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RESPONSE OF LEYMUS CHINENSIS GRASSLAND VEGETATION IN INNER
MONGOLIA TO TEMPERATURE CHANGE
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Abstract Global temperatures are increasing and in particular global minimum temperatures are increas-
ing faster than maximum temperatures. Because temperature is a key factor hat controls the growth and distri-
bution of vegetation and there is no a priori reason to assume that ecosystems will respond similarly to changes
in minimum and maximum temperatures it is very important to explore the ecological consequences of global
warming on terrestrial communities.

The Leymus chinensis grassland is a dominant ecosystem of Inner Mongolia and this region is very vulner-
able to global climate change. We analyzed a long term climate and vegetation data base 1981 — 1994  for In-
ner Mongolia to examine the characteristics and the ecological consequences of temperature changes on Leymus
chinensis grasslands. The results showed that temperatures increased and minimum temperatures especially
winter minimum temperatures increased faster than maximum and average temperatures. There were no signifi-
cant relationships between winter minimum temperatures and diversity indices Simpson index and Shannon-
wiener index  species saturation and aboveground net primary productivity ANPP  at the community scale.
At the species level the importance value and ANPP of most species had no significant relationship with win-
ter minimum temperatures except for Agropyron michnoi  Heteropappus altaicus and Carex duriuscula all of
which showed significant negative relationships. Because these are important species in this grassland commu-
nity the results suggest that the structure and function of the L. chinensis grassland community could be al-
tered if winter minimum temperatures continue to increase. Thus the identification of key elements of tempera-
ture change is very important for understanding and predicting the impacts of global warming to L. chinensis
grassland communities .
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Table 1  Regressive relationship between time and average temperature maximum temperature and minimum temperature
R
Time Simple linear regression Significant p Coefficient square
Avcrage annual lemperature T avea = 142.17+0.073 year 0.164 0.155
Average effective temperature T ee= —169.57 + 0.086 year 0.107 0.202
Averagc spring temperaturc T avesp = 45.24 +0.025 year 0.739 0.010
Average summer temperature T yesu = 37.95 — 0.009 year 0.852 0.003
Average fall temperature T er= —256.56 + 0.13 year 0.140 0.172
Average winter temperature T ey = —488.60 + 0.237 year 0.076 0.239
Annual maximum temperature T = — 132.40 + 0.071 year 0.251 0.108
Effective maximum temperature Thaxe = —98.91 +0.053 year 0.373 0.067
Spring maximum temperature Taxesp = 24.98 = 0.008 year 0.921 0.001
Summer maximum temperature T naxesu = 36.40 — 0.006 year 0.920 0.001
Fall maximum temperature Tt = —92.94 +0.051 year 0.640 0.019
Winter maximum temeperature Tinaew = — 415.80 + 0.203 year 0.111 0.198
Annual minimum temperature Tina = —276.61 + 0.136 year 0.028" 0.341
Effective minimum temperature Thine = —301.22 + 0. 148 year 0.028" 0.342
Spring minimum temperature Tin-p = = 107.39 + 0.051 year 0.366 0.069
Summer minimum temperature Thinesa = —56.93 +0.034 year 0.561 0.029
Fall minimum temperature Thint= —252.94 + 0. 124 year 0.227 0.119
Winter minimum temperature T inw = — 759.52 + 0.369 year 0.007" 0.464

Significant level * p<0.05
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Table 2 Changes of predominant species’ important values in Leymus chinensis grassland

Year +
Species 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Mean * standard error
Leymus chinensis 32.41 35.03 25.42 31.42 30.25 22.70 16.54 27.80 19.41 35.45 22.78 23.39 19.34 29.75 26.55+1.621
Stipa grandis 10.82 8.24 9.63 8.17 10.27 14.91 14.89 12.56 12.94 9.61 13.51 10.11 14.51 9.52 11.41 £0.646
Carex duriuscula 8.09 9.02 8.69 8.14 8.71 8.65 12.85 8.32 4.23 2.65 2.31 2.72 5.29 6.92 6.90+0.814
Achnatberum sibiricum 7.35 4.19 3.80 4.26 4.54 6.60 8.22 7.51 9.19 6.55 6.36 3.79 5.64 9.05 6.22 +0.506
Agropyron michnot 2.87 2.54 8.86 3.68 2.26 2.16 3.8 1.31 10.93 2.69 8.94 7.13 6.94 6.09 5.02+0.823
Artemisia commutata 2.40 6.97 1.92 1.95 4.20 8.71 6.80 5.83 3.00 0.20 3.34 8.33 5.98 2.19 4.41+£0.714
Caragana microphylla 0.67 3.40 6.87 0.43 0.00 2.90 3.50 5.25 10.80 3.91 4.69 0.23 4.89 5.22 3.77+0.791
a Koeleria cristata 2.42 2,75 2.00 1.90 2.68 3.19 2.65 2.55 2.09 0.30 2.59 4.17 3.06 1.87 2.45+0.231
Cletstogenes aquarrosa 0.20 2.77 5.03 0.29 0.00 2.74 3.30 2.65 2.76 1.61 2.16 1.8 2.72 3.35 2.25+0.369
Heteropappus altaicus 0.00 0.19 0.11 1.11 0.30 0.11 0.60 0.32 3.61 2.13 1.53 5.91 1.8 2.03 1.42+0.446
Artemisia frigida 1.20 0.74 0.72 1.89 2.16 2.16 2.06 0.93 0.41 0.33 1.36 1.57 3.40 0.12 1.36+0.243
3 g m-2a!

Table 3 Changes of predominant species’ aboveground net primary productivity g m~> a~! in Leymus chinensis grassland

Year +

Species 1981 1982 1983 1984 1985 1986 1987 1988 1980 1990 1991 1992 1993 1994 Mean s Standard error
Leymus chinensis 125.68115.73 38.65 87.21 72.66 38.76 35.29 72.09 20.75 74.90 32.56 42.52 35.83 53.17 60.42+8.59
Stipa. grandis 76.14 43.71 23.34 29.36 38.54 54.54 61.80 63.56 33.32 42.25 46.69 35.83 68.21 30.69 46.28 +4.32
Achnatberum sibiricum 38.17 12.81 5.68 9.48 10.46 14.89 24.02 24.87 15.68 18.00 14.55 7.09 12.72 26.02 16.75+2.36
Artemisia commutata 4.71 40.42 2.23 5.30 14.07 33.43 28.42 24.81 3.34 0.05 4.24 29.20 20.72 4.76 15.41 £3.66
Caragana microphylla 3.11 15.09 15.90 1.53 0.00 7.29 12.04 21.59 28.14 11.41 15.16 0.61 16.63 11.97 11.46£2.21
Agropyron michnoi 8.03 4.14 10.30 9.48 3.43 2.51 7.98 2.79 12.58 4.96 15.73 17.06 16.36 10.22 8.97+1.36
Carex duriuscula 10.46 10.50 5.43 7.20 8.52 4.75 8.40 7.61 1.00 1.72 1.11 2.60 4.83 6.02 5.72+0.87
O Koeleria cristata 1.65 2.64 0.61 2.51 3.67 4.61 4.50 4.02 1.09 0.08 4.43 8.93 5.09 1.86 3.26+0.61
Cleistogenes aquarrosa 0.56 5.44 10.01 0.61 0.00 3.10 4.18 3.41 1.66 0.8 1.65 1.96 2.81 4.71 2.93+0.70
Heteropappus altaicus 0.00 0.01 0.06 1.09 0.64 0.05 0.83 0.88 4.15 1.57 0.63 21.61 1.38 2.39 2.52+1.50
Artemisia frigida 1.88 0.42 0.35 1.74 3.50 3.44 2.20 0.67 0.23 0.32 1.16 2.32 7.52 0.02 1.84+0.54

4

Table 4 Coefficient between important value aboveground net primary productivity and winter minimum temperature

Tmportant value and winter minimum temperature ANPP and winter minimum temperature
Coefficient Significant level Coefficient Significant level
Caragana microphylla 0.138 0.637 0. 064 0.829
Artemisia frigida -0.262 0.366 -0.266 0.358
Agropyron michnoi 0.543" 0.045 0.604" 0.022
Leymus chinensis -0.16 0.584 -0.354 0.215
Stipa grandis -0.152 0.605 -0.288 0.318
Achnatberum sibiricum 0.024 0.935 -0.055 0.852
Cleistogenes aquarrosa 0.112 0.703 0.029 0.923
O Koeleria cristata -0.051 0.864 0.152 0.605
Artemisia commutata -0.015 0.958 -0.116 0.692
Heteropappus altaicus 0.908 0.000 1 0.749 0.002
Carex duriuscula -0.622" 0.018 -0.538" 0.047
* 1 See Table 1 ~ ** p<0.01
11 11
4.3

0.553 p=0.04 0.542 p=0.045
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Table 5 Coefficient between important values — aboveground net primary productivity and winter precipitation

Important value and winter minimum temperature ANPP and winter minimum temperature
Coefficient Significant level Coefficient Significant level
Caragana microphylla 0.132 0.652 0.132 0.652
Artemisia frigida -0.121 0.680 0.002 0.994
Agropyron michnot 0.200 0.492 0.344 0.229
Leymus chinensis -0.013 0.964 -0.051 0.863
Stipa. grandis -0.055 0.852 0.192 0.512
Achnatberum sibiricum 0.178 0.542 0.172 0.557
Cleistogenes aquarrosa -0.225 0.440 -0.286 0.321
O Koeleria cristata 0.033 0.911 -0.059 0.840
Artemisia commutata -0.042 0.887 -0.203 0.487
Heteropappus altaicus 0.553" 0.040 0.5427 0.045
Carex duriuscula -0.463 0.096 -0.220 0.449
* 1 See Table 1
6
Table 6  Coefficient between characteristics of Leymus chinensis grassland and winter minimum temperature
Shannon-Wiener Simpson

Shannon-Wiener index Simpson index Evenness Species saturation ANPP

Coefficient 0.191 0.248 0.547 -0.112 -0.209
Significant level 0.513 0.392 0.043 0.703 0.474

5 1999 Boden et al. 1994 Easterling et al. 1997
Alward 1999 23
IPCC
2001b
IPCC 2001a
1981 ~ 1994 14

Alward et al.
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