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Analysis on the environmental and spatial factors for plant community

distribution in the arid valley in the upper reach of Minjiang River
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Abstract: Minjiang river is an important branch of upper reach of the Yangtze River. The upper reach of Mingjiang river lies in
the east margin of Qing-zang altiplano, a typical arid valley because of the special alpine canyon physiognomy, where the
ecological security and the environment conservation is important for all of the Yangtze River valley. In this arid valley the
mean annual precipitation is 493mm, the mean evaporation is 1332mm and the altitude 1300 ~ 2200m. The main plant
communities are composed of xerophil plants. As the altitude increases, the special plant community’s spatial pattern, with
corresponding soil environmental factors, is formed. The paper aims to explain the influence of soil factors on the species
quantitative pattern in communities and give the reference for vegetation recovery, after the analysis on the relation between
the environmental factors and the plant community spatial pattern along with the spatial variation in the arid valley.

Based on the investigation of 53 plots in the arid valley, the parameters of soil (soil water, pH. soil organic matter. total

N, available N, total K, available K, Total P, and available P), the parameters of plant communities (the coverage, number,
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height for different plant species, etc. ) and the spatial parameters (longitude, latitude., etc. ) were analyzed. The ordination
based on the community plots and the quantitative classification is performed with the TWINSPAN (Two Way Indicator
Species Analysis) method. The species quantitative pattern of shrub and herb layers of communities were analyzed with
detrended canonical correspondence analysis (DCCA) ordination, and the influence of soil factors, spatial factors and their
interaction with the total variance of plant species abundance pattern were quantitatively partitioned. The results showed, that
the shrub layer of communities could be divided into 5 types and the herb layer could be divided into 7 types. The soil water as
the most principal factor with other environmental factors plays important role in forming the distribution pattern of
communities. However, the environmental factors in different layers of communities were different. In shrub layer, the
contribution rate of the soil environmental factors was 28. 02% solely; the contribution rate of the soil environment factors
with spatial factors coupling function was 8. 90% ; the spatial factors was 10. 69% solely and other undetermined factors
constituted 52. 39% for explaining the community distribution pattern forming. Whereas in herb layer, the contribution rates
of the four aspects above-mentioned were 20. 64 %, 0.83%, 5.10% and 73. 43% respectively. The other undetermined factors
might be the biological factors and random factors. It is clear that the undetermined factor in the herb layer is much higher than
in the shrub layer. Therefore, that the herb layer was influenced by environmental factors should be less than that in the shrub
layer. Whether in the shrub layer or in the herb layer, among the many environmental factors, the soil water always plays the
most important role in the forming of community distribution pattern or species abundance variation in the communities.

Key words :arid valley; spatial pattern; environmental interpretation; DCCA
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Table 1 Correlations of environmental variables with the first four axes of DCCA as well as their eigenvalues

Shrub layer Herb layer
Environmental factor AX1 AX2 AX3 AX4 AX1 AX2 AX3 AX4

Soil water 0.657" " 0.130 0. 056 —0.374" 0.833"* 0. 001 0. 034 —0. 036

pH —0.373"° —0.115 —0.107 0.488* —0.823*" 0.093 —0. 083 0. 025
Soil organic matter 0.582" " —0.703** —0.135 —0.052 0.338" 0. 235 0.118 —0. 044
Total nitrongen 0. 377 = —0.503** —0.042 —0.177 0.304" 0.414~ —0.052 —0.123
Available nitrogen 0.571" —0.678* " —0.032 —0.149 0.378" 0.117 0. 055 —0.092
Total potassium 0. 339 * —0. 066 0. 285 —0.238 0.610** 0. 041 0.103 0. 082
Available potassium 0.521" " —0.230 0.479" 0.096 0.497" —0.297 0. 006 —0.117
Total phosphor 0.540" " —0.559"* —0.310" 0.188 0.067 0. 025 0.381" 0.079
Available phosphor 0. 061 —0.184 0. 090 —0.537" " 0.497* —0.297 0. 006 —0.117
Eigenvalues 0.792 0.399 0.230 0.131 0. 780 0.233 0.110 0. 094

% % 3 p<C0.001; % : p<<0. 01

3.2.2 4, 5 N 53 1(AXD) 2 (AX2)
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Fig. 6 The species scores of DCCA in shrub layer
1. Caryopteris odoratas; 2. Bauhinia faberi; 3. Rosa hugonis; 4. Daphne tangutica; 5. Sageretia pycnophylla; 6. Bauhinia faberi var.
microphylla; 7. Spiraea longigemmis; 8. Prunus davidiana; 9. Lespedeza virgata; 10. Campylotropis macrocarpas; 11. Jasminum humile; 12.
Lespedeza floribunda;13. Cynoglossum amabile;14. Sophora vrcifolia;15. Caryopteris terniflora; 16. Lespedeza formosa;17. Spiraea henryi;
18. Caryopteris forrestii; 19. Cotinus szechuanensis; 20. Cotoneaster multiflorus; 21. Daphne penicillatas 22. Wikstroemia modesta; 23.
Leptodermis purdomii; 24. Quercus cocciferoidess; 25. Rosa bella; 26. Rhamnus rosthornii s 27. Indigofera amblyantha; 28. Caryopteris incana
29. Zanthoxylum simulans; 30. Rosa xanthina; 31. Berberis wilsonae; 32. Berberis diaphanas; 33. Desmodium podocarpum; 34. Lonicera

hispida;35. Qstryopsis davidianti;36. Indigofera bungeana;37. Desmodium esquirolii ; 38. Cotinus coggygria var. glaucophylla
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Fig. 7 The species scores of DCCA in herb layer
1. Saussurea licentiana; 2. Thalictrum robustum; 3. Artemisia sieversiana; 4. Pteris inaequalis; 5. Thalictrum thunbergii; 6. Tragus
berteronianus; 7. Potentilla leuconotas; 8. Polygala japonicas; 9. Rorippa montana; 10. Chloris virgatas; 11. Themeda triandra; 12. Antemisia
annua;13. Heteropogon contortus; 14. Xanthopappus subacaulis; 15. Aster poliothamnus;16. Leontopodium leontopodioides;17. Cremanthodium
potaninii s 18. Ajania breviloba; 19. Ceratoides arborescens; 20. Rubia ovatifolia; 21. Arthraxon prionodes; 22. Carex crebras; 23. Rubia
membranacea; 24. Pedicularis davidii; 25. Carex lanceolatas 26. Setaria glaucas; 27. Poa chalarantha; 28. Gnaphalium affine; 29. Senecio
setchuensis; 30. Eulalia quadrinervis;31. Galium sungpanense;32. Sedum wenchuanense; 33. Capillipedium parviflorum;34. Bupleurum tenue
35. Onosma farrerii;36. Chenopodium acuminatum;37. Aster albescens;38. Achnatherum inaequiglume; 39. Artemisia sylvatica ; 40. Artermisia

capillaris;41. Cardamine tangutorum.
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Table 2 Result of DCCA and partitioning of the variation of species matrix

Shrub layer

Herb layer

Sum of unconstrained eigenvalues 6.369 9.508
Sum of canonical eigenvalues of environmental constrain 2.352 2. 041
Sum of canonical eigenvalues of spatial constrain 1. 248 0. 565
Sum of canonical eigenvalues of environmental constrain 1.785 1. 962
Sum of canonical eigenvalues of spatial constrain 0. 681 0.485
Fraction of species abundance variation explained by . .
. . 36.93 21.47
environmental variables (%)
Fraction of species abundance variation explained by spatial
19. 60 5.94
factors (%)
Fraction of species abundance variation explained by pure
, P P yp 28.02 20. 64
environmental factors( %)
Fraction of species abundance variation explained by pure
. 10. 69 5.10
spatial factors( %)
. Species abundance variation explained by the 8. 90 0.83
interactions between spatial and environmental factors( %) ’ ’
Unexplained vegetation variation( %) 52.39 73.43
L 19.60%.5.94% .
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