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Abstract Based on investigations during 1998-2003,
shrubs and herbs, as well as indicators of similarity and
diversity in Pinus tabulaeformis forests of ten regions
around Beijing were compared and analyzed, and protec-
tion measures were suggested. Generally, the shrubs and
herbs in P. tabulaeformis forests of Shidu, Mutianyu, and
Yunfengshan are rich in species diversity and have great
similarities. The percentages of common species in each of
these three paired regions are above 50%, while many
peculiar plant species that could not be found in the other
nine regions exist in Labagoumen. As for plant diversity
indices, plants in the P. tabulaeformis forests of Baihua-
shan, Shidu, and Labagoumen occur more frequently than
in other regions, while the number of plants in Tanjiesi and
Miaofengshan are far less. Some endangered orchid
species were found distributed in P. tabulaeformis forests
with a clumped spatial pattern but rarely appeared in other
forest types, indicating that P. tabulaeformis forests are
ideal habitats for orchid species.
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are artificial forests, except for some natural secondary
forests in Songshan, Baihuashan, and Yunfengshan.

There have been many studies made on P. tabulaeformis.
For example, Wu and Feng [1] discussed in detail the
characteristics of P. tabulaeformis communities and their
distribution in China. Zhang and Liu [2] studied the
biodiversity of natural P. tabulaeformis in Songshan. Gao
et al. [3] investigated the changes of biodiversity over time
in secondary, protected P. tabulaeformis forests. Other
studies of P. tabulaeformis in China largely concentrated
on plantations or community structures, but seldom did
these investigations discuss the diversity of P. tabulaeformis
forests.

Although it is currently a popular topic in ecology,
studies in biodiversity have only focused on one particular
Nature Reserve or a small protected area. Ma et al. [4]
studied the plant diversity in Donglingshan Mountains, and
it was also investigated in the Beijing Labagoumen Nature
Reserve [5—7]. This paper, however, integrated data of P,
tabulaeformis forests from 12 Beijing mountainous areas
and compared the plant species’ similarity, as well as their
diversity, in P tabulaeformis forests to present basic
information on the P. tabulaeformis forests in Beijing for
further studies.

1 Introduction

Pinus tabulaeformis is one of the component species in
Beijing mountainous areas. It is also a favorable species for
plantations. Most of the P. tabulaeformis forests in Beijing
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2 Methods
2.1 Standard site settings and investigation methods

Field studies were carried out from 1998 to 2003; the 110
major sites were located in 12 regions: Tanzhesi, Jietaisi,
Yunmengshan, Shidu, Baihuashan, Donglingshan, Yun-
fengshan, Miaofengshan, Mutianyu, Shihuadong, Song-
shan, and Labagoumen. We selected data of 58 typical sites
from these 110 sites. We combined the Jeitaisi area with
Tanzhesi region with a name of Tanjiesi because these two
places are close together and the plant species composi-
tions are similar. For the same reasons, we attached the
Donglingshan area to the Baihuashan region.
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We chose typical P. tabulaeformis communities accord-
ing to their origins: natural forests or plantations as well as
by elevation, slope position, etc. We established 20 m x
20 m study plots, with each one having five 2 m x 2 m
shrub plots and ten 1 m x 1 m herb plots. The collected
information included the name, diameter at breast height,
and height of all trees on the sites as well as the individual
number and coverage of shrubs and herbs in a plot.
Ecological factors such as elevation and soil conditions
were also recorded.

2.2 Calculations
2.2.1 Plant species similarity index

The Sorensen index [8] was used in this study as the
coefficient of community (CC) to express plant similarity.

2a

cC =
b+c

(M

where a represents the number of common plant species in
two communities; b and ¢ stand for the number of plant
species peculiar to the two communities [8].

2.2.2 Biodiversity indices

Richness, biodiversity, and evenness indices were selected
to indicate several characteristics of the P. tabulaeformis
communities with the following indices suggested by Ma
and Liu [9].

The Gleason richness index

N
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Margalef’s richness index
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The Gini diversity index
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The Shannon—Wiener diversity index
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Pielou’s evenness index (based on the Shannon—Wiener
diversity index)

D
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The importance value (IV) of shrubs and herbs is equal
to

(Comparative richness + Comparative frequency
+ Comparative coverage)/3

™)

In the formulas above, s means the plant species number
on a site, NV represents the total number of individual plants
on a site, 4 stands for the site area, and P, is the ratio of the
total number of plants of species i to the total number of
individual plants on the research site.

3 Results and analyses

3.1 Comparison of the species richness
of the P. tabulaeformis forests in the ten regions

According to the investigation, P. tabulaeformis forests are
scattered all around Beijing. There were forests of pure P
tabulaeformis, Betula platyphylla—P. tabulaeformis, Populus
davidiana—P. tabulaeformis, and Quercus mongolica—P.
tabulaeformis. The P. tabulaeformis forests were rich in
species diversity; the total number of plant species reached
351; we found 90 species in Baihuashan, 69 in Miaofeng-
shan, 123 in Mutianyu, 113 in Shidu, 149 in Yunfengshan,
113 in Labagoumen, 55 in Shihuadong, 74 in Songshan, 67
in Tanjiesi, and 88 in Yunmengshan. The 11 dominant
shrub species included Spiraea pubescens, S. trilobata,
Vitex negundo var. heterophylla, Grewia biloba var.
parviflora, Leptopus chinensis, Rhododendron mucronatum,
Deutzia parviflora, and D.hamata var. baroniana. The 22
dominant herb species included Calamagrostis arundinacea,
Carex lanceolata, Spodiopogon sibiricus, Saussurea pecti-
nata, S. nivea, Dendranthema chanetii, Selaginella sinensis,
Selaginella davidii, Rabdosia japonica var. glaucocalyx,
Thalictrum minus var. hypoleucum, Iris ruthenica var. nana,
and Artemisia gmelinii.

Orchid plants were found scattered in all the P
tabulaeformis forests, including Malaxis monophyllos,
Herminium monorchis, Liparis japonica, Platanthera
chlorantha, Neottianthe cucullata, Neottia camtschatea,
and Cypripedium macranthum. The P tabulaeformis
forests located on shady slopes were especially favored
by the orchids. The orchids grew in the P. tabulaeformis
forests on shady slopes at elevations from 300 to 1,200 m.
Usually, the orchids grew in clumps of more than ten



individuals each, except for N. camtschatea and C.
macranthum. The P. tabulaeformis forests provide suitable
living conditions for orchids, such as high humidity and
low competition stress. Proper management of the P
tabulaeformis forests can thus provide the orchid with a
congenial habitat.

All the P tabulaeformis forests studied have a rich
variety of species in addition to their own peculiar species
(Table 1).

The P. tabulaeformis forests in Labagoumen have the
greatest number of plant species peculiar to the region (26
species, consisting of 8 shrubs and 18 herbs; Table 1),
while those in Shihuadong and Miaofengshan have the
least number of peculiar plant species (5 and 6 plant
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species, respectively). N. camtschatea and C. macranthum
are only distributed in Baihuashan. We ought to pay more
attention to these two species.

3.2 Comparison of the similarity
of the P. tabulaeformis forests in the ten regions

The coefficient of community (CC) based on Eq. (1)
showed that the most similar communities are P
tabulaeformis forests in Shidu and Mutianyu, with a CC
of 54%, followed closely by P. tabulaeformis forests in
Yunfengshan and Mutianyu and in Yunfengshan and
Shidu, respectively, with CC values of 52% and 51%

Table 1 Peculiar plant species® in the ten regions in P. tabulaeformis forests

Region Peculiar plant species

Number of shrubs
and trees/number of herbs

R1

Syringa pubescens, Carpinus cordata, Celtis bungeana/Aleuritopteris kuhnii var. brandtii,

3/8

Vicia bungei, Sonchus brachytotus, Potentilla reptans var. sericophylla, Aconitum barbatum
var. puberulum, Adiantum capillus-junosis, Neottianthe cucullata, Neottia camtschatea

R2
Cleistogenes hackeli var. nakai, Cleistogenes chinensis
R3

Celtis koraiensis, Koelreuteria paniculata/Saussurea japonica, Gueldenstaedtia multiflora,

Tilia mandshurica, Rhus chinensis, Kummerowia stipulacea/Codonopsispilosula, Cassia nomame,

2/4

3/10

Oresitrophe rupifraga, Aconitumsinomontanum, Athyrium pachyphlebium, Arthraxon hispidus,
Aristolochia contorta, Pharbitis nil, Hemerocallis minor, Viola prionantha

R4

Robinia pseudoacacia, Prunus humilis, Solanum septemlobum, Schisandrachinensis, Wikstroemia

5/8

chamaedaphne/Scilla scilloides, Thalictrumbaicalense, Polystichum craspedosorum, Ixeris
sonchifolia, Picrisjaponica, Phtheirospermum japonicum, Physalis alkekengi var. francheti,

Anemarrhena asphodeloides
R5

Indigofera bungeana, Ulmus danvidiana, Indigofera kirilowii, Berberis. poiretii/Selaginella

4/20

stauntoniana, Dryopteris laeta, Athyrium fallaciosum, Camptosorus sibiricus, Pyrrosia davidii,
Menispermum dauricum, Poa pratensis, Silene firma, Ostericum grosseserratum,

Arisaema amurense, Chenopodium glaucum, Lilium lancifolium, Kalimeris lautureana,

Arabis pendula, Physaliastrum japonicum, Silene tatarinowii, Acalypha australis,

Circaea cordata, Carex heterolepis, Artemisia capillaris
R6

Caragana pekinensis, Caragana rosea, Pyrus ussuriensis, Viburnum sargentii, Crataegus

8/18

pinnatifida, Rhododendron mucronatum, Rhododendronmicranthum, Lespedeza inschanica/

Medicago lupulina, Plantagoasiatica, Cleistogenes hackeli var. nakai, Pedicularis resupinata,
Carduus crispus, Scutellaria baicalensis, Astragalus melilotoides, Viola dissecta, Vicia amoena,
Geum aleppicum, Poa sphondylodes, Orostachys fimbriatus, Elsholtzia ciliate, Allium
neriniflorum, Achnatherum extremiorientale, Chamaerhodos erecta, Lithospermum

erythrorhizon, Dendranthema zawadskii
R7
Convolvu arvensis
RS

Carpinus turczaninowii, Philadelphus pekinensis/Cynanchuminamoenum, Merremia sibirica,

Cynanchum atratum, Polygonum divaricatum, Cirsium setosum, Trigonotis peduncularis,

2/3

0/10

Potentilla flagellaris, Asparagus trichophyllus, Duchesnea indica, Cicuta virosa,

Oenanthe decumbens, Syneilesis aconitifolia
R9
Taraxacum mongolicum, Lysimachia pentapetala
R10

Juglans regia, Diospyros lotus, Quercus variabilis/Cynanchum versicolor, Pharbitis hederacea,

Tilia mongolica, Acer truncatum/Artemisia argyi, Allium victorialis, Sedum tatarinowii,

3/4

2/10

Poa nemoralis, Pseudostellaria davidii, Polygonum bistorta, Melampyrum roseum,

Cimicifuga dahurica, Alliummacrostemon, Salsola collina

R1-R10 represent regions of Baihuashan, Miaofengshan, Mutianyu, Shidu, Yunfengshan, Labagoumen, Shihuadong, Songshan, Tanjiesi,

and Yunmengshan, respectively.

%Peculiar plant species” means only those species that appear in one particular region.
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Table 2 Plant coefficient of community in the ten regions in P. tabulaeformis forests (%)

R1 R2 R3 R4 RS R6 R7 R8 R9 R10
R1 100.00
R2 44.17 100.00
R3 43.93 43.65 100.00
R4 44.33 43.01 54.01 100.00
RS 46.67 39.46 51.82 50.95 100.00
R6 39.81 37.04 42.50 44.54 42.86 100.00
R7 31.29 27.69 35.36 34.12 29.95 25.43 100.00
R8 41.21 36.49 41.21 39.36 41.78 37.70 43.94 100.00
R9 31.65 36.88 46.88 47.51 39.45 32.61 28.80 32.17 100.00
R10 41.11 34.36 42.99 37.44 42.50 37.86 36.73 44.85 3291 100.00

R1 to R10 have the same meaning as in Table 1. The coefficients in boldface and italics are the larger and the smaller ones in the table,

respectively.

(Table 2). The least similar communities are those in
Labagoumen and Shihuadong with a CC of 25%. Simi-
larities between Shihuadong, Miaofengshan, and Yunfeng-
shan are also low with CC values under 30%. The high
similarities between Shidu, Yunfengshan, and Mutianyu
forests, all of which were located at lower elevations than
the other regions, are probably caused by the influence of
booming tourism and heavy grazing. Tourism and grazing
promote the growth of disturbance-tolerant plants and
suppress the flourish of other local species. Therefore,
tourism, grazing, and other human activities should be
controlled at a proper level. Especially the regions that have
many plant species peculiar to their region should be left
undisturbed as much as possible.

3.3 Comparison of shrub and herb diversities
of the P. tabulaeformis forests in the ten regions

The weighted diversity averages of shrubs and herbs in the
ten regions were calculated based on the empirical ratio 1:1
[10] (Table 3).

The Gleason richness index and the Margalef’s richness
index indicate the same trend in that the highest richness

indices are those of Shidu, Baihuashan, and Labagoumen,
and the lowest one is that of Miaofengshan.

As for the diversity indices, the Shannon—Wiener diver-
sity index varies more than the Gini index and is more
sensitive to changes in diversity. According to our cal-
culation, the Gini diversity index shares the same trend
with the Shannon—Wiener index, although the Gini index
has a lower sensitivity. The Shannon—Wiener index in
Songshan is the lowest (2.14); the second lowest ones are
those in Tanjiesi and Miaofengshan with index values of
2.54 and 2.72. Baihuashan, Shidu, and Yunmengshan have
higher Shannon—Wiener indices than the other regions.

The Pielou’s evenness index, based on the Shannon—
Weiner index, was also calculated (Table 3). Shihuadong,
Baihuashan, and Yunmengshan have the highest Pielou’s
indices, with values of 0.85, 0.83, and 0.83, respectively,
while Songshan, Tanjiesi, and Miaofengshan have the
lowest Pielou’s indices: 0.66, 0.72, and 0.73. The results
show that this index varies little.

Generally, the P. tabulaeformis forests in Baihuashan,
Shidu, and Labagoumen have more plant species evenly
distributed, while those in Tanjiesi and Miaofengshan have
fewer species and these are distributed less evenly.

Table 3 Comparison of plant diversities of P. fabulaeformis forests in the ten regions

Gleason index Margalef index Gini index Shannon—Wiener index Pielou’s index
R1 3.51 3.81 0.85 3.37 0.83
R2 2.51 2.60 0.74 2.72 0.73
R3 3.04 3.42 0.82 3.12 0.79
R4 3.63 3.98 0.83 3.24 0.77
RS 3.05 3.47 0.82 3.16 0.79
R6 3.34 3.41 0.78 2.97 0.80
R7 2.72 3.25 0.85 3.17 0.85
RS 3.20 3.22 0.71 2.14 0.66
R9 2.70 3.00 0.77 2.54 0.72
R10 2.60 2.98 0.85 3.18 0.83

R1 to R10 have the same meaning as in Table 1. The indices in boldface and in italics are the largest and smallest values, respectively,

among all those in an index column.
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4 Conclusions

1. The P tabulaeformis forest is an important type of
plant community in the Beijing mountainous areas. The
forest forms include forests of pure P. tabulaeformis,
B. platyphylla—P. tabulaeformis, P. davidiana—P.
tabulaeformis, and Q. mongolica—P. tabulaeformis.
The 351 plant species in the P. tabulaeformis forests
play an important role in sustaining the biodiversity in
this area.

2. The P tabulaeformis forests in Shidu, Mutianyu, and
Yunfengshan have a rich variety of plant species and
great similarities among each other, with common plant
species of more than 50%, while the P. tabulaeformis
forests in Labagoumen and Shihuadong have the lowest
plant species similarity.

3. The plant diversity of the P. tabulaeformis forests in
Tanjiesi and Miaofengshan is the lowest among the ten
studied regions, and the diversity of the P. tabulaeformis
forests in Shidu, Baihuashan, and Labagoumen is the
highest.

4. Orchid plants are scattered in the P tabulaeformis
forests of all ten regions, especially those located on
shady slopes. The P. tabulaeformis forests, habitat of
many orchids, deserve more public attention and better
conservation.
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