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Abstract Urbanization is widely recognized as a major factor promoting biological

invasions worldwide. In this article, we provide insights into the patterns of biological

invasions in Beijing, one of the largest and quickly urbanizing cities of the world, by

developing a comprehensive list of naturalized and invasive flora and their associate traits

(e.g., distribution, life form, habitat, or geographic origin). One hundred and twelve nat-

uralized (including 48 invasive) plants have been identified within the Beijing Munici-

pality. Most of the naturalized and invasive plants belong to four families (Asteraceae,

Poaceae, Amaranthaceae, and Euphorbiaceae) and are annual herbs that preferentially

grow in disturbed sites. North and South America are the main contributors to the natu-

ralized and invasive flora of Beijing. As expected, those Beijing districts that have recently

experienced the highest human population growth, urban expansion, and the largest eco-

nomic growth are also those with the highest number of naturalized and invasive species.

Urban expansion is predicted to continue in the near term making additional invasions

likely that will significantly increase the proportion of introduced species in Beijing’s flora.

An integrated management strategy for the whole municipality is urgently needed that

includes comprehensive scientific research that documents the extent of invasions and their

effects on Beijing’s economy and environment.
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Introduction

China has a very long history of introducing alien species but its historical isolation pre-

cluded large-scale introductions. Such introductions were relatively uncommon until the

1980s when the country adopted market-oriented reforms and opened to international trade.

Since then, the number of reported invasive alien species has significantly increased (Lin

et al. 2007; Weber and Li 2008). While these data reflect greater efforts to detect invasions

(but see Lin et al. 2007), increasing invasions should also be attributed to the unprecedented

economic development of China (Ding et al. 2008). In addition, the domestic boom of

industrial and transportation infrastructures, coupled with unparalleled rates of urbanization

and rampant ecological degradation, have fostered alien species establishment and spread

throughout China (Lin et al. 2007; Ding et al., 2008; Weber et al. 2008).

Urbanization plays a significant role in promoting biological invasions in large part

because cities contain heterogeneous, highly disturbed habitats that provide ecological

niches for alien species (Mack et al. 2000; Kowarik 2008; Ricotta et al. 2009). Moreover,

urban areas often act as immigration gateways where alien species can enter through

airports, harbors, or train stations, markets, gardens and urban parks, and can become

propagule sources for spread to natural areas (Pyšek 1998; Wittig 2004; von der Lippe and

Kowarik 2008). Within this context, biological invasions may pose an even greater future

global threat than today. The world’s urban population is rapidly expanding: whereas only

10% of the global population lived in urban areas in 1900, the percentage now exceeds

50% and is expected to increase even more in the next 50 years (Grimm et al. 2008). Most

of this predicted demographic growth will take place in cities of the developing world, and

nearly all of the world’s megacities (those with [10 million) are currently located in the

developing world—such as China and India (Grimm et al. 2008).

Urbanization has already been identified as a main factor promoting biological inva-

sions in China (Lin et al. 2007) where almost half of the world’s new building construction

is currently taking place (Xinhua 2007). Since the 1970s, China’s urban population has

increased by more than 400 million (Yusuf and Saich 2008), and in the future up to 300

million more people are expected to migrate from rural areas to cities (Grimm et al. 2008).

Beijing, the capital of China, has one of the fastest urbanization rates in the world

(expanding at more than 35 km2 per year since the late 1970s; Mu et al. 2007; Fig. 1),

fueled by the almost 100-fold increase of the city gross domestic product (GDP) (Beijing

Municipal Bureau of Statistics & NBS Survey Office in Beijing (BMBS) 2009). As a

consequence, it has undergone a radical transformation from an essentially rural city in the

mid-twentieth century to one of the largest industrial, commercial, and transport hubs of

Asia (Haw 2007). Accompanying this rapid economic development has been the intro-

duction and establishment of invasive alien species, sparking serious concern in the city

administration about the environmental degradation and economic losses associated with

biological invasions (Li 2004; Ding et al. 2008).

A first step in identifying the patterns of biological invasions in a given territory

(whether a large country or a city) is to develop a comprehensive invasive flora and fauna

database that includes information such as biological characteristics, geographical distri-

bution, and mode and rate of introduction. This information not only allows comparisons

of invasive floras or faunas in different regions, but also provides basic knowledge to

further identify the most aggressive invaders, and facilitates the development of appro-

priate strategies to control and/or eradicate weeds, pests, and other harmful species (Pyšek

1998; Rejmánek 2000; Pyšek et al. 2004; Wu et al. 2004, 2010; Guézou et al. 2007;

Jiménez et al. 2008; Weber et al. 2008). Fortunately, relatively accurate databases for
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naturalized and invasive species in China are becoming available at the national, provin-

cial, and at smaller scales (e.g., Li and Xie 2002; Ng and Corlett 2002; Wu et al. 2004,

2010; Xu et al. 2006; Qin et al. 2008; Weber et al. 2008). However, in Beijing, invasive

species are rarely studied and checklists are preliminary and incomplete (Liu et al. 2002;

Yang et al. 2009), creating a major data gap for one of the world’s fastest growing major

cities. To fill this gap, we developed a comprehensive catalog of the naturalized flora of the

Beijing Municipality to help us elucidate invasion patterns. We take Beijing as a case study

to illustrate how biological invasions are quickly progressing in the rapidly forming

megacites of developing countries.

Materials and methods

Study area: Beijing Municipality

Beijing Municipality is a province-level administrative unit and China’s current capital.

With a total area of 16,410 km2, it is located in the northern tip of the North China Plain

with a typical warm temperate semi-humid continental monsoon climate. Mountainous
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Fig. 1 Distribution of naturalized and invasive plant species in Beijing Municipality by administrative unit.
The first number is the total number of naturalized species; the second value (bold) is the total number of
invasive species. According to BMBS (2009), Urban core area includes: Dongcheng, Xicheng, Chongwen,
and Xuanwu; Urban expansion area includes Chaoyang, Fengtai, Shijingshan, and Haidian; Suburban area
includes Fangshan, Tongzhou, Shunyi, Changping, and Daxing; Exurban area includes Mentougou,
Huairou, Pinggu, Miyun, and Yanqing
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lands account for 61.2% of the municipality (Wang et al. 2007), and are mainly distributed

in the western and northern regions (Xi, Jundu and Yan Mountains). Their mean elevation

is approximately 1,000 m, with several peaks surpassing 2,000 m. In contrast, the central

and southeastern parts are markedly flat, with an altitude of less than 100 m. There are

more than 200 large and small rivers, in addition to numerous reservoirs and lakes.

Beijing has over 3,000 years of history of urban construction, and more than 800 years

of history as a capital. The population has grown rapidly during the most recent decades,

increasing nearly fourfold since the 1950s (Tang and Kunzmann 2008), making it one of

the most populated cities of the world today. As a consequence, its urban areas have

significantly expanded, especially since the 1970s. Whereas in 1975 the built-up area of

Beijing was\200 km2, in 2005 this surpassed 1,200 km2, i.e., a sixfold increase (Mu et al.

2007). This rapid urbanization is mostly attributable to the concentric expansion of the

capital at the expense of the croplands located in the plain area of the municipality

(Wu et al. 2006; Tang and Kunzmann 2008).

Based on population density and urbanization level, the 18 administrative divisions of

Beijing (16 districts and 2 counties) can be classified into four functional areas: urban core,

urban function expansion, suburban, and exurban area (Fig. 1). The urban core area

includes the districts of Chongwen, Dongcheng, Xicheng, and Xuanwu, and its urbani-

zation level is almost 100% with a population density over 22,500 people/km2. The urban

function expansion area also includes four districts (Chaoyang, Fengtai, Haidian, and

Shijingshan) with an urbanization level ranging from 52 to 67% and a population density

of about 6,500 people/km2. The suburban area has an urbanization level of 17–33% with a

population density of ca. 750 people/km2, and includes five additional districts (Chang-

ping, Daxing, Fangshan, Shunyi, and Tongzhou). Finally, exurban area includes three

districts (Huairou, Mentougou, and Pinggu) and two counties (Miyun and Yanqing) and

has much lower proportion of urban land and population density (6–15% and about 200

people/km2, respectively; BMBS 2008, 2009).

Catalog of naturalized and invasive species: definitions and methodology

In this study, we defined naturalized species as alien species that reproduce consistently

and sustain self-replacing populations over many life cycles without direct intervention by

people (or in spite of human intervention) (sensu Richardson et al. 2000; Pyšek et al. 2004).

Those alien species that do not form self-replacing populations (i.e., casual alien species as

well as subspontaneous and adventive; Pyšek et al. 2004) were not considered as natu-

ralized and thus not included. We define the term ‘‘invasive’’ as those species that cause

apparent damage or pose potential threats to species, ecosystems or to the economy

(International Union for the Conservation of Nature (IUCN) 1999; McNeely et al. 2001). In

this sense, invasives should be considered as a subset of naturalized species capable of

spreading considerably and with harmful effects, a definition which could also be equated

with the terms ‘‘transformers’’ and ‘‘weeds’’ as defined by Richardson et al. (2000) and

Pyšek et al. (2004).

In order to develop a comprehensive list of the naturalized and invasive flora of Beijing

Municipality, we first reviewed all the relevant literature concerning naturalized and invasive

species, both at national level and specifically for Beijing area (e.g., Li and Xie 2002; Liu

et al. 2002; Meng et al. 2004; Xu and Qiang 2004; Liu et al. 2005; Wan et al. 2005; Liu et al.

2006; Lin et al. 2007; Weber et al. 2008; Fang and Wan 2009; Yang et al. 2009; Feng and Zhu

2010; Wu et al. 2010; Zhao et al. 2010). Extensive fieldwork was then carried out to verify the

presence of these species in Beijing, and to identify previously undetected species. In
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addition, we visited some species’ populations several times from July to October in 2004

and 2007 to ascertain whether these species could survive at the same location for more than

one life cycle. If they did, then these species were considered as likely naturalized. Our

fieldwork, combined with expert consultation, also allowed us to designate some of the

naturalized species as ‘‘tentatively’’ or ‘‘potentially’’ invasive, i.e., those for which we

obtained evidence of causing large damage to local habitats or ecosystems in Beijing.

Nevertheless, the magnitude and extent of these impacts (either environmental or economic)

have been not assessed in this study, which would merit further research.

Characterization of species and analyses

To gain insights into the biological invasion patterns in Beijing, we complemented the

checklist of naturalized and invasive flora occurring in the municipality with information

on the following traits for each species: (i) taxonomic position (to which family the species

belongs); (ii) distribution (i.e., presence of the species in the different districts and counties

of Beijing); (iii) habit (annual, biennial, or perennial); (iv) life form (herb, shrub, or tree);

(v) habitat (ruderal habitat and urban areas, agricultural areas, grasslands and shrub lands,

forests, wetlands or water bodies, and other types of ecosystems); (vi) native range; (vii)

invasive in China or elsewhere; and (viii) the introduction pathway.

Information about habitat types refers to those in which a given plant species usually

occur (gathered from Flora of China and other general floras); listing the specific habitats

in which each species grows in Beijing was beyond the scope of this paper. Mode of

introduction refers to how the species entered Beijing (Liu et al. 2002 and Yang et al.

2009). The native ranges were mainly obtained from the Germplasm Resources Infor-

mation Network (GRIN) of the United States Department of Agriculture (www.

ars-grin.gov) or from Wiersema and León (1999), although other relevant sources were

also checked (e.g., Flora of China). Authoritative lists or compendiums such as the Global

Invasive Species Database (www.issg.org/database) and the Global Compendium of

Weeds (www.hear.org/gcw/) were used to determine whether the species recorded in this

study are invasive elsewhere.

To unravel the distribution patterns of both the naturalized and invasive flora within

Beijing Municipality, we first converted the distributional data of all species into a presence/

absence matrix for each of the 18 administrative units (separately for naturalized and for

invasive flora) and then created distribution maps based on the total number of species per

administrative region using ArcGIS 9.3. The relationships between numbers of naturalized

and invasive species and several urbanization and socio-economic factors (population

density, population growth, proportion of urban land area, loss of plowland area—taken as an

indirect measure of the urbanization progress–—green areas, present GDP, and GDP growth

during the period 2001–2009) were tested with linear correlations (Pearson’s coefficients);

samples were logarithmically transformed when needed (i.e., if not normally distributed).

Results

Amount, taxonomy, distribution of naturalized and invasive species in Beijing

Municipality, and their relationships with socio-economic factors

One hundred and twelve naturalized plant taxa (species, subspecies or varieties) were

identified in Beijing Municipality (Appendix 1, Table 4). All naturalized taxa were
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angiosperms (83.9% were dicotyledons and 16.1% monocotyledons), belonging to 81

genera and 32 families. The family that contributed the most to the naturalized flora of

Beijing was Asteraceae (17.8% of the total), followed by Poaceae, Amaranthaceae, and

Euphorbiaceae (Fig. 2). These four families accounted for half (50.9%) of all naturalized

species in Beijing. In contrast, 18 families (56.2% of the total number of families) had just

one representative. The genera with the highest number of naturalized species were

Amaranthus (nine taxa) and Euphorbia (eight taxa). Of the 112 naturalized plant taxa, 48

were identified as tentatively invasive in Beijing (Appendix 1, Table 4), mostly dicoty-

ledons (85.4%), and represented by 39 genera and 20 families. Asteraceae alone repre-

sented almost one-third (31.2%) of the invasive taxa (Fig. 2). The above-mentioned four

families accounted for 60.4% of all invasive plants, whereas 13 families contributed with

just one taxon.

In terms of the distribution patterns, 35 taxa of the naturalized plants were widely

distributed in Beijing (that is, present in all the districts and counties of Beijing), whereas

36 were restricted to a single district or county. Haidian district was the administrative unit

of Beijing with the highest number of naturalized species (Fig. 1, Table 1). By functional

areas, 90 species occurred in the urban expansion area, followed by exurban (60), urban

(59), and suburban (55) (Table 1). The naturalized floras of the last three functional areas

were essentially the same (sharing about 60% of the plant species). Plant species exclusive

to functional areas were very few (nine for the urban core and four for both suburban and

exurban), with the exception of the urban expansion area, which had 28 exclusive natu-

ralized plants.

Of the invasive plants, 13 were found everywhere, and 15 were restricted to a single

administrative unit. As occurred for naturalized species, Haidian had the highest invasive

species richness in all of Beijing (Fig. 1, Table 1). The richness of invasive species by

functional areas followed the same order as that found for naturalized species: urban

expansion (37 species) [ exurban (28) [ urban (24) [ suburban (21) (Table 1). In fact,

species richness per administrative unit of naturalized and invasive plant species were

significantly correlated (r = 0.960, p \ 0.000).

Regarding the relationships between the numbers of naturalized and invasive species in

each district and the collected urbanization and socio-economic data for each district

(N = 18; Table 1), for most cases, we found positive correlations, but these were not

statistically significant except for present GDP and GDP growth (p \ 0.05); for the pop-

ulation growth, correlation was marginally significant (p = 0.1) (Table 2).
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Ecological characteristics

Most of the naturalized plant species recorded in Beijing Municipality were short-lived

(annual or biennial) herbs (77.7%; Fig. 3). Only two shrubs (Amorpha fruticosa and Rhus
typhina) and one tree (Robinia pseudoacacia) were present among the naturalized. For the

invasive plants, a similar composition was found (Fig. 3).

The naturalized flora of Beijing was mainly composed of species that usually occur in

disturbed sites: nearly 85% of the naturalized plant species can grow in ruderal and urban

habitats, whereas 78.6% are also usually found in agricultural areas. A similar pattern was

also found when considering the invasive species alone (Fig. 4).

Geographic origins and mode or pathway of introduction

The Americas were the main source of the naturalized flora of Beijing (47.3%) (Fig. 5).

Almost half of them (23 species) were native to North America sensu stricto (Canada, the

United States, and Mexico), four to North America sensu lato (that is, from Canada to
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Fig. 3 Habit and life form of the naturalized and invasive flora of Beijing Municipality
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Fig. 4 Distribution of the naturalized and invasive flora of Beijing by habitat type. 1 ruderal habitats (i.e.,
roadsides, disturbed places, etc.), urban areas (i.e., urban parks and gardens); 2 agricultural areas (i.e.,
cultivated fields, orchards, etc.); 3 grasslands and shrublands; 4 forests or forest margins; 5 wetlands (i.e.,
marshes, riverbanks, streamsides, lakeshores, etc.) or water bodies (rivers, lakes, ponds, reservoirs, irrigation
canals); and 6 other (i.e., rocky outcrops, sandy places, etc.). Plant species may occur in more than one
habitat type. Assignment of species to habitats relies on information in the general literature and does not
reflect the habitat occupation of species in Beijing
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Panama), six species to South America, 16 to the neotropics, and four were widespread

throughout America. Up to 15 plant species included China within their native ranges

(Appendix 1, Table 4). For the invasive species, American species were even more pre-

dominant with 70.8% (Fig. 5). Similar to the naturalized flora, North America s. s. also

accounted for nearly half of the invasive species of American origin. Interestingly, none of the

invasive plant species recorded in Beijing Municipality had China as part of its native range.

Many naturalized plant species in Beijing are accidental introductions (40.2%). Only a

small fraction (20.5%) is known to have been introduced deliberately as useful plants

whereas no information is available for the remaining 44 species on how and/or why they

were introduced (Appendix 1, Table 4). Many accidental introductions (24 species) have

occurred through the escape of garden and landscape plants, but other accidental intro-

ductions include exchange or importation of crop seeds (eight species), importation of

foods (six species) and livestock products (two species), and transportation of luggage (five

species). Of the intentional introductions, most plants are used as ornamental (11 species),

followed by medicinal and forage plants (four species each one). Of the invasive plants in

Beijing, 37.5% represent accidental introductions (mainly through importation of garden

and landscape plants), nearly 15% are deliberate introductions (mostly ornamental), and

the rest (47.9%) are unknown introductions.

Discussion

Effects of urbanization in numbers and distribution of the naturalized and invasive flora

of Beijing Municipality

The study of the alien biota, especially naturalized and invasive species, is a relatively new

research field in China (Weber et al. 2008; Wu et al. 2010), and this study is the first

comprehensive catalog of the naturalized flora of the Beijing Municipality. We identified 112

plant species as naturalized, which represents a *23% increase from the previous report of

Liu et al. (2002) for the capital of China and its surrounding areas (91 species). This suggests

that biological invasions have increased over the last decade. Economic development in

China has fostered biological invasions (e.g., Ding et al. 2008) and particular sectors such as
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residential construction, GDP, industry, increased freight, passenger traffic, and length of

transportation routes are correlated with the number of invasives (Lin et al. 2007; Wu et al.

2010). In Beijing, the present and recent GDP and population growths are positively cor-

related with the number of naturalized and invasive plant taxa. Other parameters, such as loss

of plowland or population density, demonstrate a positive though not significant relationship

with the number of naturalized and invasive plants (Table 2).

The number of naturalized and invasive plant species in Beijing remains modest

compared to other large Chinese and Asian cities such as Shanghai, Hong Kong, or

Singapore (Table 3). This is not surprising because all of these cities harbor the busiest

seaports in the world (Maatsch et al. 2009) and have had large industrial and commercial

centers open to international trade since at least the nineteenth century. Beijing, in contrast,

was a relatively isolated administrative and cultural center where large-scale trade,

industry, and transport facilities remained largely undeveloped until the 1960s. For

example, in 1957, Beijing’s industrial production was less than one-sixth of Shanghai’s and

about half that of the neighboring Tianjin; in the early 1950s, the public transport in

Beijing was virtually absent, just a few streets were paved, and only a very small per-

centage of the population had running water and electricity (Haw 2007).

In general, the urban expansion districts exhibit higher numbers of naturalized and

invasive plants (Table 1, Fig. 1), and this appears to be due to land-use and demographic

factors. The urban expansion districts constitute the functional area of Beijing with the

highest population growth in recent decades, and these currently have the highest GDP and

the largest GDP growth (Table 1). Similarly, these districts have undergone the greatest

urban expansion (Wu et al. 2006; Tang and Kunzmann 2008) to cope with the huge

demand for new housing (the inner districts were already completely urbanized since the

1960s). These districts also harbor two-thirds of the factories in the municipality (Tian

et al. 2010) and some of the main transport infrastructures (e.g., three of the orbital

expressways and the international airport) reflected in the loss of agricultural land over the

last two decades (Table 1).

Managed green spaces in urban districts (i.e., street trees, lawns, urban and residential

gardens, and parks) may also account for the growing number of naturalized plants in

Table 3 Naturalized and invasive floras of the other Chinese and Asian large cities studied

City Area
(km2)

Population (in
million)

Total
flora

No. of
naturalized
species

No. of
invasive
species

References

China

Beijing 16,410a;
1,368b

16.95 2,276a;
1,235b

112a; 100b 48a; 40b This study; Wang
et al. (2007)

Zhongshan 1,800 1.42 610 – 81 Jiang et al. (2008)

Liuzhou 658a;
110b

1.89 853 – 51 Qiu et al. (2007); Shi
et al. (2009)

Hong
Kong

1,074 11.04 2,130 238 180 Ng and Corlett (2002)

Shanghai 7,037 18.88 850 350 84 Xu (1999)

Asia

Singapore 636 4.99 4,192 223 – Chong et al. (2009)

a All the municipality
b Only urban areas (urban core and urban expansion areas)
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Beijing. These green areas substantially increased in large part to prepare the city to host

the 2008 Olympic Games. During the period 2001–2007, over 700 spaces were built

downtown, an increase of nearly 9,000 Ha (United Nations Environment Programme

(UNEP) 2009). Today, green space totals nearly 60 thousand Ha (Table 1) and this will

increase in the future (Yan 2009). This trend is especially significant as urban gardens and

parks often contain many alien species planted as ornamentals which may escape and can

become sources for invasions (Kowarik 2005; Botham et al. 2008). This is the case for

Europe where the majority of plant invaders were introduced as ornamentals (Hulme

2007). In Beijing, over 50% of the plant species grown in urban green spaces are of alien

origin (Zhao et al. 2010), likely setting the stage for future invasions. One of the most

notorious cases is the massive planting of Rhus typhina throughout the municipality,

including the Olympic Park (Ji 2009). Regrettably, this shrub native to North America was

one of the main species used for afforesting Beijing and today has become a serious

invader (Wang et al. 2008).

Haidian district has the largest number of naturalized and invasive species in the Beijing

Municipality (Fig. 2). It also has the highest GDP and the largest GDP growth as well as

one of the fastest population growth rates (Table 1). In addition, Haidian has several

botanical gardens, including the Beijing Botanical Garden (one of the largest in China) and

the botanical garden of the Institute of Botany (Chinese Academy of Sciences). Botanical

gardens are intentionally managed to accommodate alien plants and are often foci for their

spread and escape (Reichard and White 2001; Dawson et al. 2008). For example,

Euphorbia dentata, a serious invasive in Beijing, was first naturalized in the botanical

garden of the Institute of Botany (Ma and Liu 2003; Li et al. 2008).

Profile of the naturalized and invasive flora

Although the number of invasive species in Beijing is relatively low at present, this number

represents a significant fraction of the species richness reported for the entire country: up to

one-quarter of the total naturalized flora of China (*420 species; Wu et al. 2010) and

*one-fifth of the invasive flora of China (270 plant species; Weber et al. 2008). Some of the

invasive species listed in the Appendix 1 (Table 4) are among the most noxious invaders in

China, such as Alternanthera philoxeroides, Ambrosia trifida, Lolium temulentum, Sorghum
halepense, and Solidago canadensis (Huang et al. 2009; Feng and Zhu 2010).

Only six families (Asteraceae, Poaceae, Amaranthaceae, Euphorbiaceae, Brassicaceae,

and Fabaceae) accounted for almost two-thirds of the naturalized and invasive flora of

Beijing, which is not surprising as these families, together with Solanaceae, are the main

contributors to the alien floras not only of Asian cities and regions, but also worldwide

(e.g., Pyšek 1998; Ng and Corlett 2002; Wu et al. 2004, 2010; Kil et al. 2004; Zerbe et al.

2004; Weber et al. 2008; Chong et al. 2009; Shi et al. 2009). The large numbers of species

of Amaranthaceae and Euphorbiaceae (common in tropical or warm climates; Heywood

et al. 2007; Wu et al. 2010) are remarkable in the flora of Beijing which is typical of the

Northern Hemisphere having strong continental characteristics (Ma and Liu 2003). Why

these species thrive in Beijing is an issue that deserves further investigation, but it may be

related to the ‘‘urban heat island effect’’ (Ricotta et al. 2009).

Annual herbs are by far the most predominant life strategy of both the naturalized and

invasive plant species of Beijing. Few invasive plants have long generation cycles (i.e.,

perennials), as is expected for highly disturbed urban environments (Zerbe et al. 2004;

Pyšek and Richardson 2007; Kowarik 2008). Although Beijing has still many natural areas,

these have not yet been significantly invaded by long-lived perennials such as shrubs and
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trees which often invade natural and semi-natural environments (Cadotte and Lovett-Doust

2001; Vilà et al. 2008) possibly reflecting that large-scale introductions in Beijing are still

in an early phase (Pyšek et al. 2003; Pyšek and Richardson 2007; Huang et al. 2010).

The Americas are the main contributors to the naturalized and invasive flora of Beijing,

a pattern also found at national level (Liu et al. 2006; Xu et al. 2006; Weber et al. 2008;

Wu et al. 2010), as well as for other several Chinese provinces and cities (Ng and Corlett

2002; Wu et al. 2004; Jiang et al. 2008; Yang and Chen 2009), and Singapore (Corlett

1988). The increase of international trade between Asia and America, as well as biogeo-

graphical affinities have been proposed as reasons for the predominance of American

elements in the alien floras of China and neighboring regions (Corlett 1988; Wu et al.

2004; Liu et al. 2006; Weber et al. 2008). A particularity of this study is the larger weight

of species native to the temperate areas of North America, a foreseeable result considering

the high latitude of Beijing.

Conclusions, prospects, and recommendations

Beijing is one of the fastest developing cities in the world, and urban expansion is pre-

dicted to continue in the future (Tang and Kunzmann 2008) fueled by economic growth

and the immigration of rural people into the urban areas (Anonymous 2007). Therefore,

more invasions are expected into a flora that still has a relatively low proportion of alien

species (e.g., Ma and Liu 2003; Weber and Li 2008). In addition to growing urbanization,

the mountainous districts already suffering from pollution, wetland loss, and severe soil

erosion (Wang et al. 2007) are expected to become more invaded. Rural tourism, which has

boomed in recent years, may be an additional driver for invasions by enhancing urbani-

zation and infrastructure development (Wang et al. 2007).

The current wave of urbanization and ecological degradation urgently necessitate the

development and implementation of an appropriate management strategy to minimize

further invasions, including enforcing quarantines and inspection procedures. It is essential

to strengthen risk assessment procedures to manage the deliberate introduction of alien

species to prevent ill-conceived introductions such as the massive planting of the invasive

shrub R. typhina. Using more native species rather than alien species should be the norm,

and not the exception, when designing new green areas (Zhao et al. 2010). Nonetheless,

any management or regulation measure will fail if public awareness and further scientific

research are not included as in a comprehensive action plan. This study should be regarded

only as the baseline for launching more ambitious surveys on biological invasions to

address at a minimum the following: (i) estimates of species frequency in each district; (ii)

identification of the historical process of invasions within the municipality; (iii) identifi-

cation of the most aggressive invaders; and (iv) estimates of the economic and environ-

mental impacts of the introduced species.
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See Table 4.
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Ricotta C, La Sorte FA, Pyšek P, Rapson GL, Celesti-Grapow L, Thompson K (2009) Phyloecology of

urban alien floras. J Ecol 97:1243–1251
Shi LC, Shi G, Yi QL, Qin YC, Dong ZD, Huang GZ (2009) The countermeasure researches for investi-

gation and eradication of alien invasive plants in Liuzhou. J Guangxi Acad Sci 25:178–182
(in Chinese)

Tang Y, Kunzmann KR (2008) The evolution of spatial planning for Beijing. Inform Raumentwicklung
2008:457–470

Tian G, Wu J, Yang Z (2010) Spatial pattern of urban functions in the Beijing metropolitan region. Habitat
Int 34:249–255

UNEP (United Nations Environment Programme) (2009) Independent environmental assessment Beijing
2008 Olympic Games. UNEP, Nairobi
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