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Diversity Characteristics in Different Layers of Pinus tabuliformis-
Quercus aliena var, accuteserrata Mixed Forest and Environmental
Interpretation in the Southern Slope of Qinling Mountains

WU Hao''?,ZHANG Mingxia' , WANG Dexiang'*
(1 College of Forestry, Northwest A&F University, Yangling 71200, China; 2 Wuhan Botanical Garden,Chinese Academy of Sci-
ences. Wuhan 430074 ,China)

Abstract ; Set 11 plots in the southern slope of Qinling Mountains in Shaanxi Province, the characteristics of Patrick
richness index, Simpson dominance index, Shannon-Wiener diversity index and Pielou evenness index are studied,in
terms of the species comprise,diversity index differences and gradient ordination between diversity indices and envi-
ronmental factors of Pinus tabuliformis and Quercus aliena var. accuteserrata mixed forest, to reveal the relation-
ships between community diversity characteristics and environmental factors. Results indicated that: (1)11 plots re-

cord 112 species vascular plants, belong to 45 families 77 genera. The wide distribution species include Rosaceae,
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Asteraceae, Liliaceae, Pinaceae, Poaceae and Caprifoliaceae. (2) The dominant positions of P. tabuli formis and Q.
aliena var. accuteserrata are significant. The auxiliary species in tree layer are less with average only 4. 8 and the
biodiversity level is low. The species compositions of shrub layer are rich,average 11. 4. The herb layer takes second
place,average 9. (3)One-way ANOVA analysis indicates difference of diversity indices from 4 different forest layers
all reaches extremely significant level (P<C0. 01),1.SD multiple comparison illustrates the values of diversity indices
from community overall are the highest, while diversity level of tree layer is the lowest. (4) CCA method divides the
distribution of diversity indices from different layers along 12 environmental indicators (terrain factors and soil nu-
trients) gradient into 3 sectors,they are | (medium concentration of soil phosphorus and organic matters restricted
area) ,][(non- environmental factors restricted area) and [[[ Chigh concentration of soil phosphorus restricted area) ;
community overall diversity indices are mainly influenced by shrub layer, meanwhile influenced by tree layer even-
ness indices, but environmental factors nearly have no restrictive roles on tree layer diversity. (5) The main factors
causing diversity difference among different layers of community in study area are soil available phosphorus, total
phosphorus and organic matter, while elevation, slope and other terrain factors have no significant effects on com-
munity diversity. It may be due to soil nutrients direct influence weakens indirect ecological role of terrain factors.
Studies show that keeping moderate soil nutrients and improving tree layer evenness by upbringing is an effective
measure for maintaining P. tabuli formis and Q. aliena var. accuteserrata mixed forest biodiversity in the southern
slope of Qinling Mountains.

Key words: Pinus tabuli formis-Quercus aliena var. accuteserrata mixed forest; biodiversity index;environ-

mental factors;canonical correspondence analysis; Qinling Mountains
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Table 1  General survey of sampling sites in the study area
FEHL 5 s {0373 Wi i fir i 1n] H LR pH {H RE L RE 3%
Plot No Location Elevation/m  Slope/®  Slo-position  Aspect Org/%  pH value Description of the sample plant community

) PR . WA+ B MR- AR 22 735 5+ AR Pl abuli formis+
1 Xunvan ‘b' 1604 32 ft Middle SW55 5.011 5.3 Quercus aliena var. accuteserrata-Litsea cubeba-Rubia

unyangba cordi folia + Carex siderosticta

I RS+ BB R AR T B+ AR P abuli formis+
2 H oditu 1533 28 F Lower SE40° 5.628 5.7 Q. aliena var, accuteserrata-L. cubeba-R. cordifolia +

toditang C. siderosticta

i I 1 0K A3 P,
3 H dit'u 1582 38 i Middle SE20° 5.572 5.7 tabuliformis + Q. aliena var. accuteserrata-Schisandra

uodrtang chinensis + Smilax stans-Carex tristachya—+R. cordi folia

K 4 ) AR - B PR TR T B BRAR P tabuli formis
4 Hu dimun 1635 25 I Lower SE20° 3.371 5.5 +Q. aliena var. accuteserrata-S. chinensis-C. tristachya

uoditang + Adiantum capillus-veneris

. A B PR A+ - R R AR P

[ 41 - X . B - tabuli formis+ Q. aliena var. accuteserrata-Lonicera ja-
g Xunyangba 1387 38 £ Upper SW55 8027 6.8 ponica+ Celastrus orbiculatus-C. tristachya+ Poa pre-
tensis

B AN+ BRI R R R R AR P

6 Xunvan ‘ha 1261 35 f Middle w 3. 164 4.9 tabuli formis + Q. aliena var. accuteserrata-Lonicera
yang japonica+C. orbiculatus-C. tristachya=+ P. pretensis

I TR BV MR- TR T B BRAR P tabuli formis
7 Xunyan ‘bq 1212 40 th Middle S 3.482 5.3 +Q. aliena var. accuteserrata-S. chinensis-C. tristachya

unyangb +A. capillusveneris

1 B 31 R TR -+ B0 05 W BR- TR - B 5+ KB P. tabuli formis
8 Xunvan ‘b' 1270 30 I Upper SE45 2.769 5.3 Q. aliena var. accuteserrata-S. chinensisC. tristachya

unyangba +A. capillusveneris

LR IS + B MR- LR T R BE P, tabuli formis
9 Xunyan ‘b"l 1164 31 T Lower w 3.404 6.0 +Q. aliena var. accuteserrata-S. chinensis-C. tristachya

unyangha +A. capillusveneris

S TS B MR- A6 R - B AR P tabuli formis +
10 Huodit:n 1665 33 i Middle S 4,620 4.9 Q. aliena var, accuteserrata-Symplocos paniculata-R.

g cordifolia+C. siderosticta

K I TR 80 U5 Mt MR- 96 2+ B AR P rabuliformis+

11 Huodilfng 1658 29 i Middle S 4,318 5.6 Q. aliena var. accuteserrata-S. paniculataR. cordifolia

+C. siderosticta

I SW. PYRI: SE. R W. PUHE:S. B

Notes: SW. South-west aspect; SE. South-east aspect; W. West aspect; S. South aspect.
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Table 2 Importance values of the main dominant species in tree,shrub and herb layers
P % Fr A R M
Species 1% Species IV

B AR Quercus aliena var. accuteserrata 4,293 AL Symplocos chinensis 0.191

SIS Pinus tabuli formis 3.991 L Rosa multiflora 0.181

LN Pinus armandii 0.487 INM Lot Ligustrum quihoui 0.178

{Efiie% WK Picrasma quassioides 0. 365 (%h?fu% 445 F Elaeagnus umbellata 0.153
BREE Quercus acutissima 0. 309 INWA Populus simonii 0. 146

BeA Cornus macrophylla 0.299 INM L Smilax microphylla 0.129

W Toxicodendron vernici fluum 0.209 W F Elaeagnus pungens 0.119

B A& Lonicera japonica 1. 644 B Carex tristachya 2. 440

B F Rubus corchori folius 1.148 47 Carex siderosticta 2.131

EAT Phyllostachys heterocycla 0.883 BBk Adiantum capillus-veneris 1.312

MM E Celastrus orbiculatus 0. 867 H R ER Poa pretensis 1.195

T F Schisandra chinensis 0.656 SKAKEE Oplismenus undulati folius 0.508

KZEF Litsea cubeba 0.528 WL Rubia cordi folia 0.398

AR T¥ Euonymus alatus 0.493 A B Wik Dennstaedtia scabra 0. 365
Shrub # 3 Smilax china 0.405 Herb M E 5 Carex rigescens 0.333
FEMFEFL Smilax discotis 0. 379 FERAEL Thalictrum aquilegi folium 0.327

WK T Lespedeza bicolor 0.337 4B H Artemisia roxburghiana 0.223

45 88 Desmodium racemosum 0.318 K EH Saussurea japonica 0.197

148 Symplocos paniculata 0.294 FeM 5 & 5 Carex onoei form., latifolia 0.182

F 2 H; Discorea nipponica 0.281 L Arthrazon hispidus 0.177

SR FE S Smilax stans 0.265 HH G Carex lithophila 0.117
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Table 3 ANOVA of species diversity indexes among different layers

75 S e Y ¥ g5 SRR ¥J5 FA§ P 1
Source of variation Sum of squares df Mean square F value P value
4] 2 768. 727(R) 922.907(R) 128.996(R) <0.001(R)
Bot 0.317(0) s 0.106(0) 21.065()) <0.001(0)
er(xein 5.509(H) ‘ 1.836(H) 13.972(H) <<0. 001(H)
Eroups 0.109(E) 0.036(E) 6.523(E) 0.001 (E)
286. 182(R) 7.155(R)
4
W‘i'ﬁn 0.201() 0 0. 005()
ou 5.257(H) 0.131(H)
group 0.223(E) 0.006(E)
gre o
Total : 43
variation 10. 766 (1D
0.332(E)

7F :R. Patrick & & & 48 %; 1. Simpson i # B 45 %; H. Shannon-Wiener Z V5% E. Pielou Y45 5. FH.

Notes:R. Patrick richness index;A. Simpson dominance index; H. Shannon-Wiener diversity index;E. Pielou evenness index.
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Fig. 1 Box figures of biodiversity indexes variation from different layers

The height of box refers quarterback space of index,the smaller the height,the lower the variation;horizontal line in the box

refers median,and the two lines up and down refer maximum and minimum except outliers,distance between them refers range,

the smaller the range.the higher the concentration;different letters above the box represent differences of diversity index

reaching significant at P<C0. 05 level, the same letter indicates no significant difference
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CCA HEJp Rt B 45 K 3k 4 PR i w4 HEF
BlowT By -0 450G R A R 1 R T sTk ek B 7500 (1
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Table 4 Characteristic values and cumulative

percentage variance of CCA ordination axes

5iH CCA HEFF %l Ordination axe of CCA

Item

AX1 AX2 AX3 AX4

5
.tfﬂ‘ﬁﬁ 0.002 0.002 0.001 0.000
Eigen values
it
Cumulative percentage 39,4
variance

75.0 88.8 94.7

5 WEEFESE CCARTAMEXRE
Table 5 Correlation coefficient between environmental

factors and first two ordination axes of CCA

3% & $ Correlation coefficient

WEE
Environmental factor AX] AX?
Wik ELE 0.274 —0.233
Wi SIO-PO —0.126 —0.130
Yk 1] ASP —0.010 —0.252
Yk BE SIO 0.101 —0.093
2% TN 0.217 —0.324
4 TP 0.632 —0. 364
44 TK 0.433 —0.241
AHHLE ORG 0.301 —0. 384
HALA AN 0.070 —0.056
AL AP 0.626 —0.495
HERA AK 0.129 0.082
pH {H pH 0.190 0.076

iR 5 5K 2 TLIE X CCAL ke £ %2
VR A PR 32 202 2 0 OFE OG R 8K 0. 632) i 1 30 ol
(FI2EZE 8 0. 626), %F CCA2 i FEA/E MK T
Sy AR (R 26 R B0— 0. 495) R4 HLJR (R 26 R 8K
—0.384), BEPWTE CCAL Hh A4 . 13 2 0k A
RSO W Tt L WY A CCA2 vl MR B, £
6 AL R ML o TR
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Fig. 2 Two-dimensional CCA ordination
diagram of diversity indexes
a. Tree layer;s. Shrub layer; . Herb layer; The code of
environmental factors is the same as Table 5. The small circle
represents diversity index,and its location represents the maximum
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