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Abstract: Environmental variables play important roles in species composition and richness of alpine vegetation. In this
study, the characteristics and environmental variables of the alpine vegetation situated at an elevation of about 3350 — 3750
m on the south slope and an elevation of about 3350 — 3650 m on north slope of Taibai Mountain of Qinling Mountain
ranges in China were investigated in August and September 2009, and August 2010. On each slope, we constructed one
transect along elevational gradient. In the transect, 15 typical plots of 2 m X 2 m (for shrubs) at approximately 100 m
(fluctuating up and/or down by 20 m at a given elevation) elevation intervals were determined. In the corner of each plot, a
1 m X 1 m subplot was choosed for herbs. Thus, 5 and 4 elevational gradients were set up on the south and north slope,
respectively, and totally 135 plots of 2 m X 2 m and subplots of 1 m X 1 m were surveyed. We recorded the community
characteristics (including species name, cover, number and height) and the environmental variables ( containing altitude,
aspect, slope, stone cover, soil depth, soil pH, soil organic matter content, total nitrogen content, alkali-hydrolyzable

nitrogen content, total phosphorus content, available phosphorus content, total potassium content and available potassium
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content ) . Canonical correspondence analysis (CCA) was used to elucidate the relationship between species composition and
environmental variables, partial CCA to calculate the gross and net effects on species composition for each environmental
variable, and generalized linear model ( GLM) to fit the response of species richness to each environmental variable.
Thirteen environmental variables totally explained 31.7% of total variation in species composition, of which, the net effects
of altitude, slope, soil alkali-hydrolyzable nitrogen content, total phosphorus content, aspect, stone cover, pH value, soil
depth, organic matter content, available phosphorus content and total nitrogen content on species composition were
significant (P < 0.05), but their effect intensities decreased successively. Some species, such as Rhododendron deterile,
Potentilla glabra, Trollius farreri and Rhodiola kirilowii, were associated with steep slope, hot-dry aspect, organic matter
and alkali-hydrolyzable nitrogen rich-soil; otherwise, Primula knuthiana, Saussurea taipaiensis, and Saxifraga gemmigera
were more dominant in cold-moist aspect, low acidic and total phosphorus rich- but total potassium poor-soil; Besides,
Aconitum tanguticum, Kobresia vidua, Papaver nudicaule, etc. occurred in a high altitude, gentle slope, thicker and
available potassium rich-soil. However, Salix cupularis, Carex capilliformis var. major, Ajania variifolia, Ligusticum sinense
var. alpinum, etc. were found in most plots since all environmental variables had little effects on their distribution. There
were four significant ( P<0.05) relationships detected by GLM between species richness and environmental variables; (i) a
monotonic increase with increasing altitude and soil depth; (ii) a monotonic decrease along aspect and soil total nitrogen
content; (iii) an unimodal relationship with aspect, pH value, alkali-hydrolyzable nitrogen content and total phosphorus
content and (iv) a reverse hump-shaped relationship with soil organic matter content and total potassium content. Among
these significant environmental variables, altitude, soil alkali-hydrolyzable nitrogen content, pH value, organic matter

content and aspect explained the most variation in species richness.

Key Words: alpine vegetation; environmental variables; species composition; species richness; Taibai Mountain
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Table 1 Correlation coefficients between environmental variables and the first four CCA ordination axes and ordination summary
BT Bk L 55 1 4 o5 2 %h o3 o5 4 Hh
Environmental variables and summary of ordination Axis 1 Axis 2 Axis 3 Axis 4
35 [ F Environmental variables
HEH Altitude -0.80 " -0.27"* -0.34 " -0.15
Wil Aspect 0.02 0.67 """ 0.02 0.37 ***
WPz Slope 0.66*** -0.24"* -0.23"* -0.01
A5 Stone cover 0.10 0.00 0.19 -0.45"""
+- 3R Soil depth -0.55*** 0.50 *** 0.12 0.00
pH 0.01 -0.75""* -0.12 0.03
AP Organic matter 0.49 *** -0.01 0.40 *** -0.13
2% Total nitrogen 0.34*** -0.09 0.04 0.10
Rk Alkali-hydrolyzable nitrogen 0.29 *** 0.41*** -0.26 ** -0.15
41§ Total phosphorus 0.05 -0.52""* -0.29 " 0.26 "
H W Available phosphorus -0.11 -0.10 -0.11 0.31 """
2 Total potassium -0.29"*" 0.65 """ -0.11 033"
R Available potassium -0.41 *** 0.51*** -0.02 0.28 **
CCA HEFFHEZE Summary of CCA ordination
FEIEH Eigenvalues 0.35 0.27 0.10 0.08
Yy Fh -FR B A G Species-environment correlations 0.89 0.91 0.69 0.68

B 2H il 7 Lk SANER

ﬁi‘jﬂi%? peﬂrffnii; ?IZiicF oﬁ[;)icies data 11.00 19.70 22.80 2540
PR - R R T 2 R A S 1
Cumulative percentage variance of species- 34.80 62.30 71.80 80.00
environment relation
AT ) 5 i b 0.0001

Test of significance of all canonical axes

* P<0.05; = % P<0.01; * * *x P<0.001
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Fig.1 CCA biplot of species and environmental variables
B PAL BRI S B 5% —100% R F, 1k 46 A Al #84K Altitude; Asp ;316 Aspect; Slo: 3% Slope; SC: #4135 Stone cover; SD;
A EJELRE Soil depth; OM . HHLIE Organic matter; TN A Total nitrogen;; AHN . B8 % 2 Alkali-hydrolyzable nitrogen; TP . .1 Total phosphorus ;
AP . %(H Available phosphorus ; TK : 44 Total potassium AK A58 Available potassium; 2. MRBEHD Salix cupularis; 3 TR E Deschampsia
littoralis ; 4 HEVEL B Carex scabrirostris; 6 FAEET OB Juncus przewalskii; 9 KAEAE Allium macranthum ; 10 REJIRZEE Carex capilliformis
var. major; 12 KW #EKFE Cardamine macrophylla; 13:IR ¥ 7 Anaphalis flavescens; 15 ; 78 5l % 5 Kobresia vidua; 17 28 H Primula
knuthiana ; 18 /WAL 5K Rhodiola dumulosa; 19 1%t F:BY Rhododendron deterile; 20 H 75 23k Aconitum tanguticum; 27 ; 3E4x¥E4E Trollius
Sfarreri; 28 AR Lomatogonium carinthiacum; 29, LR AEMEAE B Parnassia viridiflora; 31, AR e E Pedicularis giraldiana ; 34 By ) & =
Leontopodium giraldii; 35 : ZZW BT Oxytropis chinglingensis; 41 ; 22 S22 % Carex capilliformis ; 42 ;. VA5 ToLs3¥ Arenaria quadridentata ; 43 ;&5 TG
>3 Arenaria fimbriata s 45 : K148 Bupleurum dielsianum; 50 . K F111KESY Saussurea taipaiensis; 51: K3k Aconitum taipeicum; 52 K[
B Prilagrostis concinna; 53 K FAERIEAE Anemone taipaiensis; 54 ;S A6 HS Rhododendron capitatum; 55 .25 15 X B34 Saussurea przewalskii;
56 TLIKERGLTE Meconopsis quintuplinervia; 57 : FiIEIRAL Lloydia tibetica; 58 : AW ERZEZL Polygonum viviparum var. angustum; 60 BeM£1 5K
Rhodiola kirilowii; 62:7F T Anaphalis sinica; 63: W38 % H-5 Saxifraga montana; 64; /WKT .0 ¥ Juncus bufonius; 66 2 & F- ¥ Sawifraga
gemmigera; 67 ¥T#AS Ligusticum sinense var. alpinum; 68 %7 B 3E Papaver nudicaule; 69 5% M V.34 Ajania variifolia; 71 ;%R #&#§ Potentilla
glabra; 75 ‘:P[EE':—IJ_I W7 Draba oreades var. chinensis; 77 :4%%8 5558 Pedicularis plicata; 78 : 3k 232 Polygonum viviparum; 79 ; —. W55 5 3¢
Swertia bifolia; 80 : %85 W E 3 Saussurea purpurascens
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Table 2 Gross and net effects of environmental variables on species composition

R8T Environmental variables SR Gross effect F RN Net effect F
R Altitude 0.082 11.92*** 0.026 4.64%**
Wil Aspect 0.046 6.44*" 0.013 2.24**
WEJE Slope 0.058 8.28 %" 0.019 3.35%**
A HE Stone cover 0.018 2.52% 0.012 1.96*
FIEJERE Soil depth 0.062 8.82%** 0.010 1.81*
pH 0.055 791 0.011 1.91"
FHHLE Organic matter 0.042 5.78*** 0.010 1.74*
4% Total nitrogen 0.020 2.68%** 0.009 1.63*
WA Alkali-hydrolyzable nitrogen 0.030 4127 0.018 3.21%%*
2T Total phosphorus 0.034 4.65*** 0.015 2.73 %%
F % Available phosphorus 0.013 1.73* 0.010 1.75*
42 Total potassium 0.051 7.16 "% 0.007 1.17
AT Available potassium 0.048 6.64%** 0.006 1.01
JiA HF All variables 0.317 4.327%* 0.317 432"

KGN RSN B S8 B A B CCA A CCA HEJFIT 9999 ¥R Monte Carlo B RE ; * P<0.05; * * P<0.01; = % x , P<0.001
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Table 3 Regression analysis results for environmental variables regressed against species richness with GLM

a1 T A% I 2 i 22 R/ % U Pr( Chi)
Environmental variables Residual deviance Explained deviance Test
WK Altitude 98.13 49.16 pl vs. p2 <0.01
1) Aspect 164.04 15.02 pl vs. p2 <0.001
5 JE Slope 173.23 10.26 Null vs. pl <0.001
AT Stone cover 190.90 1.10 Null vs. p2 NS
IR Soil depth 187.81 2.71 Null vs. pl <0.05
pH 156.22 19.07 pl vs. p2 <0.01
HHLFE Organic matter 162.04 16.05 pl vs. p2 <0.001
4% Total nitrogen 174.13 9.79 Null vs. pl <0.001
i % Alkali-hydrolyzable nitrogen 147.21 23.74 pl vs. p2 <0.01
4T Total phosphorus 185.06 4.13 pl vs. p2 <0.01
W Available phosphorus 191.08 1.01 Null vs. p2 NS
44 Total potassium 183.67 4.85 pl vs. p2 <0.01
FHRLER Available potassium 188.51 2.34 Null vs. p2 NS
Null, pl FI p2 43535 J BIFAH GLM — i F1 [ 25 NS, AE3E (P > 0.05)
22 22
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