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Determination of plant community organization on steppe ecosystem health

evaluation in Inner Mongolia
HAO Dun-Yuan, GAO Xia, LIU Zhong*Linga QIAN Jin, XIN Zhi (Inner Mongolia University, Huhhot 010021,

China). Acta Ecologica Sinica,2004,24(8):1671~1677.

Abstract: The organization of typical steppe community was determined with a set of parameters for evaluating range health.
The parameters were calculated from long-term community monitoring data which had been collected since 1981, on the
primary community dominated with Lyemus chinenses + Stipa grandis and on fenced degraded community, respectively. 20
squares were sampled every half month during the growth season (May 15-Sept. 30), at the site of Silin-river ranches (N43°
38',E116°42"). The organization parameter of the i-th species in the community was defined as /, = 1000f; « m;  h;, and the
organization parameters of the community as the array (/,.,/,,**,/,),» where fi,m;,h; were extracted from the monitoring data,
standing for the accumulative frequency, the accumulative relative biomass, and the accumulative relative height of the species.,
respectively, and i = 1,2,+:+,n standing for each species of the community. The organization parameters of all species in the
primary community evidently displayed a separation property, by which the hierarchical relationship and the complementary
effect among species could be exhibited. The plant species in different hierarchies had different abilities in competing for
environmental resource, therefore, preformed differently in producing biomass and led grassland community to complete self-
organization and to stay at stable state. The complementary effect among species enabled the community to adapt to the
fluctuations of environment, to sufficiently use environmental resource, and to keep community productivity at the maximum
level. The results obtained from the data of the primary community in different short periods showed hierarchical structures
consistent with that from long-term ones, but the results obtained from degraded community did not. The hierarchical
relationship and the complementary effect among all species revealed the productivity of the community with specified

organization. Thus, range health could be evaluated in the view point of community organization. It is feasible to use the
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parameters defined in this paper to describe the organization of typical steppe community.

Key words :typical steppe; evaluation of range health; plant community; organization parameter
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Table 1 The organization parameters of the plant populations in Leymus chinensis—+ Stipa grandis steppe

Plant species Frequency Relative biomass Height of plant Relative height  Organization parameter
Leymus chinensis 0.9975 0.2974 27.3003 0.9477 281.1365
Stipa grandis 0.9996 0.2102 28.8074 1. 0000 210. 1159
Achnathemrum sibiricum 0.9329 0. 0813 22.4672 0. 7799 59.1521
Caragana microphylla 0.7491 0. 0864 17. 3420 0. 6020 38.9627
Agropyron michnot 0.7275 0. 0459 16. 2330 0.5635 18. 8166
Artemisia commutata 0. 7482 0.0617 11.5517 0.4010 18.5116
Carex korshinskyi 0.8712 0. 0354 14. 6219 0. 5076 15. 6538
Serratula centauroides 0. 6079 0. 0246 12.7334 0. 4420 6.6101
Koeleria cristata 0. 7669 0.0164 9.6715 0. 3357 4.2225
Kochia prostrata 0.5234 0. 0157 9. 7806 0. 3395 2.7899
Cleistogenes squarrosa 0. 7087 0.0127 8. 5500 0.2968 2.6721
Melilotoides ruthenica 0.5313 0. 0064 10. 7541 0.3733 1.2694
Artemisia scoparia 0. 3470 0. 0094 11. 0074 0. 3821 1.2463
Allium senescens 0.3106 0. 0090 11.9086 0.4134 1. 1556
Artemisia frigida 0. 4385 0. 0078 7.6188 0.2645 0. 9046
Salsola collina 0.4174 0. 0078 6.8088 0.2364 0. 7695
Poa attenuata 0. 4576 0.0072 6. 4866 0.2252 0.7419
Ouxytropis myriophylla 0.2451 0. 0077 11.1368 0. 3866 0.7296
Potentilla bifurca 0.4700 0. 0043 10. 1424 0. 3521 0.7115
Heteropappus altaicus 0. 3197 0. 0060 10. 3115 0. 3579 0. 6866
Allium tenuissimum 0.5139 0.0028 11. 3609 0. 3944 0.5675
Allium anisopodium 0.3164 0.0023 13.1472 0. 4564 0.3321
2
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Table 2 The dynamics of precipitation (May-August) and community biomass from 1989 to 1993
Relative biomass /
Y Effective precipitation The biomass of community Biomass /precipitation
ear )
(mm) Leymus chinensis Stipa grandis (g/m?) (g/mm)
1989 158. 6 0.198725 0.243416 142.76 0.9010
1990 401. 2 0. 378222 0.209119 207.92 0.5182
1991 256.0 0.198262 0.220610 191. 56 0.7483
1992 303.8 0. 278460 0.226283 215.04 0.7078
1993 243.8 0. 232445 0.292592 274.99 1.1316
7
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Fig. 1 Inter-annual dynamics of relative biomass of Leymus
’ ’ chinensis and Stipa grandis
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Table 3 The organization parameters of the plant populations of Leymus chinensis+ Stipa grandis steppe(1986~1988)
1986~1988 1987~1988
. Relative plant Relative Organization Relative plant Relative  Organization
Plant species ) ) . ) . .
Frequency biomass  Height height parameter Frequency biomass  Height height parameter
Stipa grandis 1. 0000 0.2678 27.7938 1. 0000  267.7947 1. 0000 0.2691 28.6518 0.9767 262.8799
Leymus chinensis 1. 0000 0.2361 26.8527 0.9661 228.1122 1.0000 0.2409  29.3340 1.0000  240.8553
Achnathemrum sibiricum 0. 9825 0.1059 21.9416  0.7894  82.1682 0.9881 0.1148 21.8208 0.7439  84.3649
Artemisia commutata 0. 9280 0.1124 11.4668 0.4126  43.0369 0. 9315 0.1044  9.9414 0.3389  32.9534
Caragana microphylla  0.7043 0.0791 17.9862 0. 6471 36. 0437 0.7113 0.0773 19.0669 0.6500  35.7305
Carex korshinskyi 0. 8658 0.0329 14.2539  0.5128 14.6089 0. 8423 0.0322 15.1484 0.5164 13.9974
Serratula centauroides 0. 7412 0.0304 11.6721  0.4200  9.4773 0. 7827 0.0350 10.8614 0.3703 10.1334
Agropyron michnoi 0. 6401 0.0251 16.1201  0.5800 9.3137 0. 6339 0.0286 15.9765 0.5446  9.8679
Koeleria cristata 0.8016 0.0160 9.7415 0.3505  4.4840 0. 7857 0.0143  8.8902 0. 3031 3.4121
Cleistogenes squarrosa 0.7276 0.0126 8.0067 0.2881  2.6437 0.7054 0.0119 8.0675 0.2750  2.3162
Artemisia [rigida 0.5331 0.0096 7.9617 0.2861 1.4717 0. 5000 0.0061 7.2083 0.2457 0.7513
Melilotoides ruthenica 0.5953 0.0063 10.1601 0.3656 1.3765 0.5595 0.0036 9.6383 0.3286  0.6579
Kochia prostrata 0.4125 0.0094 8.7689 0.3155 1.2172 0. 3750 0. 0065 8.3611 0.2850 0.6919
Artemisia scoparia 0. 3696 0.0058 12.8816  0.4635 0.9927 0. 4792 0.0071 13.4938 0.4600 1.5543
Allium senescens 0. 2879 0.0041 11.0811  0.3987 0.4671 0. 2857 0.0040 11.3073 0.3855 0.4439
Potentilla bifurca  0.4066 0.0031 9.1172 0.3280 0.4163 0.4137 0.0035 9.4065 0.3207  0.4601
Salsola collina 0.4105 0.0043 5.6514 0.2035 0.3558 0. 3244 0.0012 5.1514 0.1756  0.0692
Poa attenuata 0.2938 0.0034 6.8391 0.2461 0.2451 0.3214 0.0036  6.6898 0.2281 0.2616
Oxytropis myriophylla 0. 2763 0.0019 10.7148  0.3855 0.2005 0.3215 0.0020 10.9667 0.3739 0.2340
3 4 s 200 ,
s . 1986~1988 1991~1993
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Table 4 The organization parameters of the plant populations of Leymus chinensis-+Stipa grandis steppe(1991~1993)

4

+

1991~1993

years 1991~1993 1992~1993
Plant specics Rvelative plfint Rel'ative Organization R'elative plfmt Rel.ative Organization
Frequency biomass  Height height  parameter Frequency biomass Height height parameter
Stipa grandis 1. 0000 0.2295 31.4474 1. 0000  229.5238 1. 0000 0.2299 31.9622 1. 0000  229. 8541
Leymus chinensis 0. 9955 0.2093 30.5112  0.9702  202.1862 0.9942 0.2048 31.5556  0.9873 200.9975
Agropyron michnoi 0. 8702 0.0876 18.6581  0.5933  45.2552 0. 8750 0.0924 19.1794  0.6001 48.5092
Achnathemrum sibiricum 0. 8559 0.0647 24.6540  0.7840  44.9278 0. 8692 0.0559 24.4047  0.7635 37.0804
Artemisia commutata 0. 8591 0.0696 11.6536 0.3706  22.1415 0. 8692 0.0838 11.2876 0.3532 25.7382
Caragana microphylla  0.5906 0.0455 20.4697  0.6509 17.4766 0. 5436 0.0327 20.9572  0.6557 11.6660
Koeleria cristata 0.8971 0.0350 9.4439 0.3003 9.4382 0.9128 0.0386 10.1433  0.3174 11.1909
Carex korshinskyi 0. 6980 0.0147 18.4295 0.5860 5.9978 0.7151 0.0172 19.4593 0.6088 7.4708
Allium senescens 0.5794 0.0262 11.6293  0.3698 5.6113 0.5988 0.0260 11.5825  0.3624 5.6372
Serratula centauroides 0. 4519 0.0256 15.1139  0.4806 5.5493 0. 3110 0.0059 16.7570  0.5243 0.9654
Artemisia scoparia 0.5190 0.0225 12.9698  0.4124  4.8230 0.5378 0.0271 12.3027  0.3849 5.6190
Artemisia frigida 0.6197 0.0162 7.4368 0.2365 2.3750 0.6337 0.0184 7.5780 0.2371 2.7709
Melilotoides ruthenica 0. 4318 0.0105 14.5285  0.4620  2.0987 0. 4709 0.0128 14.7716  0.4622 2.7838
Kochia prostrata 0.3714 0.0104 11.6928  0.3718 1.4332 0. 3576 0.0114 11.0244  0.3449 1.4076
Cleistogenes squarrosa 0.7276 0.0069 9.3110 0.2961 1.1556 0. 5436 0.0065 9.6684 0.3025 1.0751
Poa attenuata 0.5168 0.0119 5.1342 0.1633 1.0043 0. 5814 0.0141 5.2000 0.1627 1.3357
Potentilla bifurca  0.2953 0.0020 11.6591  0.3707  0.2204 0. 2529 0.0013 3.0345 0.4078 0.1360
Oxytropis myriophylla 0. 6040 0.0348 12.0889  0.3844 0.0870 0.7151 0.0439 2.1870 0.3813 0.9750
Salsola collina 0. 0403 0.0001 9.4444 0.3003 0.0017 0. 0029 0. 0000 0.0000 0. 0000  0.0000
5 1998~2002

Table 5 The organization parameters of the plant populations in Artemisia frigida community

Plant speciec Frequency Relative biomass Pelative height Organization parameter
Leymus chinensis 0. 90 0.0722 0. 7787 50.5999 2
Stipa grandis 0.92 0. 0505 0.9165 42.5806 2
Achnathemrum sibiricum 0.02 0. 0003 0. 8858 0.0053
Agropyron michnoi 0. 96 0. 0704 0. 7396 49. 9851 2
Koeleria cristata 0. 98 0. 0301 0. 4955 14. 6163
Cleistogenes squarrosa 0.03 0.0013 0. 3805 0.01
Kochia prostrata 0.50 0.0316 1. 0010 15.8
Artemisia frigida 1. 00 0.1951 0.6942 135.4384 1
Artemisia commutata 0. 50 0.0313 0.8911 5. 0347
Artemisia scoparia 0.14 0. 0026 0. 8249 0. 3003
Salsola collina 0. 06 0. 0002 0. 4046 0. 0049
Ouxytropis myriophylla 0. 04 0. 0002 0.1969 0.0016
Melilotoides ruthenica 0.94 0. 0516 0. 6415 31.1153
Potentilla bifurca 0.42 0. 0075 0. 4359 1. 3731
Heteropappus altaicus 0. 80 0.0156 0.5061 6.3161
Allium tenuissimum 0. 26 0. 0060 0. 9085 1.4173
Allium anisopodium 0.02 0. 0020 0. 6562 0.003
Allium senescens 0.02 0.0011 0. 5577 0.0031
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