much 

higher in the grazed plots. Also the forage quality was 
better under grazing. This seems solely to be the result 
of the higher live-dead ratio of the vegetation, as the 

standing live biomass had much higher N-concentrations 
than the standing dead biomass, and N-concentrations 
in either fraction were not affected by grazing. Nor did 
we find higher N-concentrations in the roots or the soil 
under grazing. Contrary to the findings of Holland et al. 
(1992), who found an increased N-mineralization and 

N-availability leading to higher N-concentrations in the 

standing live biomass, our results indicate that the better 
forage quality did not result from a higher N-availability 
in this short-term experiment. Weather conditions, how- 
ever, seemed to affect the N-availability for the plants, 
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Fig. 4. Principle response curve (log-transformed) 
indicating the effects of the ungrazed and marmot 
grazed treatments compared with the fully grazed 
treatment (scores on x-axis) on functional and so- 
ciological species groups by sites. Attribute codes 
are: gram tus = tussock graminoids; gram rhi = 
rhizomatous graminoids; herb grf = herbaceous 
growth forms; shrub grf = shrub growth forms; 
cushions = cushion growth forms; subass. A = 
Arctogeron subassociation; subass. G = Galium 
verum subassociation; facies 1 = moderate grazing 
facies; facies 2 = severe grazing facies; assign- 
ment of species to sociological groups based on 
Hilbig (1995). 
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with higher N-concentrations in the standing live and 
dead biomass in the wet year 2003. Presumably a higher 
moisture content of the soil resulted in an increased mi- 
crobial activity, a higher N-mineralization and thereby 
a higher N-availability for the plants. 2003 was also 
one more year of succession and thus differentiation 

among treatments could have taken place, leading to 
the significant difference between the fully grazed and 

ungrazed treatment. 

Although grazing was significantly lower under full 

grazing, root biomass was not affected. This is consist- 
ent with the results of Ferraro & Oesterheld (2001) 
who analysed the responses of some 40 grass species 
to defoliation and reported a large negative effect on 
standing live biomass and just a minimal effect on root 
biomass. However, in a greenhouse experiment with 

Stipa and Leymus (van Staalduinen & Anten 2005) a 

large defoliation effect on root biomass was found. 
Ferraro & Oesterheld (2001) found that plants grown at 
high nitrogen levels were more negatively affected by 
clipping than plants at low nitrogen levels. Comparing 
the responses of individual plants (Ferraro & Oesterheld 
2001) with responses at ecosystem level (Oesterheld et 
al. 1999), the effects of defoliation on individual plants 
were much more negative. This can be explained by the 
fact that plants in pot experiments are often grown under 
high nitrogen levels, while plants in grazing ecosystems 
generally experience nitrogen limitation. 

As was hypothesized, our results did show a lower 
frequency of the rhizomatous Leymus chinensis under 
reduced grazing, as well as a lower total frequency of 
rhizomatous species. This is in accordance with studies in 
North American prairies (Milchunas et al. 1988; Mack & 
Thompson 1982), where high grazing pressure increased 
the rhizomatous species and decreased the tussock spe- 
cies. The increased frequency of Leymus and its higher 

grazing tolerance can be attributed to a much stronger 
compensatory growth in Leymus after defoliation than 
in Stipa, as was shown in a greenhouse experiment (van 
Staalduinen & Anten 2005): higher compensatory growth 
in Leymus mainly resulted from a higher assimilation 
rate and the reallocation of stored carbohydrates from its 
rhizomes. In our exclosure experiment Leymus seemed to 
benefit more from grazing in the wet year of 2003 than in 
the dry year 2002, as its frequency increased more in the 
grazed plots in 2003 (Fig. 2b). For Stipa the frequencies 
remained the same in the two years. This is in accordance 
with van Staalduinen & Anten (2005), who found that in 
Leymus there was more compensatory growth under wet 
than under dry conditions, while in Stipa compensation 
was decreased under wet conditions. 

In our exclosures we found a marginally significant 
increase in the frequency of Stipa krylovii, but no increase 
in the frequency of all the tussock grasses after reduced 
grazing. However, we found extended basal areas, higher 
tiller densities and a shift to taller tussocks of Stipa 
(Table 4), which ultimately will lead to an increase of 
the Stipa population. Butler & Briske (1988) reported 
similar results in their study on the population structure 
of the tussock grass Schizachyrium scoparium. 
Large parts of the steppes of Mongolia and Central Asia 
currently suffer from overgrazing due to the enormous 
increase in the number of livestock during the last dec- 
ades. Overgrazing has led to a decrease in vegetation 
cover, productivity and plant species diversity, and a 
replacement of the original dominant Stipa grasses by 
species such as Leymus chinensis and Carex duriuscula. 
Our results show that a reduction in grazing pressure can 
promote a change in the ratio of rhizomatous to tussock 
grasses in the vegetation, which might help restore the 
original Stipa steppe. 
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