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Effects of environmental factors on the species composition of
three typical secondary forests in Qinling Mountains

ZHANG Zi-liang, YU Fei, WANG De-xiang

(College of Forestry , Northwest A&F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective)] This study clarified the relationship between environmental factors and species
composition of three typical secondary forests, i. e., Pinus tabuli formis forest, Quercus aliena var.
acuteserrata forest,and their mixed forest in Qinling Mountains, to test whether different vegetation layers
response differently to the same environmental variables and determine the dominating factors. [Method] A
total of 45 vegetation plots were set up in 5 typical pine-oak-forest areas including Huoditang Forest Dis-
trict on the south slope of Qinling Mountains and Huangbaiyuan Nature Reserve to conduct coenological
investigation in the herb,shrub and tree layers separately. Canonical correspondence analysis (CCA) was
used to rank and determine the 6 main environmental factors (elevation,slope,aspect,slope-position, cano-
py density,and thickness of litter layer) relating to species composition of different vegetation layers. [Re-
sult] (1) A total of 321 vascular plants species belonging to 183 genera and 73 families were recorded in
the plots investigated,among which there were 138 herbs, 105 shrubs (including woody climbers) ,and 78
trees. (2) Species composition in all vegetation layers of 3 communities showed a statistically significant

correlation with elevation and slope. In contrast, species composition in herb layer showed a correlation
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with slope aspect and the litter layer thickness,and slope aspect also presented a correlation with species

composition in tree layer. [Conclusion) Species composition in each layer responded distinctly to different

environmental factors. Elevation was the main factor affecting species composition both in herb and shrub

layers among the six factors,followed by the slope. Slope was the dominating factor of species composition

in tree layers of typical secondary forests in Qinling Mountains.

Key words: secondary forest community; species composition; environmental factors; Qinling Mountains
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Table 1 Information of the 45 sampling sites in 3 typical secondary forests on the south slopes of Qinling Mountains

Wefir i 5 0 J2 TR BE /e MR AR A 2

L ZJE(E) 25 (N) 4R /m R/ () e/ sl ok . .
< . . . . J ope- Thickness o Canopy
Site No. Longitude Latitude Elevation Slope Aspect B . .
position litter layer density
1 108°27'38" 33°25'58" 1658 15 W h Middle 3.3 0.86
2 108°28'15" 33°27'10" 1562 30 E 1 Middle 3.2 0.70
3 108°27'10" 33°26'35" 1532 36 E F Lower 3.0 0.85
4 108°26'45" 33°26'20" 1547 26 SW F Lower 1.7 0.65
5 107°56'10" 33°42'02" 1437 15 SW70 1 Middle 6.0 0.85
6 107°47'13" 33°50'14" 1449 0 N F Lower 2.4 0.75
7 107°49'54" 33°50'53" 1396 0 N I Upper 3.7 0. 60
8 107°41'03" 33°48'40" 1618 33 NW60 F Lower 2.6 0.65
9 107°40"42" 33°48'45" 1617 20 NE10 F Lower 2.4 0. 80
10 107°47'52" 33°50"49" 1 504 15 SW37 1 Middle 1.8 0.82
11 107°48'58" 33°50'39" 1 340 20 NE65 ft Middle 1.3 0.76
12 107°31'12" 33°49'56" 1350 30 WS35 | Upper 2.0 0.70
13 107°30'57" 33°47'42" 1306 18 NW45 F Lower 2.0 0.76
14 107°31'56" 33°48'30" 1341 35 NW50 th Middle 2.0 0.72
15 107°31'45" 33°50'53" 1 345 35 NW50 T Lower 2.0 0.74
16 108°27'15" 33°25'55" 1665 33 S 1 Middle 3.0 0.85
17 108°26'31" 33°25'59" 1516 31 S F Lower 5.0 0.81
18 108°27'06" 33°25'48" 1658 29.5 S 1 Middle 2.7 0.65
19 108°27'19" 33°25'57" 1643 32.5 SW25 T Lower 3.0 0.75
20 108°27'11" 33°26'01" 1590 30 SW42 T Lower 3.1 0.68
21 108°32'25" 33°31'32" 1587 35 SW37 I Upper 2.0 0.85
22 108°32'24" 33°31'32" 1 604 32 SW55 1 Middle 2.7 0.75
23 108°26'06" 33°26'16" 1533 28 SE40 F Lower 2.3 0.87
24 108°25'46" 33°26'09" 1582 38 SW20 i Middle 3.0 0.83
25 108°26'05" 33°26'15" 1521 42 SE45 T Lower 3.7 0.72
26 108°27'11" 33°26'06" 1 680 30 SW75 I+ Upper 3.7 0.75
27 108°25'42" 33°25'48" 1498 38 S 1 Middle 3.3 0. 60
28 108°27'27" 33°26'06" 1635 25 SE20 F Lower 3.0 0.72
29 108°26'51" 33°26'21" 1608 35 NW10 i Middle 1.0 0.70
30 108°27'37" 33°26'07" 1602 25 SE5 h Middle 2.3 0. 60
31 108°25'45" 33°26'45" 1665 31 S 1 Middle 3.0 0.85
32 108°26'04" 33°25'52" 1635 37 E i Middle 2.0 0.79
33 108°25'26" 33°26'41" 1658 29.5 S 1 Middle 2.7 0.79
34 108°25'46" 33°26'33" 1690 41 SW 1 Middle 2.3 0.78
35 108°27'35" 33°25'42" 1635 38 SW th Middle 2.7 0.93
36 108°25'48" 33°26'24" 1673 48 w I+ Upper 2.3 0.91
37 108°27'19" 33°25'50" 1620 43 SW8 I+ Upper 3.3 0.83
38 108°27'22" 33°25'50" 1631 35 SW12 1 Middle 3.6 0.85
39 108°26'27" 33°26'04" 1662 45 SW27 I Upper 3.3 0. 80
40 108°26'10" 33°26'01" 1662 43 SW20 I+ Upper 4.0 0.50
41 108°25'50" 33°26'45" 1669 41 SWS80 T Lower 3.3 0. 80
42 108°25'51" 33°26'45" 1 660 39 SW35 1 Middle 3.5 0.75
43 108°25'47" 33°26'47" 1665 32 SW32 1 Middle 3.7 0.68
44 108°26'15" 33°26'54" 1701 39 SW28 1 Middle 3.7 0.33
45 108°26'01" 33°26'39" 1684 45 SW30 i Middle 3.5 0.53

1 1~15 5 R AR AR M, 16 ~30 S MARRIR ZE MRREdb , 31~ 45 5 S B AR ARFE M 5 SE. ZRpg 3, E. AR 3, SW. VIR 3, S. pg 3k . NW. 15 b
P NE. by, W, Fas,

Note:Plots 1—15,16—30 and 31—45 are Pinus tabuli formis forest, P. tabuli formis-Q. aliena var. acuteserrata mixed forest and Quercus
aliena var. acuteserrata forest,respectively. SE. South east aspect, E. East aspect,SW. South west aspect.S. South aspect, NW. North
west aspect, NE. North east aspect, W. West aspect.
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Table 2

Importance values and species composition of 3 forest communities at different succession

stages on the south slopes of Qinling Mountains

VR e AKJZE Tree layer #EAKJZ Shrub layer HAJZE Herb layer
Community Y Fh Species EEE IV W) Ff Species HEE IV PFh Species HEME IV
HEVA - Wk F . FF 2
Pinus tabuli formis 10.529°5 Lespedeza bicolor 1.6339 Festuca ovina 1.630°3
A s i ey
AR 1.009 6 SOECT 1.352 0 Loomw 1.461 9
NER AT Pinus armandi Lespedeza buergeri Carex tristachya
Pinus 5 BE Quercus - BT HF
tabuli formis  aliena var. acuteserrata 0.592.4 Rubus corchori folius LA Deyeuxia arundinacea 1.2843
forest ok b i -
B e - PN
Toxicodendron vernici fluum 0.470 4 Smilax china 0.908 5 Carex lanceolata 10707
H 2 b A
Tt 0.344 0 HER 0.836 2 Mllw 0.994 7
Populus cathayana Jasminum mesnyi Roegneria kamoji
BEBTER Quercus 5.533 1 BT 2.0117 G 3.024 2
aliena var. acuteserrata ! Rubus corchori folius ' Carex tristachya o
FARRIR 2SR AN g o g
P. tabuli formis i - ik 5.131 1 it 1.683 4 . BE 2.994 4
. Q ZA' Pinus tabuli formis Smilax stans Carex siderosticta
. aliena P N o P
var. AR 1.615 7 SL 1.470 4 A 2.597 9
Pinus armandi Symplocos paniculata Carex rigescens
acuteserrata . .
mixed _ LI 0.500 5 L 1.314 2 S 1.048 2
. oxicodendron vernici fluum cuonymus alatus ubia cordifolia
forest T dend 1l E lat Rub di fol
Tsugﬁ}%nemi\' 0.334 4 Smil?z%hina 0.897 4 /\gro/)yif{:{il%ris‘tanun 0.690 3
B EE Quercus aliena 10. 200 5 S ED 9 398 9 =y 6201 0
var. acuteserrata : Smilax discotis : Carex rigescens :
. RS SEizl . B
ééﬁb%/w Pinus tabuli formis 1.359°8 Symplocos paniculata 2.1634 Carex tristachya 1.405°9
uercus ot R B T v e
aliena var. . . W 0.577 8 EHRET 1.088 2 A 0.719 5
Toxicodendron vernici fluum Rubus mesogaeus Festuca ovina
acuteserrata ok BT e
Sforest / ce = B
Cornus macrophylla 0.356°5 Rubus corchori folius 0.893 6 Carex siderosticta 0.545 2
e \ e o I
L 0.226 0 iR 0.633 0 R i 0.530 6

Pinus armandi

Lonicera fragrantissima

Roegneria kamoji
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BeAr R L AT RS e PR 5 B Y T0I A . A
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USRI L 5 52 W0 7 R J2 ) 28 o ) = R B I 2
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X TR APy () 52 e A Ok 35 (P<<0. 05)

3.2.2 AT H5HF A KA T
MR JE  CCA HEF &5 A8 /m T A8 i 5 B %
BRI AR Z AR R (R D,

WERFNEREE 3 MAREELRAEEMNREIEFE S Monte Carlo #84 R

Table 3 Forward selection analysis and Monte Carlo test of environment factors affecting different layers of

3 forest communities on the south slopes of Qinling Mountains

b78 e HARJZE Herb layer #EAKJZ Shrub layer F*AKJZE Tree layer
Environment factors ME CE P ME CE P ME CE P

3K Elevation (ED 0.49 0.49 0.002" * 0.31 0.31 0.002** 0.13 0.05 0.010*
)& Slope (SD 0.42 0. 35 0.002" * 0. 26 0.24 0.002** 0.19 0.19 0.002**
Y] Aspect (As) 0. 44 0.19 0.006" * 0.23 0.13 0.076 0.14 0. 05 0.020*
Y fii Slo-position (Sp) 0.09 0.06 0.874 0.08 0.07 0.576 0. 04 0.01 0.438
MITEAR ] BE Canopy density (Cd) 0. 06 0.05 0.832 0.09 0.08 0.514 0.01 0.01 0.688
AL 7% 1 2 B BE Thickness(Th) 0. 34 0.27 0.004 " * 0.12 0.09 0. 340 0.03 0.01 0. 936

W o RARAEEH T X BIE WA A R R E P=0.05 KF LR, » « FRAEFXEEDHA R mE P=0.01 /KF L &%
ME(Marginal effects). &7 §9 B/ B . CE(Conditional effects). 5] A HiAth 28 & 22 J5 B2 AU1E R .

Note: * and * x indicate the effects are significant (P=0. 05) and extremely significant (P=0. 01) ,respectively; ME (Marginal Effects)

indicates the single action of every variable, while CE (Conditional Effects) means the action of multiple variables.

R4 FEHEESHANRIENBEEPIEZNEEYHARNTERFS

CCART 2 M HIF Mz B EX RS HEEMRRTEE

Table 4 Correlation coefficients, eigenvalues,and cumulative percentages of environmental variables affecting

species composition of different vegetation layers in 3 typical secondary forests on the south slopes of

Qinling Mountains and the first two axes from CCA ordinations

HEEH T

HAJE Herb layer

#EAKJZ Shrub layer

FrAKJZ Tree layer

v RS WM HEm 2 WML HEm 2 W1 HE 2
Axis 1 Axis2 Axis 1 Axis2 Axis 1 Axis2
#54k Elevation (ED —0.798 0. 545 —0.988 0. 157 —0.698 —0.603
W& Slope (SD —0.722 —0.468 —0.573 —0.820 —0.883 0.419
i 1a] Aspect (As) —0.807 —0.211 - - —0.734 —0.116
Rk % M 2B BE Thickness (Th) —0.522 —0.197 — — — —
HR1F{H Eigenvalue 0.599 0. 341 0.316 0.238 0.241 0.026
BTk % /% Cumulative percentage 46,1 72.3 57.1 100. 0 84.0 93.6
HEIT il 2P R Tes of P=0.002 P=0.002 P=0.002

significance of all canonical axes
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Fig. 1

CCA ordination of 45 quarts and environmental factors in 3 typical secondary forests on

the south slopes of Qinling Mountains

1—45 are the quadrat number in correspondence to Table 1;

El Elevation, Sl. Slope, As. Aspect, Th. Thickness of litter layer,the same for Fig. 2
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1. W Tilia tuan ;2. BT Carpinus turczaninowii ;3. BB Acer grosseri ;4. HALTE ¥ Larix principis-rupprechtii ;5. #UI# Pinus ar-
mandi ;7. kK Cornus macrophylla ;8. %M Toxicodendron vernici fluum ;9. T 4x ¥ Carpinus cordata ;10. ¥ Populus cathayana ;11. 8Ltk ¥k
Quercus aliena var. acuteserrata; 12, %% Tsuga chinensis;13. Tk A Rhus chinensis ; 14, WMk Juglans cathayensis;15. A Pinus tabuli for-
miss16. 3 Smilax china 17, 148 Symplocos paniculata s 18. & B#IK T Lespedeza davurica; 23. 5 5% Hil Berberis julianae; 24. #] B T
Elacagnus pungens; 25. WK ¥ Lespedeza bicolor 26, W)W 3£ 3% Viburnum plicatum ; 27, # I HL Symplocos chinensis ; 28. e J& 3% Viburnum
betuli foliwm ;32. WlER Lonicera fragrantissimas33. 7S A Abelia bi flora; 34, W H K F Lespedeza buergeri; 37. EMHIA F Lespedeza
formosa ;38. LT B F Rubus amabilis ; 40. 15+ Elaeagnus umbellata ; 41. $ W 2 4 Lonicera tragophylla ; 43. $5 5 3 3L Smilax stans ;
46. 11548 Desmodium racemosum ;48. ¥ 3 TF Euonymus phellomanus 552. 5 B & #) T Rubus mesogaeus ;53. /NH 4L 51 Ligustrum quihoui ;
56. BEIF Rubus corchori folius 358, W% Rosa multi flora ;59. 385 Artemisia argyis61. 13 Imperata cylindrical ;62. W% 25 Treris den-
ticulata ;63. VR FEMNEL Thalictrum baicalense ;65. K&k Euphorbia pekinensis;66. K4 & 2 Carex lanceolata ;67. W EL Roegneria kamo-
7i368. B2k Stellaria media ;69. 3¢ 3% Sedum aizoon ;70. W4 Saussurea japonica ;73. KL Arthrazon hispidus ;75. BBAE Lysimachia barys-
tachys 377, £ % Ophiopogon japonicus ;79. #§ & Rubia cordi folia ;82. g% Duchesnea indica ; 84. & & Carex tristachya ;85. JEFAE Thalictrum
aquilegi folium;87. M B 1 Carex rigescens ;89. #itE Valeriana of ficinalis;90. fiAE Carex siderosticta;91. £ 3 Festuca ovina 5 93. BAR 4
Anemone viti folia ;94. & 58 Epimedium brevicornu ;95. P 53# B ¥ Sinacalia tangutica ;96. 45%5 Aster tataricus
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Fig. 2 CCA ordination of species and environmental factors in 3 typical secondary forests
on the south slopes of Qinling Mountains

96 species with importance value of 0. 2 are shown
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