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A Multi-scale Study on the Vegetation-environment Relationship of

a Mountain Forest Transect

SHEN Ze-Hao (Department of Urban and Environmental Sciences, Peking University Beijing 100871 ,China). Acta
Ecologica Sinica,2002,22(4) :461~470.

Abstract: In order to evaluate and constrast the relative effects of topography and other “direct” environ-
mental factors on vegetation, a forest transect of subtropical mountain was sampled along with the habitat
factors. The horizontal patterns were analyzed for tree, shrub and herb layers. Multivariate regression
and Canonical Correspondence Analysis (CCA) were applied for contrasting the effects of different envi-
ronmental factors on the variation of vegetation pattern at 4 scales analyzed. The results are as following:
(1) The topographic characteristics are critical for the spatial variations of vegetation. Among the soil
Characteristics » soil depth is the most important. (2)Correlations of varied degrees exist not only among
the topographic factors except exposure, but also between them,canopy gap,and chemical and physical
properties of soil. Shown the topographic controls on gap disturbance and soil erosion. As an integrated re-
flections of habitat conditions, the relationship between the coverage of tree, shrub and herb layers and
abiotic factors showed difference of ecological habits between the understory shrub and herb species. (3)
The correlations among the habitat factors are stable on all scales analyzed. However, as the scale en-
larges, the microscale habitat heterogeneity is smoothed away, and the prominence of correlation between

the factors decreases gradually. (4)From the scale of 5X5m?to 5X40m?*,the percentage of interpretation
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to vegetation variance in tree, shrub and herb layers by the habitat factors increase doubly as the scale
doubled. The chief cause for this increase is the number but not the scale of the sampling plots. (5)The
interpreted percent of vegetation variance by topography is close to that of all the “direct” habitat factors
such as soil properties and light condition. However, comparing with other aspects of habitat factors, to-
pographic properties is the most effective in interpretation of vegetation variations at all analyzing scales.
The significance of sampling size and number was discussed on the base of comparison with previous stud-
ies.
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Table 1 The habitat factors included in CCA of the samples

Type Factor Abbr. Range
Elevation(m) Elev Measured value
Exposure (°) Expo N (0°)~S(180°)
Slope (*) Slop Measured values
Topography
Shape Shap 1.2.3"
Position Posi 1.2.3.4.5% %
Soil depth(cm) Sodp Measured values
C Total C(%) TotC Measured values
Soil Cation exchange capacity (cmol/kg) CEC Measured values
Soi
=>2mm Sand (%) Sand Measured values
<C0. 002mm Clay (%) Clay Measured values
Light Canopy gap( %) Gap Measured values
Sum of stems area at breast high(cm?/m?) ABH Measured values
Community Shrub cover (%) SHCV Measured values
structure Herb cover (%) HBCV Measured values
* Shape values: 1 Concave; 2 Plain; 3 Convex. * % Position values: 1 Valley bot-
tom; 2 Side slope near bottom; 3 Side slope; 4 Side slope near ridge; 5 Peak and
ridge
CCA ; Bocard Lol,
CCA o 4
s, omX5m s 5m X 10m,5m X 20m, 5m X 40m
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o ABH ( ) 2
(Gap) . Table 2 The interpretative loading of vegetation pattern
, variation on the environmental factors
H N N o
4 ’ Tree layer Shrub layer Herb layer
’ Factors Weight Factors Weight Factors Weight
o Elev 0.36 Elev 0. 45 Expo 0.32
3.3 Expo 0. 24 Posi 0.14 Posi 0. 26
Slop 0.21 Sodp 0.10 Slop 0.19
Sodp 0.21 Slop 0. 09 CEC 0.14
s Shap 0.21 Expo 0. 09 Sodp 0.14
o o CEC 0. 20 Gap 0. 08 Shap 0.13
: ABH 0. 20 TotC 0. 07 Sand 0.13
3.3.1 3 Posi 0.15 Sand 0.07 Elev 0.13
N 6 14 4 Gap 0.15 Clay 0. 07 Gap 0.11
Clay 0.15 CEC 0.06 Clay 0.09
o TotC 0.15 Shap 0. 05 TotC 0. 09
Sand 0.11 ABH 0. 04 ABH 0. 06
3 5X 5m? ( 128, % : P<C0.05; % % . P<C0.01)
Table 3 The correlation matrix of the habitat factors on the analyzing scale of 5% 5m?
Elev Expo Posi Shap Slop Sodp Clay Sand Totc CEC  Gap ABH SHCV
Expo 0.29**
Posi  0.32**—0.09
Shap  0.33** 0.16 0.52*
Slop 0.28"* 0.05 0.32** 0.22*
Sodp —0.40** 0.04 —0.36"*—0.28" " —0.42" "
Clay —0.16 —0.08 0.09 0. 00 —0.25** 0.16
Sand  0.16 0. 04 —0.18* —0.07 0.17 —0.20" —0.21"
Totc 0.25"* 0.02 0.10 0.02 0.02 —0.12 0.13 0.16
CEC 0.27**—0.06 0.16 0. 05 0.02 —0.12 0.21* —0.10 0. 722 &
Gap —0.33**—0.23" —0.05 0.02 —0.25"" 0.08 0k 317" 5 0™17 —0.24"*—0.18"
ABH  0.07 —0.19* 0.24** 0.08 0.10 —0.14 —0.03 —0.18* 0.02 0. 04 0. 00
SHCV —0.15 —0.28"* —0.04 —0.10 —0.18" 0.27** 0.09 —0.05 —0.02 —0.05 0.19* —0.09
HBCV—0.38** 0.00 —0.47**—=0.11 —0.19" 0.14  —0.04 0.25**—0.12  —0.19* 0.18* —0.17 —0.13
(D 4 s , 3 o ,
’ ’ ° ’ o X 20m2 ’ N
3 o
(2) o ,
(CEC) o >5X10m?*,
(3 o s
Ay o A 2 o b
5X 5~10m?* , N ° N B
° 5X10m?* s s
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4 5X 10m? ( 64, x : P<<0.05; * % ; P<C0.01)

Table 4 The correlation matrix of the habitat factors on the analyzing scale of 5% 10m?

Elev Expo Posi Shap Slop Sodp Clay Sand Totc Cec  Gap ABH SHCV

Expo 0.33" "

Posi 0.38" *—0.07

Shap 0.42** 0.21 0.54"*

Slop 0.26" 0.07 0.39** 0.21

Sodp —0.44** 0.01  —0.34**—0.30" —0.41" "

Clay —0.17  —0.09 0.16 —0.01 —0.30** 0.19

Sand 0. 20 0.10  —0.25* —0.02 0.23 —0.06 —0.37"*

Tote 0.30" 0.05 0.09 0.06 0.03 —0.09 —0.06 0.19

Cec 0.22  —0.06 0.12 0.11  —0.04 —0.11 0.04 —0.10 0.71* "

Gap —0.27% —0.20 —0.04 0.00 —0.25% 0.02 .32%%—0.17  —0.23 —0.20

ABH 0.12  —0.19 0.33** 0.07 0.08 —0.14 0.08 —0.26"% 0.02 0.14 0.02
SHCV —0.23 —0.37**—0.10 —0.21 —0.14 0.35** 0.22 —0.09 —0.01 —0.07 0.19 —0.22
HBCV —0.44** 0.00 —0.50**—=0.18 —0.20 —0.25" —0.09 0.36**—0.07 —0.09 0.12 —0.21 —0.09

(=}

5 5X20m? ( 32, x : P<€0.05; * % ; P<C0.01)

Table 5 The correlation matrix of the habitat factors on the analyzing scale of 5 20m?.

Elev Expo Posi Shap Slop Sodp Clay Sand Totc Cec Gap ABH SHCV

Exop 0.38%
Posi  0.41* —0.08
Shap  0.49* *  0.30 0.46" "
Slop 0.33 0.02 0.49** 0.31
Sodp —0.48* *—0.02  —0.26 —0.29 —0.52*"
Clay —0.26 —0.06 0.08 —0.04 —0.36" 0.35"
Sand 0.25 0.18 —0.21 0.07 0. 30 —0.17 —0.39"
Totc 0.35% 0.16 0.12 0.19 0.13 —0.08 —0.20 0.13
Cec 0.26 0. 04 0.09 0.12 —0.09 —0.07 —0.11 —0.16 0.75"*

Gap —0.35* —0.22 —0.09 —0.12 —0.27 0.10 0.53* " 0.37" —0.40" —0.43"

ABH 0.14 —0.12 0.44** 0.06 —0.02 —0.16 0.09  —0.38" 0.00 0. 24 0.05
SHCV —0.27  —0.49"*—0.04 —0.23 —0.14 0.397 0.16 ol el ¥og i —0. 17 0.39* —0.23
HBCV—0.48"*—0.03 —0.58"*—0.17 —0.29 0.29 0.00 0.36* —0.19 —0.16 0.14 —0.31 0.01

6 5X 40m? ( 16, % :P<C0.05; * *x :><<0.01)

Table 6 The correlation matrix of the habitat factors on the analyzing scale of 5% 40m?

Elev Expo Posi Shap Slop Sodp Clay Sand Totc Cec  Gap ABH SHCV
Expo  0.43
Posi 0.46  —0.21
Shap  0.71** 0.28 0. 36
Slop 0.47 0.07 0.43 0.
Sodp —0.60* *—0.18 —0.07 —0.
Clay —0.29 —0.14 0.05 —0.33 —0.53" 0.59**
Sand  0.32 0.29 —0.26 0.26 0.35 —0.32 —0.33
Tote  0.44 0.25 0.32 0.40 0.50* —0.13 —0.20 0.33
Cec 0.51* 0.06 0.42 0. 38 0.56* —0.22 —0.25 0.11 0.75**
Gap —0.46 —0.32 —0.20 —0.50* —0.62"* 0.21 0.52* —0.36 —0.43 —0.48

2
ABH 0.14  —0.03 0.56°  0.01 0.19 0. 00 0.08 —0.43 —0.23 —0.03 0.19
SHCV —0.33  —0.61** 0.12  —0.23 —0.07 0.36 0.26  —0.23 0.09  —0.08 0.26 —0.21
HBCV—0.56" 0.0  —0.74**—0.25 —0.45 0.27 0.15 0.33  —0.24  —0.29 0.32 —0.38 —0.21
4 (Gap) o ,
o : Gap o (5X5m*)

. 5X40m? . Gap .
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Table 7 The scales effect of the environmental interpretation to the variation of vegetation
Scale
. 5X 5m? 5X10m? 5X 20m? 5X 40m?
Eigenvalues
Tree Shrub Herb  Tree Shrub Herb  Tree Shrub Herb  Tree Shrub Herb
Sum 18. 71 6.43 11.14 11.39 5.02 8.16 6.52 4. 34 5.82 8. 32 3.24  4.04
S.C.E 2.78 1.51 2. 06 2.92 1.80 2.61 3.12 2.41 2.95 8.12 3.06 3.87
All factors %) 14.93 23.71 18.63 25.70 35.97 31.88 47.75 55.89 50.68 97.62 93.93 96.21
Weight 0.67 0.33 0.50 0.69 0.41 0. 64 0.70 0.63 0.52 1.93 0.86 0.81
Comm. stru. %) 24.10 21.85 24.27 23.63 22.78 24.52 22.44 26.14 17.63 23.77 28.10 20.93
Light Weight 0.16 0.07 0.11 0.14 0.07 0.11 0.15 0.09 0.42 0.56 0.18 0.35
% 5.76  4.64 5.34 4.79  3.89 4.21 4. 81 3.73 14.24 6. 90 5.88 9.04
Soil Weight 0.80 0.36 0.58 0.89 0.43 0. 80 1.00 0.65 1.08 2.47 0.75 1.52
%) 28.78 23.84 28.16 30.48 23.89 30.65 32.05 26.97 36.61 30.42 24.51 39.28
Weight 1.15 0.75 0. 87 1.20 0.89 1.06 1.27 1.04 0.93 3.16 1.27 1.19
Topography %) 41.37 49.67 42.23 41.10 49.44 40.61 40.71 43.15 31.53 38.92 41.50 30.75
S. C. E.: Sum of constrained cigenvalues; Weight: Sum of the canonical/regressive coefficients of the habitat factor

groups
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4.79%~6.90%.3.73%~5.88%.4. 21 % ~14. 24 %,

5% 20m?* o 28.78%~32.05%.23. 84 % ~
26.97%.28.16% ~39.28% , . 38.92% ~
41.37%. 41.50%~49.567% . 30.75%~42.23%, ,

8
Table 8 The effects of scale and number of samples to the environmental interpretation of vegetation variation
Scale
No. of 5X 5m? 5X10m? 5X 20m? 5X40m?
samples
samples Tree Shrub Herb  Tree Shrub Herb  Tree Shrub Herb  Tree Shrub Herb
128 14.93 23.71 18.63
64 28.35 34.64 29.85 25.70 35.97 31.88
32 49.08 55.96 51.37 47.75 55.89 50.68
16 94.92 93.82 91.85 97.62 93.93 96. 21
, [10,18,19]
4
(CCA) . Bocard (Partial
CCA) N s
[10, 18~20] s [10]
b Y Y 3 ’ ’
s 3 [18] 28~
35 50cm X 50cm s 10 2 s
71.8%~83.2%. S
153 20m X 20m s 7 3 s
22.25%, .Borcard % s 200 20m X 10m
6 b
10.8%  9.5%. 3 )
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