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Abstract 
In this study, Yangmeikeng mountain area with a long-term natural restoration sta-
tus (communities 1, 2, and 3) and Chiao mountain area with an artificially disturbed 
status (communities 4 and 5) in Shenzhen in China were subjected to plant commu-
nity composition and diversity statistical analysis on the basis of the following indic-
es: plant height; density; tree layer DBH; coverage; number of family, genus, and spe-
cies; calculated diversity indices; richness; similarity coefficients of family, genus and 
species; and species evenness. The diversity levels of each index in each community 
were compared, and the relationships of family, genus, and species in the communi-
ties with one another were determined. The integrated diversity levels in the two 
areas were also analyzed. Results showed that the composition status of three com-
munities, especially communities 2 and 3, which were located at high elevation, in 
Yangmeikeng with the long-term natural restoration status was better. The diversity 
values were also evidently higher. The vegetation composition in Yangmeikeng was 
also greater than that in Chiao. The integration status of numerous diversity indices, 
such as evenness and richness, was higher than that of the latter. These data could be 
used as a basis for arguments regarding the status of natural and artificial forest bio-
diversities. Many species in the community in artificial forests were shrubs and 
herbs. The richness and proportion of tree species were distinctly low. Thus, shrubs 
and herbs were the main components of the artificial interference community. The 
number and richness of the tree species in natural or long-term natural restoration 
forests were higher than those of the former. The family diversity Df of the three 
communities in Yangmeikeng was slightly lower than that of the two communities in 
Chiao. By contrast, the genus diversity Dg, family richness, and genus richness in 
Yangmeikeng were higher than those in Chiao. In terms of α-diversity and similarity 
coefficient, family, genus, and species were not directly related to one another. 
Therefore, species, genus, and family composition should be combined with their 
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diversity status in the statistical and biodiversity analysis of a community. Synthetic 
diversity indices should be further analyzed to evaluate the diversity status of a 
community objectively. 
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1. Introduction 

With the rapid economic development in Shenzhen for more than 30 years, the ecosys-
tem and biodiversity in this city have been greatly affected, but the specific effects have 
yet to be determined. Biodiversity has emerged as an issue because of an increase in ex-
tinction rates caused by human activities [1], and several extensive experiments [2] [3] 
[4] [5] [6] have addressed the relationship between biodiversity measured as species 
richness and ecosystem function. Huston [7] failed to provide evidence on the im-
provement of ecosystem functions by increasing biodiversity and on the determination 
of both local species diversity and rate of ecosystem processes, such as productivity, in 
terms of the amount and variability of the fundamental environmental resources that 
regulate plant growth and ecosystem processes. 

However, highly diverse plant communities comprise a more abundant food web 
than poorly diverse plant communities. As such, more local animal species are found 
in the former than in the latter. The ecosystem structure of highly diverse plant 
communities is also more complex than that of poorly diverse plant communities. 
Consequently, the ability of the former to resist external invading species is stronger 
than that of the latter. The productivity and eco-service effects of ecosystems of the 
former are also higher than those of the latter. Biodiversity is positively correlated 
with productivity. There is not only a linear relationship between biodiversity and 
productivity, along with advances in plant communities development and their rela-
tionship presented “U”, “S” and so on. As biodiversity increases, productivity in-
creases under certain circumstances that have distinct difference of geographical en-
vironment or species characteristic factors. However, productivity decreases when 
diversity continuously increases. As diversity further increases, productivity also in-
creases. Some are the situations that are curve of the second degree progressive in-
crease or power exponent progressive increase, but diversity and productivity simul-
taneously reach a constant status when community succession is reached within a 
certain period [8]-[14].  

Jin’s [14] research results showed that in the forests planting for ecosystem restora-
tion in recent 20 years, between herb plant diversity (x) and productivity (y), the power 
exponent progressively increased: y = axb; the relationship between shrub species diver-
sity (x) and productivity (y) was: v = ab2 − bx + c; when the restoration period reached 
to 20 - 40 years, between the herb and shrub plant diversity (x) and productivity (y), the 
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power exponent progressively increased: y = axb; when the forests restoration was over 
40 years, the diversity (x) of herb, shrub and tree all layers plant with productivity (y) 
began to show the relation of power exponent progressive increase: y = axb. Qin et al. 
[10] researched result on the relationship community plant diversity with productivity 
was also justified aforementioned viewpoint.  

Some regional test results and measured data couldn’t prove that biodiversity and 
high or low community productivity were related, even if it showed negative correla-
tion, because those measured data only come from herb plants in the special geo-
graphic environment such as grassland, and research period span of community suc-
cession was insufficient. For instance, research measurement is usually terminated 
when productivity declines, but data are not measured when productivity increases. 
Thus, local geographical and microenvironment characteristics, species characteris-
tics, and succession stages should be considered to determine the relationship of bio-
diversity with ecosystem productivity and system stability. Furthermore, a long-term 
investigation should be conducted to obtain a more reasonable and accurate judge-
ment. 

There were some researches about the vegetation structure and plant diversity in 
Shenzhen. Yin et al. [15] investigated mountain vegetation through a diversity study on 
the Shenzhen park greenbelt carried out part areas plant community structure research. 
Liu et al. [16] investigated the Acacia mangium plantation in Phoenix Mountain and 
determined the plant community structure in Danan Mountain [17]. Zhang et al. [18] 
examined the diversity of Syzygium odoratum community in Dapeng Peninsula, 
Shenzhen. Kang et al. [19] evaluated the plant types and community characteristics in 
Bijiangshan Park, Shenzhen. Wang et al. [20] evaluated the species diversity and suc-
cession status in natural forest communities in the Nanshan District of Shenzhen. Pre-
vious studies, measurement, and analyses focused on several or approximately ten 
communities in a narrow scale. Chen et al. [21] further explored communities to divide 
several broad-leaf forest types by selecting samples that mainly represent several com-
munity types.  

Shenzhen is a large area with more than 10 districts and new management districts. 
Thus, studies have been rarely performed and the effects of urbanization on biodiversi-
ty in each region in Shenzhen have yet to be fully understood. As such, further syste-
matic investigation should be conducted regarding plant biodiversity status, patterns 
and relations between them, ecosystem structure status, and vegetation’s ecological ef-
fect on Shenzhen. This study is a comparative research on plant diversities in Yang-
meikeng mountain area of Dapeng New District and in Chiao mountain area located 
inside the reservoir in Pingshan New District, Shenzhen. The effects of artificial factors 
on plant diversity were determined to understand the plant composition, structural 
status, anthropogenic disturbances, and effects on vegetation on the mountain region 
around Shenzhen. This study provided a scientific reference for the development of 
scientific, reasonable, and ecological construction strategies in Shenzhen and effective 
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measures to protect urban ecosystem and biodiversity. This study also established a 
theoretical reference for other cities and regions to design strategies that protect urban 
biodiversity, and could be used as a guide to investigate urban biodiversity in forest 
mountainous areas. 

2. Methods 
2.1. Study Area 

Shenzhen is located in the subtropical region of Southern China and adjoins Hong 
Kong. In summer, it is influenced by the southeast monsoon, causing high temperature 
and rainy season; in winter, it is influenced by the northeast monsoon, triggering 
northeast trades and northern cold, and sometimes climate is slightly colder. The aver-
age annual air temperature is 22.4˚C, the highest monthly mean temperature is 28.1˚C, 
and the lowest monthly mean temperature is 12.1˚C. The frost-free season is 355 days. 
In May to September of every year, the period is rainy season, and often several ty-
phoons occur. The annual maximum rainfall is 2662.2 mm, and the average annual 
precipitation is 1966.5 mm. The average annual sunshine hours is 1934 h, and the rela-
tive humidity is higher, with an average annual relative humidity of 77%. The climate is 
suitable for subtropical plants and a part of tropical plants growth.  

From 2007, an ecological monitoring system began to be constructed in Shenzhen. In 
January 2013, the Shenzhen Ecological Monitoring Center Station, located in Yang-
meikeng of Dopeng New District overlooking the sea, was built. In July 2013 to March 
2014, authors first conducted research to the mountain area vegetation of Yangmei-
keng, in the eastern slope, from the sea beach along the hill slope upward. Three dif-
ferent altitude plant communities were investigated. Their longitude and latitude angles 
and altitudes are as follows: community 1. Macaranga sampsonii—Rhodomyrtus to-
mentosa—Carex cruciata community, 22˚32'25.23"N, 114˚35'0.95"E, altitude 110 m; 
community 2. Machilus velutina—Psychotria rubra—Pandanus oustrosinensis com-
munity, 22˚32'18.69"N, 114˚34'53.73"E, altitude 125 m; community 3. Schefflera octo-
phylla—Psychotria rubra—Adiantum capillus-junonis community, 22˚32'34.69"N, 114˚ 
35'0.02"E, altitude 180 m. Formed a height gradient. 

Chiao, Tianxin Mountain in Pingshan New District, Shenzhen, is located inside a re-
servoir chose 2 hill area communities: community 4. Litchi chinensis—Schefflera octo-
phylla—Blechnum orientale community, 22˚39'38.21''N, 114˚22'0.05''E, altitude 72 m, 
and community 5. Eucalyptus robusta—Rhodomyrtus tomentosa—Dicranopteris pe-
data community, 22˚39'41.41''N, 114˚22'15.87''E, altitude 85 m, made investigation.  

The geographical places of the five communities in the two areas are shown in Figure 1. 

2.2. Methods of Measurement 

Every community quadrat area of more than 700 - 800 m2, every community investiga-
tion was conducted in not less than 3 quadrats, with every quadrat size ranging from 
200 m2 to 300 m2. To understand the situation of the dominant species of every layer of  
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Figure 1. Geographical places of the five communities in the two areas. 

 
communities, the species name, individual number, plant height, DBH (only tree), and 
coverage of tree, shrub, and herb layers. The shrub layer was set up 4 - 7 smaller qua-
drats inside above tree layer big quadrat, with every small quadrat area 4 m × 4 m; the 
herb layer was set up four 1 m × 1 m small quadrats inside every shrub layer quadrat. 
According to Ouyang [22] method, woody plants, which are higher than 4 m, were 
classifies as tree layer, and those below 4 m were classified as shrub layer (include the 
seeding of tree). Then the diversity, evenness, and richness indices were calculated and 
analyzed.  

For species identification, all species were collected to the characteristics of their 
flowers, leaves, stems, and fruits or seeds. Reference books, such as Flora of China, Flo-
ra of Guangdong, Flora of Shenzhen, Flora of Guangxi, Flora of Hainan and so on, were 
used to check the specimens’ characteristics, with the identification retrieval table. 

2.3. Data Analysis 
2.3.1. Diversity Index 

1) Simpson index of species  
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In the formula, S is the number of species; Ni is the number of individual species I; 
and N is the number of individual of all species. The index is only used to calculate the 
species diversity, and is not related to any diversity situation on family and genus. 

The Simpson index of improved pattern of species is expressed as follows: 
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where S is the number of species; Ns is the number of individuals of all species; and Nsi 
is the number of individual species i.  

2) Index of genus diversity 
According to Pielou [23] and Lloyd [24] on genus and family diversity theory, the 

genus diversity is calculated as follows (Huang et al. [25]): 
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where Ngi is the number of species which belongs to genus I; Ng is the number of all ge-
nera; and Dg is the index of genera diversity. If there is only one species and one genus 
in one community, the numerator and denominator should not be subtracted with 1.  

3) Index of family diversity  
According to Pielou [23] Lloyd [24] on family diversity theory, family diversity is 

calculated as follows [25] [26]: 
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where f is the number of family; Nf is the number of all families; Nfi is the number of 
genus which belongs to family I; and Df is the diversity index of family of community. If 
there is only one species and one genus in one community, the numerator and deno-
minator should not be subtracted with 1.  

4) Composite diversity index [25] [27]:  

1 1 1c f g sD D D D= + +                                          (7) 

2 2 2c f g sD D D D= + +                                        (8) 

where Dc1 and Dc2 are the composite diversity indices of community; Df1 and Df2 are the 
diversity indexes of families; Dg1 and Dg2 are the diversity indices of genus; and Ds is the 
diversity index of species (it is not any layer (as tree, herb) index, and is integral value. 
When Dc is high, the diversity of the community level is also high; meanwhile, the val-
ues of Df1, Df2 and Dg1, Dg2, Ds, and their proportion shall show the diversity composi-
tion situation. Only when every value of Df, Dg, or Ds are all high, and near equality of 
their proportion, the community biodiversity is optimum. If only the Ds value is high, 
or only the Dg, and the other two values are low, the diversity of the community is also 
low even if the Dc value is high. 
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5) Shannon-Wiener index 
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where S is the number of species; Pi is the ratio of species i individuals in all individuals; 
and H is the species diversity index. 

2.3.2. Richness Index 
1) Species richness index  

Odum index:                      1 lns
SR
N

=                         (10) 

Menhinnick index:                 2
ln
lns

SR
N

=                         (11) 

where S is the species index; and N is the number of whole species individuals.  
2) Genus richness 
According to Pielou [23] on genus and family diversity theory, the genus richness 

index calculated method [25]: 

1gR G=                              (12) 

2 lng
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S
=                             (13) 

where G is the number of genus; and S is the number of species; the formula shows that 
the higher the S value, the lower the diversity, such as in a community in which every 
genus possessed more species, the whole community will have lower genus diversity. If 
the number of genera in two communities is the same but each genus comprises one 
species in community 1, the genus diversity of this community is higher. If each genus 
includes more than one species or most of the genera contain one species and one or 
two genera are composed of more than two species in community 2, then its genus di-
versity is lower than that of community 1.  

3) Family richness  
According to Pielou [23] on family diversity theory, family diversity is calculated as 

follows [25]: 

1fR F=                              (14) 

2 ln
=f

FR
G

                            (15) 

F is the number of families while G is the number of genera. The formula shows that 
when G is higher, diversity is lower. In a community, when each family had more ge-
nera, the whole community had lower family diversity. Thus, if the number of families 
in the two communities was the same, but each family had a genus only in community 
A, then the family diversity of this community was higher. However, if every family had 
more than one genus or if most of the families had one genus, but one to two families 
had more than two species in community B, its diversity was lower than community A.  
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2.3.3. Pielou Evenness Index: 
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In the formula, lni iN N
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    = −     
    

∑ , S is the number of species; Ni is the indi- 

vidual number of species I; and N is the individual number of all species in one layer. 

2.3.4. Similarity Coefficient (β-Diversity Index)  
1) The similarity coefficient of species (improved pattern) is obtained as follows: 
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Ns is the number of species commonly existing in communities A and B; as is the 
number of species in community A; bs is the number of species in community B; and Cs 
is the similarity coefficient of species. 

2) The similarity coefficient of genera in a community is obtained as follows [25] 
[27]: 
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cNg is the number of genera commonly existing in communities A and B; ag is the 
number of genera in community A; bg is the number of genera in community B; and Cg 
is the similarity coefficient of genera. 

3) The similarity coefficient of families in a community is obtained as follows [25] 
[27]: 
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Nf is the number of families commonly existing in communities A and B; af is the 
number of families in community A; bf is the number of families in community B; and 
Cf is the similarity coefficient of families. 

4) Synthetic similarity coefficient of family, genus, and species is obtained as follows 
[25] [27]: 
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βc is the synthetic similarity coefficient of family, genus, and species; Nf is the num-
ber of common families in the two communities; Ng is number of common genera in 
the two communities; Ns is the number of common species in the two communities; Nfa 
is the number of families in community A; Nga is the number of genera in community 
A; Nsa is the number of species in community A. Nfb is number of families in commu-
nity B; Ngb is the number of genera in community B; and Nsb is the number of species in 
community B. 
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3. Results 

All communities were in subtropical evergreen broad-leaved forests, and community 
names were given according to the dominant species that were of important value in 
the three layers. 

4. Composition of Family, Genus, and Species in the Communities 

The Macaranga sampsonii—Rhodomyrtus tomentosa—Carex cruciata community was 
composed of 17 families: Euphorbiaceae, Leguminosae, Rutaceae, Sabiaceae, Saxifraga-
ceae, Elaeocarpaceae, Rhizophoraceae, Rubiaceae, Myrtaceae, Gramineae, Annonaceae, 
Cyperaceae, Blechnaceae, Polypodiaceae, Sterculiaceae, Lygodiaceae, and Chlorantha-
ceae; 23 genera: Macaranga, Aporusa, Glochidion, Pithecellobium, Gleditsia, Evodia, 
Acronychia, Sterculia, Lygodium, Sarcandra, Meliosma, Itea, Elaeocarpus, Carallia, 
Psychotria, Myrtaceae, Cleistocalyx, Neyraudia, Lophatherum, Uvaria, Carex, Blech-
num, and Colysis; and 23 species: Macaranga sampsonii, Aporusa dioica, Glochidion 
eriocarpum, Pithecellobium clypearia, Gleditsia australis, Evodia lepta, Acronychia pe-
dunculata, Meliosma cuneifolia, Itea chinensis, Elaeocarpus sylvestris, Carallia brachia-
ta, Psychotria rubra, Rhodomyrtus tomentosa, Cleistocalyx operculatus, Neyraudia 
reynaudiana, Lophatherum gracile, Uvaria microcarpa, Carex cruciata, Blechnum 
orientale, Colysis diversifolia, Sterculia lanceolata, Lygodium japonicum, Sarcandra 
glabra.  

Among them, Euphorbiaceae had three species, while other families had only one or 
two species. All other genera had only one species, showing that genus had a higher di-
versity. 

In Machilus velutina—Psychotria rubra—Pandanus oustrosinensis community, was 
composed of 25 families: Lauraceae, Euphorbiaceae, Leguminosae, Elaeocarpaceae, 
Ebe- naceae, Theaceae, Rutaceae, Sterculiaceae, Moraceae, Palmae, Annonaceae, Ru-
biaceae, Boraginaceae, Thymelaeaceae, Rhamnaceae, Saxifragaceae, Blechnaceae, Glei-
cheniaceae, Liliaceae, Lygodiaceae, Pteridaceae, Pandanaceae, Adiantaceae, Dillenia-
ceae, and Aquifoliaceae; and 31 genera: Glochidion, Sapium, Pithecellobium, Litsea, 
Elaeocarpus, Diospyros, Camellia, Machilus, Cassia, Acronychia, Sterculia, Ficus, Ca-
lamus, Fissistigma, Uvaria, Psychotria, Gardenia, Adina, Cordia, Aquilaria, Berchemia, 
Itea, Blechnum, Dicranopteris, Ophiopogon, Lygodium, Pteris, Pandanus, Adiantum, 
Tetracera, and Ilex. The species composition was richer, had 33 species, they were: 
Glochidion puberum, Sapium discolor, Pithecellobium clypearia, Pithecellobium luci-
dum, Litsea cubeba, Elaeocarpus sylvestris, Diospyros eriantha, Camellia oleifera, Ma-
chilus velutina, Cassia fistula, Acronychia pedunculata, Sterculia lanceolata, Ficus vari-
olosa, Ficus variolosa, Calamus thysanolepis, Fissistigma oldhamii, Uvaria microcarpa, 
Psychotria rubra, Gardenia jasminoides, Adina pilulifera, Cordia dichotoma, Aquilaria 
sinensis, Berchemia lineate, Itea chinensis, Blechnum orientale, Dicranopteris dicho-
toma, Ophiopogon bodinieri, Lygodium japonicum, Pteris cretica, Pandanus austrosi-
nensis, Adiantum capillus-veneris, Adiantum capillus-junonis, Tetracera asiatica, Ilex 
chinensis.  

http://frps.eflora.cn/frps/Myrtaceae
http://frps.eflora.cn/frps/Colysis
http://frps.eflora.cn/frps/Litsea
http://frps.eflora.cn/frps/Machilus
http://frps.eflora.cn/frps/Cassia
http://frps.eflora.cn/frps/Sterculia
http://frps.eflora.cn/frps/Calamus
http://frps.eflora.cn/frps/Calamus
http://frps.eflora.cn/frps/Adina
http://frps.eflora.cn/frps/Aquilaria
http://frps.eflora.cn/frps/Berchemia
http://frps.eflora.cn/frps/Ophiopogon
http://frps.eflora.cn/frps/Adiantum
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In the community, Leguminosae and Rubiaceae had three species in every family, 
while the other families had one or two species. For genus, except for Pithecellobium 
and Adiantum, the other genera had only one species. 

Plant constitution situation of Schefflera octophylla—Psychotria rubra—Adiantum 
capillus-junonis community was composed of 27 families: Lauraceae, Euphorbiaceae, 
Rutaceae, Myrtaceae, Saxifragaceae, Leguminosae, Boraginaceae, Guttiferae, Thymela- 
eaceae, Annonaceae, Rosaceae, Rubiaceae, Moraceae, Chloranthaceae, Rhizophoraceae, 
Myrsinaceae, Aquifoliaceae, Sterculiaceae, Adiantaceae, Liliaceae, Gramineae, Gleiche-
niaceae, Blechnaceae, Lygodiacea, Araliaceae, Theaceae, Connaraceae; 36 genera: Ma-
chilus, Litsea, Aporusa, Sapium, Glochidion, Evodia，Zanthoxylum, Syzygium, Myrta-
ceae, Itea, Dalbergia, Cordia, Cratoxylum, Aquilaria, Fissistigma, Uvaria, Rhaphiolepis, 
Psychotria, Adina, Gardenia, Canthium, Ficus, Sarcandra, Carallia, Ardisia, Aquifolia-
ceae, Reevesia, Adiantum, Ophiopogon, Miscanthus, Dicranopteris, Blechnum, Lygo-
dium, Schefflera, Camellia, Rourea; and 39 species: Machilus chinensis, Litsea rotundi-
folia, Aporusa dioica, Sapium discolor Glochidion puberum, Evodia lepta, Evodia gla-
brifolia, Zanthoxylum avicennae, Syzygium jambos, Rhodomyrtus tomentosa, Itea chi-
nensis, Dalbergia odorifera, Cordia dichotoma, Cratoxylum cochinchinense, Aquilaria 
sinensis, Fissistigma oldhamii, Uvaria microcarpa, Rhaphiolepis indica, Psychotria ru-
bra, Adina pilulifera, Gardenia jasminoides, Canthium dicoccum, Ficus hirta, Sarcan-
dra glabra, Carallia brachiata, Ardisia crenata, Ardisia quinquegona, Ilex asprella, Ree-
vesia thyrsoidea, Adiantum capillus-veneris, Adiantum capillus-junonis, Ophiopogon 
bodinieri, Miscanthus floridulus, Dicranopteris dichotoma, Blechnum orientale, Lygo-
dium japonicum, Schefflera octophylla, Camellia oleifera, Rourea microphylla.  

In the community, Euphorbiaceae and Rubiaceae had three and four species, respec-
tively, while other families had only one species. In Evodia, Ardisia, and Adiantum, 
each genus had two species, while the other genera had only one species, showing that 
the genus diversity level was lower in the two communities.  

Plant constitution situation of Litchi chinensis—Schefflera octopphylla—Blechnum 
orientale in Chiao hill area were that it had 26 families: Sapindaceae, Araliaceae, Mora-
ceae, Aquifoliaceae, Lauraceae, Anacardiaceae, Euphorbiaceae, Chloranthaceae, Rubia-
ceae, Leguminosae, Annonaceae, Rosaceae, Sterculiaceae, Gramineae, Blechnaceae, Pte-
ridaceae, Gleicheniaceae, Adiantaceae, Thelypteridaceae, Cyperaceae, Lindsaeaceae, 
Dicksoniaceaev, Liliaceae, Rutaceae, Melastomataceae, Myrtaceae; 32 genura: Litchi, 
Cardiospermum, Schefflera, Ficus, Ilex, Machilus, Cinnamomum, Litsea, Rhus, Triadi-
ca, Glochidion, Aporusa, Sarcandra, Psychotria, Hedyotis, Pithecellobium, Desmos, 
Rhaphiolepis, Helicteres, Blechnum, Miscanthus, Pteris, Dicranopteris, Adiantum, 
Cyclosorus, Carex, Lindsaea, Cibotium, Dianella, Sarcandra, Melastoma, Rhodomyrtus; 
36 species: Litchi chinensis, Cardiospermum halicacabum, Schefflera octophylla,, Ficus 
variolosa, Ficus hirta, Ilex asprella, Cinnamomum camphora, Machilus chinensis, Cin-
namomum burmannii, Litsea rotundifolia var. Oblongifolia, Rhus chinensis, Triadica 
cochinchinensis, Glochidion eriocarpum, Aporosa dioica, Sarcandra glabra, Psychotria 

http://frps.eflora.cn/frps/Evodia
http://frps.eflora.cn/frps/Myrtaceae
http://frps.eflora.cn/frps/Myrtaceae
http://frps.eflora.cn/frps/Aquilaria
http://frps.eflora.cn/frps/Adina
http://frps.eflora.cn/frps/Sarcandra
http://frps.eflora.cn/frps/Carallia
http://frps.eflora.cn/frps/Ardisia
http://frps.eflora.cn/frps/Aquifoliaceae
http://frps.eflora.cn/frps/Aquifoliaceae
http://frps.eflora.cn/frps/Reevesia
http://frps.eflora.cn/frps/Adiantum
http://frps.eflora.cn/frps/Ophiopogon
http://frps.eflora.cn/frps/Evodia
http://frps.eflora.cn/frps/Ardisia
http://frps.eflora.cn/frps/Adiantum
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asiatica, Hedyotis acutangula, Pithecellobium clypearia, Desmos chinensis, Rhaphio- 
lepis indica, Helicteres angustifolia, Blechnum orientale, Miscanthus floridulus, Pteris 
semipinnata, Pteris cretica var. Nervosa, Dicranopteris pedata, Adiantum capillus- 
veneris, Cyclosorus parasiticus, Carex cruciata, Lindsaea odorata, Cibotium barometz, 
Dianella ensifolia, Sarcandra glabra, Melastoma malabathricum, Melastoma sangui- 
neum, Rhodomyrtus tomentosa.  

In these families, Moraceae, Lauraceae, and Euphorbiaceae had more species, while 
the other families had one species. For genus, four genera had two species in every ge-
nus, while the other genera had only one species. 

The composition situation of family, genus and species of Eucalyptus robusta— 
Rhodomyrtus tomentosa—Dicranopteris pedata community were that there were 18 
families: Myrtaceae, Mimosaceae, Araliaceae, Euphorbiaceae, Theaceae, Sapindaceae, 
Moraceae, Lauraceae, Anacardiaceae, Aquifoliaceae, Rosaceae, Gleicheniaceae, Grami-
neae, Cyperaceae, Pteridaceae, Adiantaceae, Rubiaceae, Blechnaceae; 21 genura: Euca-
lyptus, Rhodomyrtus, Acacia, Schefflera, Triadica, Schima, Cardiospermum, Litchi, Fi-
cus, Litsea, Machilus, Rhus, Ilex, Rhaphiolepis, Dicranopteris, Miscanthus, Carex, Pte-
ris, Adiantum, Hedyotis, Blechnum; and 22 species: Eucalyptus robusta, Rhodomyrtus 
tomentosa, Acacia mangium, Schefflera octophylla, Triadica cochinchinensis, Schima 
argentea, Cardiospermum halicacabum, Litchi chinensis, Ficus hirta, Litsea rotundifolia 
var. oblongifolia, Machilus chinensis, Rhus chinensis, Ilex asprella, Rhaphiolepis indica, 
Dicranopteris pedata, Miscanthus floridulus, Carex cruciata, Pteris cretica var. Nervosa, 
Pteris semipinnata, Adiantum capillus-veneris, Hedyotis acutangula, Blechnum orien-
tale. 

Myrtaceae, Lauraceae, and Pteridaceae had two species in each family, the other fam-
ilies had one species, and the other genera had only one species in each genus, except 
Pteris. 

4.1. α-Diversity Index 

The analysis on diversity, richness, and evenness of every community in every layer is 
presented in Table 1. 

In Table 1, the integration circumstance of the two diversity indices, evenness and 
richness, in Yangmeikeng was higher than that of Chiao. Although integral indices of 
community 1 were closer to those of community 4 and a slightly higher than those of 
community 5, the tree layer indices were distinctly higher than those in communities 4 
and 5. Because the tree layer was obviously more abundant, even surpassing shrub and 
herb layer biomass by more than ten times, major and dominant positions should be 
established to maintain ecosystem stability and other ecological effects. In the com-
munities of Yangmeikeng, the diversity of the S. octophylla—P. rubra—A. capillus un-
onis community was highest, probably because the altitude of the place was suitable for 
the growth and reproduction of more species. 

The diversity indices of families and genera of every community are shown in Table 2. 
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Table 1. The ecological indices of species diversity in every layer. 

Plant communities Layer Ds H J R1 R2 

Yangmeikeng       

Community 1 

Tree layer 0.7906 1.7943 0.7793 2.1673 0.4992 

Shrub layer 0.8033 1.7994 0.8189 2.3376 0.5713 

Herb layer 0.8332 1.6305 0.9100 2.1638 0.6457 

Integral value 0.9037 2.6626 0.8272 4.7057 0.6234 

Community 2 

Tree layer 0.8774 2.2766 0.8976 3.0474 0.5743 

Shrub layer 0.8667 2.1084 0.8427 2.7582 0.6012 

Herb layer 0.8703 1.9827 0.8792 2.9118 0.7108 

Integral value 0.9792 3.1334 0.9000 6.5832 0.6822 

Community 3 

Tree layer 0.8908 2.3022 0.8627 4.6873 0.5872 

Shrub layer 0.8908 2.5657 0.8793 4.6332 0.6724 

Herb layer 0.7967 1.7108 0.9024 2.0791 0.5783 

Integral value 0.9565 3.3424 0.8886 7.7312 0.7001 

Chiao       

 Tree layer 0.3685 0.6307 0.3520 1.0453 0.3126 

Community 4 Shrub layer 0.8737 1.5343 0.4964 3.8329 0.5385 

 Herb layer 0.9053 0.7937 0.3194 2.0907 0.4329 

 Integral value 0.9028 2.9584 0.8020 6.9689 0.6427 

 Tree layer 0.4555 0.6467 0.4018 0.9889 0.3183 

Community 5 Shrub layer 0.7902 0.8125 0.3388 2.1756 0.4742 

 Herb layer 0.6746 0.9347 0.4495 1.5822 0.4113 

 Integral value 0.8734 2.3940 0.7533 4.7467 0.6285 

 
Table 2. The diversity indices of family, genus of every community  

Index Df1 Df2 Dg1 Dg2 Dc1 Dc2 Rf1 Rf2 Rg1 Rg2 

Yangmeikeng           

Community 1 0.9412 0.8622 1.0000 0.9582 2.8449 2.7281 17 5.4221 23 7.2371 

Community 2 0.9643 0.9104 0.9957 0.9612 2.9392 2.8508 24 6.9880 31 8.8659 

Community 3 0.9524 0.9001 0.9954 0.9654 2.9043 2.8220 27 7.5345 36 9.8265 

Chiao           

Community 4 0.9569 0.9063 0.9919 0.9600 2.8516 2.7691 26 7.5011 32 8.9297 

Community 5 0.9804 0.9167 0.9952 0.9456 2.8490 2.7357 18 5.9123 21 6.7938 
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In Table 2, for family and genus, the diversity values of the three communities were 
slightly lower than those in Chiao, although the number of families, especially that of 
community 3, was higher. However, the two values of diversity were at the medium 
level, and were slightly lower than those in communities 4 and 5 of Chiao. The study 
results showed that only species diversity did not more generally reflect the extent of 
genetic difference and richness of plants and animals in the local community, and that 
research and analysis on the composition of family and genus should be preferred. 
Community 3 had the highest number of families and genera, but its diversity value was 
at the medium level. This demonstrated that every family and genus had more species, 
thereby reducing the value. 

Richness values Rf1 and Rg1 were the highest in community 3, with the two indices 
being the only earnest statistic of individual number. However, a flaw was seen in their 
ability to better reflect the genus or species number of every family and genus. There-
fore, using Rf2 and Rg2 can better reflect these characteristics. Ds was slightly lower, but 
Dg2, Rf2, and Rg2 were higher, in community 3 than in communities 4 and 5. As a result, 
some families had more species, but the situation of genus was better, which means that 
every genus had only one or very few species. 

For the number of species in every layer of the communities, see Figure 2 and Figure 
3. 

In Figure 2, the number of tree species in communities 1, 2, and 3 of Yangmeikeng 
were apparently higher than that in the two communities of Chiao. The number of spe-
cies in community 1 was twice that in community 5 and was 1.66 times that in commu-
nity 4, whereas the number species in communities 2 and 3 were over twice that in 
communities 4 and 5, respectively. Moreover, the number species in community 2 was 
almost 3 times that in community 5. Regarding shrub species number, the advantage of 
Yangmeikeng communities was apparent, even when community 1, which had a fewer 
number of species, was only one species less than community 5. In addition, commu-
nity 2 was higher than community 5, while community 3 was higher than communities  

 

 
Figure 2. Number of species of tree, shrub and herb.  
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Figure 3. The number of family, genus (Rf1, Rg1). 

 
4 and 5. As seen in community 4, although the number of species reached 19, it was 
lower than that in community 3, but was higher than that in communities 1 and 2. In 
the two communities of Chiao, most of the species were shrub and herb, while the 
number of tree species and its proportion were distinctly low, indicating that in the 
man-made interference community, shrub and herb were the main components. 
Therefore, to compare the diversity of natural or half-natural forests with that of artifi-
cial forests, analysis should be done on not only the diversity index, but also species 
proportion and composition in every layer. 

Figure 3 shows the number of families and genera in every community. In the two 
places, the number of families in community 1 of Yangmeikeng was one family less 
than that of community 5, and 9 families less than that of community 4 of Chiao. 
However, community 3 had a higher number of families than communities 4 and 5. 
The number of genera of community 1 was lower than that of community 4, while, in 
the two other communities, community 2 was one genus lower than community 4, but 
more than 10 genera higher than community 5. All values in community 3 were higher 
than those in communities 4 and 5. 

The number of families and genera showed that several communities of Yangmei-
keng were better than community 5 of Chiao, while community 2 was closer to com-
munity 4 of Chiao and community 3 was higher than community 4. Because genus 
number in every family and species number in every genus were fewer, or the propor-
tions of genus or species in every family and genus were more even, the family and ge-
nus diversity indices (Df, Dg, Dc, J, Rf2, and Rg2) of Yangmeikeng were all higher than 
those of Chiao. Only some indices of community 1 were lower than those of communi-
ty 4 and closer to those of community 5. However some other indices, such as Dg and 
Rg, were higher than those of community 5, and even higher than those of community 
4. 

Of course, as observed, the number of families and genera in the communities of the 
two research areas had differences. However, these do not represent the similarity or 
difference of the families and genera of each of the five communities. This is the reason 
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for making a β-diversity analysis. Along with geographic position, the composition sit-
uation of family and genus was changed to provide an opportunity for increased biodi-
versity with respect to the composition of the entire region’s ecosystem. 

4.2. β-Diversity Index 

The similarity coefficients of species in each community are shown in Table 3. 
As seen in Table 3, the similarity coefficient values between community 1 and the 

other communities were generally lower, ranging from 0.1 to 0.2, while those between 
community 2 and community 3 were higher, reaching 0.4722. This showed that al-
though the two communities’ altitudes were different, they had more common species. 
In addition, when passing through the transition region between the two areas, the do-
minant species of two communities and some other species were different. Moreover, 
the similarity coefficient values between community 2 and the two other communities, 
at a distance of several tens of kilometers, were very small, with the value between 
community 2 and community 4 being only 0.2319. Subsequently, the value between 
community 2 and community 5 was distinctly lower than that of community 4, being 
0.1454. However the value between Yangmeikeng community 3 and community 4 was 
very high, reaching 0.7333, a problem well worth studying. They also had a better simi-
larity between community 3 and community 5, the value being 0.3607. Each of the two 
communities of Chiao had higher coefficient values. 

The similarity coefficient values of family and genus in every community is presented 
in Table 4 and Table 5. 

Synthetic similarity coefficient (βc) of family, genus, and species are shown in Table 
6. 

 
Table 3. Similarity coefficients of species in each community. 

Name of  
community 

Community 1 Community 2 Community 3 Community 4 Community 5 

Community 1 1.0000     

Community 2 0.2857 1.0000    

Community 3 0.2903 0.4722 1.0000   

Community 4 0.2712 0.2319 0.7333 1.0000  

Community 5 0.1333 0.1454 0.3607 0.4482 1.0000 

 
Table 4. The similarity coefficient of family.  

Name of  
community 

Community 1 Community 2 Community 3 Community 4 Community 5 

Community 1 1.0000     

Community 2 0.4397 1.0000    

Community 3 0.5426 0.7064 1.0000   

Community 4 0.4651 0.4400 0.6038 1.0000  

Community 5 0.4857 0.5714 0.5333 0.7270 1.0000 
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Table 5. The similarity coefficient of genus. 

Name of  
community 

Community 1 Community 2 Community 3 Community 4 Community 5 

Community 1 1.0000     

Community 2 0.3644 1.0000    

Community 3 0.3332 0.4486 1.0000   

Community 4 0.2181 0.3492 0.4417 1.0000  

Community 5 0.1363 0.3077 0.3859 0.7172 1.0000 

 
Table 6. Synthetic similarity coefficient (βc) of family, genus, and species. 

Name of  
community 

Community 1 Community 2 Community 3 Community 4 Community 5 

Community 1 1.0000     

Community 2 0.3146 1.0000    

Community 3 0.3474 0.4633 1.0000   

Community 4 0.3037 0.3296 0.4490 1.0000  

Community 5 0.1920 0.2250 0.4171 0.5841 1.0000 

 
In Tables 3-5, the similarity coefficient values of species were lowest, values of family 

were highest, and the values of genus were at the middle position except in few situa-
tions. Moreover, the synthetic similarity coefficient (βc) was able to accurately show the 
extent of similarity or difference between every community with regard to genetics and 
composition. 

5. Discussion 

Analyzing the five communities, the Simpson index (Ds) and Shannon-Wiener index 
(H) in every layer of the three communities in Yangmeikeng, specially the tree layer, 
were obviously higher than those in the two communities of Chiao. Community 3, S. 
octophylla—P. rubra—A. capillus-junonis, had the highest diversity index value, with 
the number of species reaching 39 and indices showing that the difference was smaller 
in the individual number, distribution, density, and dominance of every species, espe-
cially pointing out that this community had 27 families. Although Euphorbiaceae, Ru-
taceae, and Rubiaceae had 3 or 4 genera while several other families had 2 genera, other 
families had only 1 species, with the situation being better. With respect to genus, al-
most all genera had only one species, while only Evodia, Ardisia, and Adiantum had 
two species, justifying that its genetic difference was more obvious. The characteristics 
also reflected the richness values of family and genus, which were highest in this com-
munity. 

Looking at the indices of diversity, richness, and evenness of species grade, the high-
est synthetic levels were those of community 3, with community 2 being second. The 
integral values of Ds, H, J, R1, and R2 were 0.9565, 3.3424, 1.4513, 7.7312, and 0.7001 in 

http://frps.eflora.cn/frps/Evodia
http://frps.eflora.cn/frps/Ardisia
http://frps.eflora.cn/frps/Adiantum
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community 3 and 0.9792, 3.1334, 1.3972, 6.5832, and 0.6822 in community 2, respec-
tively. This showed that the regional vegetation went through about 20 years of long- 
term protection in the scale of a national geological park, and had a natural recovery. 
Moreover, the vegetation had good development, the species numbers increased, the 
individual number of every species increased, and distribution was better. However, in 
the two communities of Chiao, which had intense artificial disturbance status, diversity, 
evenness, and richness of species were all obviously lower than those of the former. 

Community 4 had the second-most number of species, with 36 species, but the indi-
vidual number composition and distribution situations were worse. A few species oc-
cupied a larger space and had a higher number proportion, while their individual 
number increased, possessing strong dominance. Moreover, other major species had 
fragmentary distribution accompanied with little amounts. Hence, its α-diversity index 
values were obviously lower than those of community 3, and lower than those of com-
munity 2, even if its species number was less than that of the former. These indicated 
that the destructive effect of artificial disturbance to the environment and vegetation 
was rather prominent. 

Community 5 and community 4 had similar situations, and because of the artificial 
planting of the eucalyptus economic forest, diversity further decreased. Community 5 had 
a species number of only 22, which was lower than that of community 4 and further lower 
than those in communities 2 and 3. Moreover, Ds and H were lowest in all communities, 
while richness values were only slightly higher than those in community 1. 

Considering each layer of the communities, we observed that the diversity, evenness, 
and richness in the tree layers of the three communities in Yangmeikeng were evidently 
higher than those of the two communities of Chiao. Moreover, even though communi-
ty 1, which was located in a low-altitude position and had more artificial damage, went 
through more than 20 years of natural restoration, its values of Ds, H, J, R1, and R2 in 
the tree layer were obviously higher than those of community 4 in Chiao, which had 
been planted L. chinensis (a fruit tree). These showed that the diversity of the more ar-
tificially disturbed forest was obviously lower than that of a naturally restored or de-
veloped forest. When the integral diversity index value of species in the artificially dis-
turbed forest or artificial forest was higher in certain situations, their main contribution 
would be herb layer or shrub layer. However, the biomass in such a community was 
evidently lower than that in the community wherein the diversity of the tree layer was 
high and the structure was good. Thus, its ecological effects in maintaining good struc-
ture, function, and service of the ecosystem are obvious low. 

The above research results are better evidences and references to the argument on 
whether natural forests and naturally restored forests, artificial forests, or more artifi-
cially disturbed forests had higher biodiversity [28] [29]. The research results showed 
that plant diversity of natural or long-term naturally restored forests was obviously 
higher than that of artificial forests or more artificially disturbed forest. 

With regard to the diversity of family and genus, Pielou [23] proposed that when re-
searching on community biodiversity, research on family and genus diversity ought to 
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be included. Although he also provided some calculated models on α-diversity of family 
and genus [23] [24], only a few people applied them. The major cause was that at that 
time, some people thought that the current capability of research on species diversity 
level could not yet well reflect the objective situation. Hence, research on family and 
genus diversity had been set aside for future work [30]. After about 40 years of research, 
species level diversity studies had obtained better development and the calculated me-
thods had proven that they could very well reflect the objective situation of species 
grade biodiversity. Moreover, many researches on genetic material components and 
structures at molecular biological level had justified that family and genus are the units 
and grades which could accurately and objectively reflect the relationships between 
species and between groups with grades higher than species. Although some studies 
showed that some adjustments should made to the phylogenetic relationship of some 
families or genera, the family and genus grade positions were thought to be reasonable 
and were basically not changed [31]-[40]. They have key effects and roles in the re-
search of the relationship between species, plant flora, species immigration, distribution 
and its correlation with the environment, and the evolutionary process in every group 
and their relationship each other. Moreover, our research results showed that the extent 
of species diversity did not represent the extent of family or genus diversity in a com-
munity or a wider region. Therefore, we should now give more attention and proper 
status to family and genus diversity research, which can more reasonably and objec-
tively reflect the biodiversity characteristics of a community or a larger region consist-
ing of several communities. 

Looking at the values of Df1 and Df2 in this research showed that community 4 was 
the highest, but was only a little higher than community 3. The reason was that al-
though community 3 had 27 families, more than community 4 which had 26 families, 
the former had 36 genera and the latter had 32 genera. Therefore, according to the me-
thod of calculating the diversity statistic, the values of family diversity in community 4 
should be a little higher than those of community 3 which had a greater species num-
ber. However, family richness Rf2 of community 3 was higher than that of communities 
4 and 5. With regard to genus diversity, diversity indices (Dg1 and Dg2) of community 3 
were higher than those of communities 4 and 5. Moreover, richness values (Rg1 and Rg2) 
of community 3 were obviously higher than those of communities 4 and 5. The values 
of Rg1 and Rg2 of communities 1 and 2 were all higher than those of community 5, 
showing that, with regard to genus, every genus in communities 1 and 2 had very few 
species and more uniformity, were it not for the phenomenon where one genus had 
more species. Compared with the family and genus diversity of nine wild cycad forests, 
most of the Df1 values in the five communities of Yangmeikeng and Chiao were higher. 
Furthermore, about 80% of Dg1 values of our research were higher than those of the 
nine wild cycad forests [26]. This showed that the structure and composition of Shenz-
hen vegetation were better, while those of the wild cycad forest areas need stronger 
protection. 

The situation of community 2, when compared with communities 4 and 5 of Chiao 
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in terms of family and genus diversity and richness, was similar to that of community 3. 
A more interesting situation was that although community 1 had only 17 families, its 
values of diversity and richness of genus were also higher than those of community 5 of 
Chiao, showing that all of its genera had very few species, and their genetic difference 
was more distinct. 

Communities 2 and 3 in Yangmeikeng had higher composite diversity index (Dc1 and 
Dc2) values than communities 4 and 5 in Chiao, whereas community 1 had slightly low-
er values than community 4. This showed that natural or half-natural forests of Yang-
meikeng had obviously better integral biodiversity than the artificial forest of Chiao.  

Above results showed that when analyzing regional biodiversity, the number of fam-
ily, genus, and species needs to be calculated, while the indices of diversity, evenness, 
and richness of several grades of family, genus, and species, and the component situa-
tion of every layer of vegetation need to be combined. This can lead to a more objective 
and roundly evaluation.  

With respect to β-diversity, the similarity coefficient values of species in the com-
munities showed that the values between community 1 and the other communities 
were the lowest, or very low, at 0.2 - 0.29. This was a very interesting circumstance. 
Maybe it was the near-seaside position and low altitude which led to the components of 
the plant being very different from those of the other communities. Although the alti-
tude of communities 2 and 3 differ by several ten of meters, the similarity coefficient of 
their species was relatively high, reaching 0.4722, (of course, having more species still 
caused this difference). This proved that although the altitude changed and geological 
place difference degree increased, the species components were different, but this dif-
ference was less than the values between community 1 and other communities. It also 
indicated that in the same slope direction, along with the increase in height, more 
change in species composition in the lower elevation place was seen. An interesting sit-
uation was also observed between community 3 and community 4 of Chiao. They were 
at a distance of more than 40 km, but their similarity coefficient value was higher, 
reaching 0.7333. As seen in the elevation height, the former was 180 m, the latter was 80 
m, vertical height difference was 100 m, and the horizontal distance was about 40 km. 
Between them was a position probably located near the seaside, a height that was higher 
in the position with a longer distance to seaside, and a height that was lower and had a 
more similar environment, resulting in plants adopting a degree that was more closer. 
Community 3 and community 5 of Chiao had a similarity coefficient value that was al-
so low, only 0.3707. The value between two communities of Chiao was higher, of 
course, while about half of the species were still different. When several communities in 
a region, with distances not far from each other, have low similarity coefficient values, 
their regional biodiversity is high. 

At the family level, the similarity coefficient values between community 1 and other 
communities were generally lower. However, higher values between other communities 
were also seen, such as communities 2 and 5 and communities 3 and 5. This result was 
in contrast with that for species level, indicating that at the family level, diversity degree 
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did not probably present a distinct correlation with species diversity, as also seen in 
some wild cycad forests [26]. These aspects were more or less correlated with the re-
gional landform difference degree. When every community is distributed in an ob-
viously different environment, the difference degree of species and family difference 
degree would have a certain positive correlation. These still await further research. 

The similarity coefficient value of family in communities 2 and 3 was higher, similar 
to the situation of species level. However, though the value of communities 2 and 4 was 
higher, it formed an obvious contrast with species level with a rather low value of 
0.1454, showing that the species difference of two communities are established in the 
precondition of more similar families. This phenomenon is very similar to that of the 
similarity coefficient value in species level of communities 1 and 5, which was only 
0.1333 at the lowest status. However, their family level value was 0.4857, which was 
thus a higher status. The similarity coefficient value of family in community 3 and 
community 4 of Chiao reached 0.6038, which was not similar to species level at the 
highest status and at the third position. This result proved that species level diversity 
did not better reflect the family level diversity and composition situation.  

In the genus level, the situations were similar to families, where diversity degree did 
not probably present a distinct correlation with species diversity, even at the family di-
versity level. 

With regard to the synthetic similarity coefficient (βc) of family, genus, and species, 
the value of community 1 was not the lowest, and yet was not higher. It reflected the 
basic aforementioned three grade difference situation. The similarity coefficient values 
of species in communities 4 and 5 were only at the third position because of the influ-
ence of family and genus factors. Moreover, the value of synthetic similarity coefficient 
was the highest, showing that the family and genus components of the two communi-
ties similarly reached the highest levels. Furthermore, the coefficient value of species in 
communities 3 and 4 was the highest. However, because the factors of family, genus, 
and species were not very well composed, βc was at the third position. When located 
between two long-distance places, the extent of genetic difference between two com-
munities was higher. The synthetic similarity coefficient was also shown to be good and 
reflected the extent of the difference in the level of family, genus, and species. 

Compared with the research of Li et al. [41] on four communities of the Lingnan 
Natural Conservation Area in Anhui Province, the three communities of Yangmeikeng 
in our study had higher Ds values for the tree, shrub, and herb layers, but the two 
communities of Chiao had lower values than the Lingnan Natural Conservation Area. 
This indicated that in the stronger artificial interference communities of Chiao, tree 
layer diversity was obviously low. Moreover, in the shrub layer, communities 2, 3, and 4 
had obviously higher values than the former. Two other communities had slightly lower 
values than the former, particularly values in community 5. The shrub development 
situation of Chiao artificial forests was also shown to be worse. With respect to H, our 
research values of tree layers in the five communities showed that the communities of 
Yangmeikeng and the former had values that were basically equal, whereas the two 
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communities of Chiao had more lower values than the former. With regard to evenness 
values (J), community 1 had higher values than community 2 of the former, and closer 
values to communities 3 and 4 of the former. The communities 2 and 3 of Yangmei-
keng had higher values than the former, and the two communities of Chiao had evi-
dently lower values than the four communities of the former. The man-made influence 
effect was also proven to be so obvious in the evenness situation.  

Comparing α-diversity of our research with the researched results in other regions of 
Shenzhen, the Ds, H, and J values of Yangmeikeng in this research were basically higher 
than all other regions, whereas the two communities of Chiao had higher values than 
some parks, road sides, and some half-natural forests, but had lower values than com-
munities which were protected for a longer period [15] [17] [18] [19] [21]. 

He et al. [42] researched the diversity of several forest lands in Wuyishan Mountain 
region. The four forest lands were masson pine forest (community 1), economical for-
est (community 2), broad-leaved forest 1 (community 3), and broad-leaved forest 2 
(community 4). Comparing our Ds H, and J research values for species, communities 1 
and 2 of the former had lower values than community 3 of the latter. However, the in-
dex values of the two broad-leaved forests were better, and higher than those for the 
latter. With respect to tree layer evenness (J), our results showed that communities 2 
and 3 were superior to all four communities of Wuyishan Mountain. Community 1 also 
had higher values than the two artificial forests (include masson pine forest), while 
having values that were closer to broad-leaved forest 1 of Wuyishan Mountain. How-
ever, the Chiao communities had lower J values than the former, with only community 
5 having values close to community 1 of the former.  

Burton et al. [43] researched the riparian woody plant forest diversity of urban-rural 
gradient in western Georgia, America. Compared with our researched H values in 
Yangmeikeng, only community 1 which was near the seaside and road, had more man- 
made influence. Its value was a slightly lower than that of the former, with two other 
communities generally similar or nearly equal to the former, even if some values were 
slightly lower than the former. However, some other values were higher than the for-
mer. Nevertheless, the two communities of Chiao had lower values than the former. 
Compared with evenness (J) values of the six communities in Georgia, community 1 of 
our research had higher values than 4 communities of the former, whereas communi-
ties 2 and 3 had higher than all communities of the former, which was evidently high. It 
showed that the vegetation evenness of Yangmeikeng was very good, but the situation 
of Chiao was worse than that of the former. This proved that artificial planting of eco-
nomic forest regions obviously impacts and damages the diversity and evenness 

Majumdar et al. [44] investigated four communities in Northeast Tripura, Indian. 
Compared with our research, the former had generally higher values, but communities 
2 and 3 of Yangmeikeng were close to communities 1 and 4 of the former. This showed 
that this vegetation region of India was less artificially disturbed, with the structural 
composition being very important. 

The Xishuangbanna tropical rain forest region is one of the regions where the struc-
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tures of plant communities are most complex and plant diversity is very wide. Li et al. 
[45] studied six communities of tropical mountain rain forests in Xishuangbanna. 
Compared with our researched Ds, the three communities of Yangmeikeng had higher 
values than communities 1 and 2 of the former, but had lower values than the four oth-
er communities of the former. The two communities of Chiao had obviously lower val-
ues than all communities of the former. Furthermore, the conserved communities of 
Yangmeikeng had better vegetation restoration, leading to much higher diversities than 
some communities in the tropical rain forest region of Xishuangbanna. Moreover, the 
negative effects of artificial disturbance to Chiao communities were also prevented. 

Wale et al.’s [46] research measured results from three communities of Gondel, Am-
hara of Northern Ethiopia, which showed that their integral H values were 3.43, 3.55, 
and 3.08. All were at a rather high level, showing that the situation of environment and 
diversity in this national conservation region was better. In our researched integral H 
values, communities 2 and 3 had higher values than the former, with other values being 
lower than those of the former’s. Therefore, even though the biodiversity values of the 
regions which were protected in Shenzhen were higher, they are still having room for 
improvement. 

6. Conclusions 

1) Most species of communities in artificial forests are shrub and herb. The tree spe-
cies number and its proportion were distinctly low, indicating that in the man-made 
interference community, shrub and herb were the main components. The species 
number and richness of natural or long-term naturally restored forests for tree, shrub, 
and herb layers were higher than those of the former. Therefore, comparing the diver-
sity of natural or half-natural forest with artificial forest, we need to analyze not only 
their diversity indices but also the proportion and composition of the layers of species. 
Because the tree layer was obviously greater, even surpassing the biomass of shrub and 
herb layers by more than times, major and dominant positions should be established to 
maintain ecosystem stability and other ecological effects. 

2) Our research results confirmed that species-level diversity in one community did 
not reflect family-level diversity or genus-level diversity and their composition situa-
tion. Even if two communities were largely different in terms of species and if they were 
set up on the basis that the two communities had more similar genera, the difference in 
the genera of the two communities would be less, while genus diversity in the region 
would also be low. At the family level, diversity degree was probably not distinctly cor-
related with species diversity degree. Subsequently, even if the species diversity level is 
higher, its family or genus diversity levels are not certainly higher, since they have no 
distinctly correlation. Hence, when statistically analyzing biodiversity of a community, 
combining species, family, and genus composition, as well as their diversity situation, 
would be best. Meanwhile, analyzing their synthetic diversity index could objectively 
evaluate the diversity situation of a community. 

3) When analyzing regional biodiversity, we need to not only analyze α-diversity sit-
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uation of several communities, but also investigate and calculate β-diversity index be-
tween several communities. Only when the similarity coefficient values of several or 
more communities were lower or very low was the regional diversity high. Further-
more, we need to analyze not only the species β-diversity index but also the family and 
genus β-diversity indices because species composition and family and genus composi-
tions in several communities have no distinct correlation. The synthetic similarity coef-
ficient could indicate the extent of the difference in family, genus, and species levels. 
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