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a b s t r a c t
Urban forest construction is believed as an effective method to preserve urban biodiversity and restore
urban green ecosystem. However, in some fast-urbanizing towns, the most urban ﬂora in the built-up
area was almost totally manmade, where is new expanded areas mainly transformed from cultivated
lands. How such urban ﬂora contribute to local and regional diversity is seldom quantitatively tested. In
this study, we conducted a comprehensive investigation of man-made urban ﬂora in 15 fast-urbanizing
towns in Shandong Peninsular, China, to explore the effect of urban greening on the local and regional
plant diversity. The results that showed huge investment to urban greening contribute to high urban green
coverage but do not foster high plant diversity. Exotic species has lower overall dissimilarity between town
pairs than native in either cultivated or wild ﬂora. Urban greening does not result in high proportion
of exotic species, however, either wild ﬂora or cultivated ﬂora show homogenizing tendency due to
the expansion of exotic species. Nevertheless, the main driving forces are different: the wild ﬂora are
homogenized by diminished species richness difference while the cultivated ﬂora due to the decreased
species replacement. We therefore suggest biodiversity conservation should be more considered and
strengthened in further urban greening. Our study could also provide useful reference data in biotic
homogenization research in China.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Urban expansion has been one of the leading types of land use
change today (Güneralp and Seto, 2013). Due to the long lasting
impact upon habitat loss and fragmentation, urbanization often
induce great local extinction of natives and has been identiﬁed
as a major threat to biodiversity (Czech et al., 2000; McKinney,
2002). Furthermore, for urbanization promotes the expansion of
exotic and synanthropic species, and induces extinction of some
rare natives, it has been a major cause of biotic homogenization, i.e.
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the process that disparate locales becoming more similar in species
composition over time (McKinney, 2006; Schwartz et al., 2006;
Olden, 2006). For biotic homogenization could impair biodiversity
form ecological and evolutionary process and even impact economy from human dimension (Olden et al., 2005; Olden, 2006), it has
become an important dimension of the biodiversity crisis (Rooney
et al., 2007). Simultaneously, urban areas often appear to be the
hotspot of vascular plants and even harbor many rare or endangered species owing to the high habitat heterogeneity, vast number
of introduced species and the presence of abundant dispersal vectors (McKinney, 2002; Kühn et al., 2004; Kowarik, 2011). With
increasing urbanization, the importance of urban areas for biodiversity conservation constantly grows (Miller and Hobbs, 2002;
Kowarik, 2011). To preserve urban biodiversity and restore urban
green ecosystem, as well as to cope with the exacerbating problem
of biotic homogenization, many countermeasures have been proposed (Miyawaki, 1998; Alvey, 2006; Yu et al., 2012), among which
constructing urban forest and improving urban green space are
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Fig. 1. Location of the investigated 15 towns in Shandong Penisula, China.

most important and fundamental. This point is adopted by many
governments and put into practice.
China has experienced a rapid urbanization in the last two
decades, with urban expansion much faster in larger cities at
national scale (Wang et al., 2012). In recent years, however, many
small cities or towns have sprawled with an accelerating rate
higher than big cities (Sun et al., 2012). For environment protection and beautiﬁcation, local governments invest much in urban
greening and urban ﬂora construction. However, for majority of
new expanded urban areas was transformed from cultivated lands
(Sun et al., 2012), most urban ﬂora in the built-up area was almost
totally man-made. How such kind of urban ﬂoras contribute to local
and regional diversity is seldom quantitatively tested. So far, most
studies relevant to urban biodiversity in China were conducted in
single big cities (e.g. Wang et al., 2006; Zhao et al., 2006; Wang
et al., 2007; Zhao et al., 2010); seldom researches were performed
in small cities, or compared the urban ﬂora composition among a
series of cities. Considering the limited land resources nearby large
cities, future urban expansion in China may more happen at small
cities or county towns (Wang et al., 2012; Sun et al., 2012). It is
therefore essential to concern the biodiversity and conservation
efforts in these regions.
In this study, we selected 15 fast urbanizing county towns
to explore the effects of urban forest construction on local
and regional biodiversity. These county towns belong to Shandong Peninsula Urban Agglomeration, the fourth biggest Urban
Agglomeration in China, and have expanded their built-up area
of 2.50-folds in average in ten years’ time span from 2000 to
2010. Simultaneously, the local governments invest much in urban
greening. As a consequence, the urban green area of the 15 county
towns enlarged 3.03-folds in mean, which increased faster than
built-up area. The mean urban green area of the 15 county towns
has increased to 41.6%, with the per capita public green area of

15 m2 . Due to the improvement in urban greening, majority of these
county towns has been listed as National Garden City, National
Environmental Protection Model City, National Excellent Tourism
City or National Ecological County. It seemed that the construction
of the urban forest in this region is rather sound and the biodiversity conservation in these county towns are well done. However, it
was just an assumed conclusion without quantitative tests. What
are the compositional characteristics of these man-made urban ﬂoras? Does fast-growing urbanization leading to high proportion of
exotic species in urban green space? Has the huge investment in
urban greening resulted in high local or regional diversity? Does the
planting and management practice, especially the introduction of
exotic species, lead to biotic homogenization at this narrow scale?
These questions are important for further urban greening and biodiversity conservation nevertheless seldom tested quantitatively
yet. We, therefore, conducted a comprehensive investigation of the
urban ﬂora of these 15 fast urbanizing county towns to evaluate the
effectiveness of urban greening on biodiversity preservation and
restoration, which is the ﬁrst report in this aspect along Shandong
coastal zone, China. For the purpose of this study, we just investigated the man-made urban ﬂora with the natural or semi-natural
habitats not considered.
2. Materials and methods
2.1. Study area
The 15 county towns we sampled are located in the eastern part
of Shandong Peninsular (Fig. 1), in the north temperate monsoon
climatic zone while having some characters of marine climate. The
mean annual precipitation is 670 mm and the mean air temperature
12.7 ◦ C. The county towns are distributed densely in the Shandong
Peninsular, with the maximum geographical distance being 262 km
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and minimum being 20 km. In the last two decades, the 15 counties
undergone a fast urbanization and have been among the most
developed counties in China. The mean area of 15 county towns
was 37.3 km2 (ranged from 15.3 to 55.0, s.d. = 10.1) in 2010, which
increased 2.50 times compared with 2000 (mean = 15.1, ranged
from 7.0 to 23.1, s.d. = 4.4). In 2012, 12 of all the 15 towns were listed
as the National 100 top counties in terms of competitive power.
2.2. Data collection
Investigation was performed from April to October in
2011–2012. To guarantee that the ephemeral plants were documented, each county town was investigated twice in Spring and
Autumn, respectively. Mesh point method was applied to design
the sampling point. Using the satellite image of Google Earth, the
built-up area of each county town was separated into 2 km × 2 km
grids. The intersection points were preliminarily determined as the
sampling points, which were some adjusted according to the actual
situation when investigated. The green space of four main habitat types, i.e. City Park, residential areas, city square, and roadside,
were investigated nearby the designed sampling point. It should
note that not all four habitat types were mandatorily investigated
at every designed sampling point for there was just one or two habitat types existed under some circumstances. However, to guarantee
that the investigation area could represent the green spaces of the
built-up area, at least 4 residential areas, 4 roadsides, 1 city park
and 1 city square (some county towns just had one city park or city
square) were sampled in each county town.
Due to the composition of urban green spaces in built-up
areas were inﬂuenced signiﬁcantly by landscape design, the classic sampling method in natural habitat could not meet the need
of this study. We therefore using patch-sampling method in the
investigation with the sample areas of different habitat types determined referenced to past researches (Sudha and Ravindranath,
2000; Shaltout and E.I-Sheikh, 2002; Zhao et al., 2009). For the city
park, city square and residential areas, if the total area is less than
or near 1 ha, we sampled all green spaces; if the area was much
larger than 1 ha, the investigation area were set as 200 m × 200 m.
For the roadsides, we investigated 200 m at each side. All vascular plant species in the sample area were recorded. For the species
which could not conﬁrmed in the ﬁeld investigation, plant samples were collected, dried, labeled and then determined according
to standard herbarium procedures. The pooled species list across
all sampled plots in each county town was compiled as the plant
species catalog of the urban green spaces. All species were ﬁrstly
classiﬁed as native or exotic by their immigration status (Pysěk
et al., 2004), which was consistent with the Flora of China (Wu et al.,
1994–2013), Flora of Shandong Province (Chen et al., 1992–1994)
and specialized database (Jiang et al., 2011). For native and exotic
species, they were further divided respectively into cultivated or
wild according to whether they were deliberately planted or not.
Six sub-catalogs, i.e. native, exotic, wild native, wild exotic, cultivated native and cultivated exotic, were thereby constructed for
analysis.
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recommended when the aim of the study is to evaluate the relative roles of replacement and species loss or gain in generating beta
diversity pattern (Carvalho et al., 2013). In this study, we adopted
this method to evaluate the beta diversity pattern of 105 pairwise towns of 6 plant groups across the 15 towns. The general
mathematical partition: ˇbroad-sense = ˇreplacement + ˇrichness shows
the overall (broad-sense) dissimilarity is equal to the sum of dissimilarity owing to species replacement and richness difference.
The overall dissimilarity is quantiﬁed as the Jaccard dissimilarity
index,
ˇcc =

b+c
a+b+c

where a is the number of species common to compared towns and,
b and c are the numbers of species unique to each town. The species
replacement component, ˇ−3 is quantiﬁed as:
, and the richness difference component,
ˇ − 3 = 2 min(b,c)
a+b+c
ˇrich =

|b − c|
.
a+b+c

To evaluate the difference of the dissimilarity of pairwise towns of
native/exotic pair, paired t test was conducted in 3 pairs of plant
groups respectively, i.e. wild native vs. wild exotic, cultivated native
vs. cultivated exotic and total native vs. total exotic. All of the three
metrics of dissimilarity, ˇcc , ˇ−3 , ˇrich were compared, respectively.
The values of the two components, ˇ−3 and ˇrich were compared to reveal which contribute more to the overall dissimilarity
between town pairs. To disentangle which component inﬂuence
more to the variation of overall dissimilarity among different pairwise towns, we performed univariate Mantel tests designating the
response matrix as the overall dissimilarity, ˇcc , and the predictor
matrix as either the species replacement component, ˇ−3 or as the
matrix of richness difference resultant component, ˇrich . We did
not consider these two predictor variables within a same statistical model using a partial Mantel test because ˇ−3 and ˇrich are
additive components of the response ˇcc , so conditioning on either
predictor in a partial Mantel test would have been nonsensical. This
procedure was performed for all 6 plant groups, respectively.
To reveal whether the wild ﬂora between pairwise towns had
been homogenized or not due to the introduction of wild exotic
species, we compared the ˇcc , ˇ−3 and ˇrich values of wild native
species with wild species, respectively. Higher dissimilarity values
of wild native species than that of wild species mean that expansion of wild exotic species leads to decrease of dissimilarity thus
contribute to homogenization, otherwise indicating differentiation
(Olden, 2006). The same procedure was repeated to explore the
homogenization/differentiation tendency of cultivated ﬂora and
total ﬂora between pairwise towns (comparing the ˇcc , ˇ−3 and
ˇrich of cultivated native species with cultivated species, and native
species with total species, respectively).
All these calculations and analysis were performed using the R
statistical software, version 2.15.2 (R Core Team, 2013).
3. Results

2.3. Data analysis

3.1. Flora composition

Composition dissimilarity patterns are originated from two distinct processes, the replacement of species and the loss or gain of
species leading to richness difference. Many methods have been
proposed for such partition based on pairwise comparison of sites
(Baselga, 2010, 2012; Podani and Schmera, 2011; Carvalho et al.,
2012). Evaluated their performance on theoretical ground and
tested using simulation study and empirical data, the method that
decomposition of the Jaccard index, ˇcc into ˇ−3 and ˇrich was

The urban green spaces of 15 surveyed county towns harbored total 397 plant species, of which 303(76.6%) are native and
94(23.4%) are exotic (Table 1). Speciﬁc to single town, each town
harbor 180 ± 19 (mean ± s.d.) species on average, of which 134 ± 15
(74.5% ± 2.8%) are native and 46 ± 7 (25.5% ± 3.0%) are exotic. There
are 100 ± 14 (55.5% ± 5.1%) species belonging to cultivated, of
which about 27.5% ± 3.2% being exotic. Of the average 80 ± 13
wild plant in single town, the proportion of exotics decreased to
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Table 1
Species composition of urban green spaces in investigated 15 towns in Shandong Peninsular.
Town

Total

Native

Exotic

Wild native

Cultivated native

Wild exotic

Cultivated exotic

Haiyang
Jimo
Jiaonan
Jiaozhou
Laixi
Laiyang
Laizhou
Longkou
Penglai
Pingdu
Qixia
Rongcheng
Rushan
Wendeng
Zhaoyuan
Total

177
159
187
196
207
183
146
177
199
162
145
187
191
206
182
397

137
106
133
145
148
137
109
130
151
121
111
147
148
154
138
303

40
53
54
51
59
46
37
47
48
41
34
40
52
52
45
94

68
43
56
63
66
61
47
52
64
53
55
86
79
76
61
153

69
63
77
82
82
76
62
78
87
68
56
61
69
78
77
150

20
19
17
16
26
17
15
16
16
19
16
18
18
21
20
39

20
34
37
35
33
29
22
31
32
22
18
22
25
31
24
55

Table 2
Comparison of the overall compositional dissimilarity(ˇcc ), species replacement dissimilarity difference (ˇ−3 ) and richness differences resultant dissimilarity (ˇ−3 ) between
pairwise towns of different plant groups. The differences were tested using paired-t test.
Plant groups

ˇcc mean (s.d.)

P

ˇ−3 mean (s.d.)

P

ˇrich mean (s.d.)

P

Wild native-wild exotic
Cultivated native-cultivated exotic
Native-exotic

0.03(0.10)
0.06 (0.11)
0.04(0.06)

0.005
0.001
0.000

−0.01 (0.15)
0.14 (0.11)
0.08(0.02)

0.525
0.001
0.001

0.04(0.15)
−0.08(0.05)
−0.04(0.11)

0.010
0.001
0.001

23.1% ± 3.4%. Classiﬁed further, of the exotics in each town about
60.3 ± 6.2% are deliberately planted (Table 1).
3.2. Composition dissimilarity between town pairs
Wild exotic has lower pairwise overall dissimilarity (ˇcc ) than
wild native, and so does the cultivated exotic vs. cultivated native
pair (Table 2). As a result, exotic species also has lower pairwise overall dissimilarity than native species. When comparing the
other two dissimilarity metrics, wild exotic species has no difference with wild native species in replacement dissimilarity (ˇ−3 ),
nevertheless its richness difference resultant dissimilarity (ˇrich ) is
higher (Table 2). Cultivated native vs. cultivated exotic pair present
different pattern: cultivated exotic species has lower replacement
dissimilarity but higher richness difference resultant dissimilarity.
The same pattern also presents in the native vs. exotic pair (Table 2).
When measuring the pairwise dissimilarity of 6 plant groups
among 15 towns, ˇ−3 is higher than ˇrich in overwhelming majority
(80–100, i.e. 76–95%) of 105 pairs in 5 plant groups except cultivated exotic species, indicating that the overall dissimilarity of
these plant groups between pairwise towns is mainly contributed
by replacement rather than richness difference. As for the cultivated exotic species, ˇ−3 is higher than ˇrich in 57 pairs while
lower in other 48 pairs, demonstrating the nearly same contribution of species replacement and richness difference. Mantel test
results show that in 4 plant groups, including wild exotic, cultivated native, native and exotic, variations of ˇcc among the 105
pairwise comparisons is mainly impacted by ˇ-3 and little inﬂuenced by ˇrich (P > 0.05) (Table 3). Wild native group show opposite
pattern: ˇrich impact the variations of ˇcc signiﬁcantly while ˇ−3
present little (P > 0.05) inﬂuence (Table 3). As for the cultivated
exotic plant groups, ˇ−3 and ˇrich both signiﬁcantly inﬂuence the
variations of ˇcc , nevertheless ˇrich has larger impact (Table 3).
3.3. Biotic homogenization patterns
In 68(65%) pairs of all 105 pairwise comparisons wild native
species has higher overall dissimilarity (ˇcc ) than wild species,

demonstrating the homogenization tendency of wild ﬂora due to
the expansion of wild exotic species (Fig. 2a). There are also 81%
(85) pairs of cultivated ﬂora present homogenization tendency
owing to the expansion of cultivated exotic species (Fig. 2d). As
a result, in 71(68%) pairwise towns the total ﬂora tends to homogenization (Fig. 2g). As for the other two dissimilarity metrics, most
pairs (81, 77%) of wild ﬂora tend to homogenization for richness
difference metric (Fig. 2c), whereas more pairs (66, 63%) show
differentiation trend for species replacement metric (Fig. 2b). Cultivated ﬂora show opposite pattern with wild ﬂora in these two
metrics: most pairs (84, 80%) present homogenization for species
replacement metric (Fig. 2e), while more pairs (70, 67%) show differentiation for richness difference metric (Fig. 2f). When the total
ﬂora was considered, majority pairs of the other two metrics tend to
homogenization (native species has higher ˇ−3 and ˇrich than total
species in 59 and 56 pairs, respectively, Fig. 2h and i). As a consequence, wild ﬂora show homogenization for ˇcc and ˇrich metric
with the mean dissimilarity across 105 pairs decreased by 1.2% for
ˇcc (ˇcc = 0.006, s.d. = 0.011) and 13.9% for ˇrich (ˇrich = 0.023,
s.d. = 0.039), and present differentiation for ˇ−3 (ˇ−3 = −0.027,
s.d. = 0.039) with the mean dissimilarity increased by 5.3%; cultivated ﬂora was homogenized for ˇcc (decreased by 6.1%) and
ˇ−3 metric(decreased by 10.3%) and differentiated for ˇrich metric(increased by 7.6%). Merged the wild and cultivated into total
ﬂora, the mean dissimilarity of total ﬂora across 105 pairs decreased

Table 3
Contribution of variation of species replacement resultant dissimilarity (ˇ−3 ) and
richness difference resultant dissimilarity (ˇrich ) to variation of overall dissimilarity
(ˇcc ). The correlation coefﬁcients and P-values are based on Mantel test (999 times).
Plant groups

ˇ−3 − ˇcc

P

ˇrich − ˇcc

P

Wild native
Wild exotic
Cultivated native
Cultivated exotic
Native
Exotic

0.1087
0.7422
0.4545
0.3033
0.4456
0.4716

0.215
0.001
0.001
0.001
0.002
0.001

0.5586
0.0205
0.1866
0.4352
0.1421
0.2310

0.001
0.525
0.104
0.001
0.161
0.073
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Fig. 2. Overall dissimilarity (ˇcc ), species replacement dissimilarity (ˇ−3 ), richness difference resultant dissimilarity (ˇrich ) of wild ﬂora (a–c), cultivated ﬂora (d–f) and total
ﬂora (g–i) before and after the inclusion of exotic species between 105 town pairs. The 1:1 line indicates no change in dissimilarity. Circles above the 1:1 line show town
pairs where dissimilarity decreased (homogenization), and circles below the 1:1 line show town pairs where dissimilarity increased (differentiation).

by 1.8% for ˇcc , 0.7% for ˇ−3 and 5.6% for ˇrich , indicating homogenization for each metric (Table 4).
4. Discussions
Our investigation revealed that the huge investment brought
high urban green coverage yet not caused high species diversity. Relative to the abundant vascular plant species (about 2000
species) in this area (Chen et al., 1992–1994), the species diversity of the 15 county towns with 397 species total and average 180
each was rather low. Urban environment may limit the survival of
some species through biodiversity ﬁlters (Williams et al., 2009);
however, such low species diversity also reﬂected some deﬁciencies in urban greening and management. Attention more addressed
to beautiﬁcation effect rather than biodiversity conservation led
to urban green spaces relative simply structured (Li et al., 2005),
which were usually composited with a few frequently used garden

plant. Relative limited plant resources that the landscape designer
would like to utilize, or they could use with their knowledge, contributed this pattern (Li et al., 2005). This condition reminded us
should not only notice the quantity (green coverage area and green
coverage rate) but also need to pay more attention to the quality
(composition, diversity and ecosystem function) in urban greening.
Another unexpected result is the relative low proportion of
exotic species. Exotic species often take high proportion in urban
areas due to abundant dispersal factors and their better adaptation
to man-made disturbance (Alvey, 2006; Kowarik, 2011). However,
the proportion that exotic species holding in the 15 towns we surveyed is rather low compared with other cities. To illustrate, we
conducted a comparison with 18 Central European towns for there
were seldom researches conducted in county-level ﬂora in China.
These 18 towns had a city area ranging from 21 to 53 km2 and population ranging from 13 to 87 thousands, which are analogical with
our investigated towns (Pysěk, 1998). However, the proportion

Table 4
Mean and standard deviation for overall dissimilarity (ˇcc ) change, species replacement dissimilarity (ˇ−3 ) change and change in richness difference resultant dissimilarity
(ˇrich ) across 105 pairs of 15 towns.
Type

ˇcc mean (s.d.)

ˇ−3 mean (s.d.)

ˇrich mean (s.d.)

Wild ﬂora
Cultivated ﬂora
Total ﬂora

0.006 (0.021)
0.030 (0.033)
0.009 (0.016)

−0.017 (0.039)
0.039 (0.051)
0.003 (0.036)

0.023 (0.039)
−0.009 (0.059)
0.006 (0.038)
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(41.4% ± 8.1, 31–58%) of exotic species in these towns is significantly higher than that in the 15 towns (23.1% ± 3.4%, P < 0.01).
City size may inﬂuence the presence of exotics (Pysěk, 1993); however, even in the three nearby lager prefecture-level cities, Qingdao,
Yantai and Weihai, exotic species also hold an average proportion
of 25.8% ± 0.9% (unpublished data). This pattern may reﬂect that
urban ﬂoras also related the overall character of the surrounding
ﬂora (StešEvić et al., 2009; Ramage et al., 2013).
However, even exotic species just hold a low proportion, for
their overall dissimilarity between towns is lower than native
species (Table 2), its expansion has caused the decrease of plant
compositional dissimilarity between pairwise towns thus result in
homogenization. Both the wild and cultivated ﬂora demonstrates
this tendency for the ˇcc (overall dissimilarity) metric thus leading to the same pattern of total ﬂora. Nevertheless, speciﬁc to
the two distinct processes leading to homogenization, wild and
cultivated ﬂora present opposite patterns. This reﬂects the different impact of urban green practice upon them. Exotic species
resource used for cultivation in the region is far poorer than native
species (Table 1), which made the selection of them is more common than native species among towns, thus cultivated species has
lower replacement rate. From another aspect, the preference of
these exotic species may be varied between towns. Some towns are
willing to use more exotic species (such as Jiaonan and Jiaozhou)
while some other towns (such as Jimo and Qixia) do not, leading to
lager richness gradient than cultivated native species. This could be
reﬂected by the higher coefﬁcient of variations (22.1%) of cultivated
exotic species than that of cultivated native species (12.5%). Coincidently, these towns using more exotic species for cultivation also
tend to have more abundant cultivated native species (r = 0.691,
P < 0.01, Table 1). Therefore, the introduction of the exotic species
for cultivation decrease the replacement rate of cultivated ﬂora
but increased the richness gradient, thus induce homogenization
for ˇ−3 metric but differentiation for ˇrich metric. As for the wild
species, they are unintentionally introduced into the urban green
space. They pass various ﬁlters of urban environment and survive
for their disturb-adapted characters. The higher species richness
difference between towns of wild natives reﬂect itself more diverse
composition than wild exotics in this region (Table 1). The species
replacement rate of wild native between different town pairs is relative constant (0.322 ± 0.087), for its variation of pairwise overall
dissimilarity is mainly driven by richness difference dissimilarity
(Table 3). On the contrary, species replacement component inﬂuence the variation of the pairwise overall dissimilarity of wild exotic
signiﬁcantly, demonstrating its higher variation (0.332 ± 0.141).
Therefore, the expansion of wild exotics decreased the richness gradient of wild ﬂora but increased the replacement rate, thus induce
homogenization for ˇrich metric but differentiation for ˇ−3 metric.
For total ﬂora is more inﬂuenced by the cultivated in species number (Table 1), it demonstrate the same tendency as cultivated ﬂora
(Table 4).
From the viewpoint of urban greening, we need pay more attention to the homogenization tendency of cultivated ﬂora. It is not
only due to the cultivated species account for majority of urban
ﬂora, but also for they supplying most ecological functions in
urban area. From ecological dimension, homogenization of cultivated ﬂora may increase vulnerability to large-scale environmental
events and reduce variability among towns in their response to
disturbance (Olden, 2006); from human and economic dimension,
for cultivated species are the main part to demonstrate landscape
effect, its compositional homogenization may present straightly as
‘visual homogenization’, i.e. making the passengers feel cities more
alike; from economic dimension, this would compromise tourism
industry because the public will have less interest to visit areas
similar to those in closer proximity (Olden et al., 2005). Cultivated

ﬂora in the 15 towns have experienced signiﬁcant homogenization in overall dissimilarity metric and species replacement metric,
thus more efforts need to be taken in future urban greening to cope
with this problem. Landscape designers need to do thorough examination of regional native plants and their biology and utilize as
diverse as possible plant resources in urban greening (Simmons
et al., 2007). Some endemic species should to be applied as much
as possible, which cannot only embody the character of local ﬂora,
but also contribute to build diverse landscapes among different
cities. Furthermore, varied landscapes may beneﬁt foster diversity
of wild plant, which could in turn alleviate the homogenization
tendency of spontaneous ﬂora. Moreover, diverse urban greening
models need to be considered. For example, green roofs has been
approved a valuable tool to conciliate the greening of cites with
ecological conservation and environmental quality improvements
(Farrell et al., 2012; Chen, 2013; Madre et al., 2013), yet this type of
urban greening is seldom utilized in the study area. Some remnant
natural plant, such as stonewall trees, also need to be protected for
enriching urban biodiversity (Jim, 2013). However, to achieve this
goal, more education may need to improve the public acceptance
of native species, especially for those ecological valuable but not so
good-looking natives (Breuste, 2004).
5. Conclusions
In summary, our study revealed some deﬁciencies in urban
green space construction in the study area. Huge investment in
urban greening contributed to high green coverage however not
resulted in high biodiversity. Paying more attention to beautiﬁcation in decision-making weakened the ecological function of urban
green spaces in biodiversity conservation and has caused biotic
homogenization. Unfortunately, the problem is not any individual case but prevalent in urban forest construction in China (Li
et al., 2005). Considering the fast-growing urbanization in China,
the problem would be exacerbated with no improvement in current
construction model of urban greening. Biodiversity conservation
should be more considered in future urban greening, and public participation need to be more encouraged and strengthened
(Alvey, 2006; Miller et al., 2008). Fortunately, with the increasing civic consciousness in recent years, more and more people
began to have positive attitudes and strong willingness toward
participation in urban China (Shan, 2012), which will beneﬁt the
decision-making and construction in urban greening. Professional
advice from conservation biologists and ecologists maybe more
important, and these advice should be based on concrete investigation and research. In China, more research has been conducted
in relative big cities nevertheless seldom done in small cities and
towns. Thus, more studies need to develop at this scale to resolve
speciﬁc problem. In addition, though biotic homogenization has
been a hotspot in biodiversity research (Olden, 2006; Petesse and
Petrere Jr, 2012), research on this topic is rather rare in China.
Deﬁciency of open, reliable databases is an important reason, thus
the establishment of such database is emergently needed to foster
biotic homogenization research in China. Our research, especially
the species composition data, could contribute to this work and
supply useful reference to such studies in other area in China.
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