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Abstract
China is one of the countries most severely affected and threatened by biological
invasions. Understanding the species composition, floristic characteristics, and
influencing factors of alien plants at the national scale is crucial for reducing
invasion risks and promoting prevention and control management. Based on the
“Dataset of Alien Plants in China,”this study statistically analyzed character-
istics including species composition, life form, and floristic type, and employed
correlation analysis and stepwise regression models to deeply explore the under-
lying mechanisms linking socioeconomic and ecological factors with alien plants.
The results showed: (1) Large families (99 families, 13,741 species) and large
genera (205 genera, 7,199 species) among existing alien plants in China con-
tributed 93.41% and 48.94% to the total species number, respectively. In terms
of life form composition, herbaceous plants constitute the main component of
alien plants in China, accounting for 59.82%. (2) At the national scale, tropical
component families occupy a clear advantage, accounting for 52.65% of the total
number of families; followed by temperate component families (21.56%) and cos-
mopolitan families (20.49%). (3) The distribution pattern of the total number
of alien plants supports the distribution pattern of floristic component families,
i.e., the total number of alien plants and various floristic components are most
abundant in the eastern coastal regions and southwestern regions, decreasing
toward inland areas. However, the proportion of cosmopolitan and temperate
component families is higher in northern provinces and municipalities, while
the proportion of tropical component families is highest in southern provinces
and municipalities. (4) Correlation analysis indicated that there is a significant
positive correlation between the number of invasive species in a family and the
number of alien species contained in that family. Economic factors and climatic
conditions of each province and municipality jointly determine the spatial distri-
bution patterns of the total number of alien plants and the number of floristic
component families in China, but the proportion of each floristic component is
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mainly influenced by thermal conditions (mean annual temperature). In the
future, China should vigorously strengthen the introduction assessment and su-
pervision of herbaceous plants from large families and large genera with tropical
characteristics and cosmopolitan distribution.
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Abstract

China is one of the countries most severely affected and imperiled by biological
invasions. Mastering the species composition, floristic characteristics, and in-
fluencing factors of alien plants on a national scale is paramount to mitigating
the risk of alien plant invasion and bolstering preventive measures. Based on a
comprehensive dataset of alien plants in China, this paper statistically analyzed
the species composition, life form, floristic component and other characteris-
tics. Furthermore, it employed correlation analysis and a stepwise regression
model to deeply explore the influence mechanism of alien plants from socio-
economic indicators and ecological factors. The results were as follows: (1) The
existing alien plants in China belonging to large families (99 families, encom-
passing 13,741 species) and genera (205 genera, with 7,199 species) significantly
contributed 93.41% and 48.94% to the total species number, respectively. Re-
garding life form composition, herbaceous plants dominated the alien plants in
China, comprising 59.82% of the total. (2) Nationally, tropical component fam-
ilies held a significant advantage, accounting for 52.65% of the total families,
followed by temperate families (21.56%) and cosmopolitan families (20.49%).
(3) The distribution pattern of the total number of alien plants mirrored that
of their floristic components, that is, the total number of alien plants and their
floristic components were most abundant in the eastern coastal and southwest-
ern regions, gradually decreasing inland in China. Notably, cosmopolitan and
temperate families were more prevalent in northern provinces, whereas tropical
families dominated southern regions. (4) Correlation analysis underscored a ro-
bust linear relationship between the number of invasive alien species and the
total alien species within the same family. Socio-economic factors and climate
conditions of various provinces and cities jointly determined the spatial distri-
bution pattern of alien plants and floristic component family numbers in China.
However, the proportion of each floristic component was mainly influenced by
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heat conditions (annual average temperature). In the future, China should vig-
orously strengthen the introduction assessment and supervision of alien plants,
particularly the herbaceous plants of large families and genera with tropical
characteristics and cosmopolitan distributions.

Keywords: alien plants, floristic component, species composition, diversity,
distribution pattern

Introduction
Alien species refer to species, subspecies, or other reproductive units that occur
outside their natural range and potential dispersal range, representing a con-
cept relative to native plants within a specific region (Chen et al., 2021; Lin et
al., 2022; Liu et al., 2022). When numerous alien species are introduced into
new regions through intentional or unintentional human activities, establishing
themselves in natural or semi-natural ecosystems and causing economic, ecolog-
ical, or environmental harm to the recipient region, they are termed invasive
alien species (Richardson et al., 2000; Pyšek et al., 2020; Chen et al., 2022).
Between 1970 and 2017, the conservative annual economic cost of preventing
and controlling alien species invasions worldwide exceeded hundreds of billions
of dollars, with an upward trend (Diagne et al., 2021). Among these, alien
plant invasions constitute the largest number and variety of global biological
invasions, causing direct economic losses of $100.4 billion (Zhao et al., 2024)
and posing severe threats to national economies, ecosystems, biodiversity, so-
cial environments, and human livelihoods—considered one of the most serious
ecological threats of the 21st century (Pyšek et al., 2020; Liu et al., 2022; Chen
et al., 2023; Kripal & Chaeho, 2023).

China’s unique geographical location, complex topography, diverse climate, and
rich biodiversity, combined with rapid economic development and accelerated
global economic integration, have made it one of the countries most severely af-
fected and threatened by alien species invasions. Economic globalization and cli-
mate change are facilitating and intensifying the spread of invasive alien species
(Fonseca et al., 2019; Li & Shen, 2020; Finch et al., 2021), with new alien species
introductions continuing to increase, though growth trends vary by taxonomic
group and geographic region (Pyšek et al., 2020). Among the more than 660
identified alien invasive species in China, over 90% were intentionally introduced
or unintentionally brought in by humans (Chen et al., 2022), with natural dis-
persal being extremely rare. Habitat fragmentation and destruction of natural
ecosystems have intensified alien species invasion pressures, leading to increas-
ingly severe future biological invasion trends in China (Pyšek et al., 2017; Qin
et al., 2023). After alien organisms enter new regions, climatic conditions and
habitat heterogeneity in the new area are critical factors determining whether
the species can adapt, survive, reproduce, disperse, and cause invasive harm
(Zhou et al., 2020; Chen et al., 2021; Chen et al., 2022). Research indicates that
combining climatic factors (annual mean temperature and precipitation) with
socio-economic indicators better explains the distribution patterns of alien in-
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vasive plants in China, with warm, humid, and economically developed eastern
coastal and southwestern regions harboring more invasive species than western
and northern regions (Chen et al., 2021, 2023; Chen et al., 2022; Zhang et al.,
2023; Yang et al., 2023). Over the past 80 years, the number of alien species in
China’s coastal and southern regions has been steadily accumulating and has
not yet reached saturation (Banerjee et al., 2024).

Plant flora represents a natural complex of plant families, genera, and species,
reflecting evolutionary processes and responses to geological and climatic change
histories (Lu et al., 2018; Liu et al., 2023). The floristic study of alien invasive
plants has been a focal point in Chinese academia (Liu et al., 2022), with ex-
tensive research results at the provincial level (Hou et al., 2019; Xie et al., 2020;
Song et al., 2021; Wan et al., 2022). Tropical components dominate the invasive
plant flora in southern Chinese provinces at the family and genus levels, while
temperate components increase significantly in northern provinces (Yin et al.,
2023). Currently, research on the floristic characteristics and influencing factors
of alien invasive plants in China has concentrated on smaller regional scales, pri-
marily in economically developed coastal areas or southwestern regions (Chen
et al., 2021, 2023). While analyses of the geographic distribution patterns and
determinants of alien invasive plants nationwide have been relatively thorough
(Chen et al., 2021; Chen et al., 2022; Zhang et al., 2023), studies on the spatial
distribution patterns of floristic characteristics remain scarce. Wang et al. (2016)
analyzed the floristic characteristics of alien invasive seed plants nationwide but
did not elaborate on their influencing factors.

Currently, few studies focus on alien plants in China, primarily because com-
prehensive databases reflecting alien plant information are scarce (Lin et al.,
2022). According to the broad concept of alien plants, they include cultivated,
escaped, naturalized, and invasive plants, among which cultivated plants consti-
tute the main body of alien plants in China (Lin et al., 2022). China’s large
latitudinal span creates significant north-south differences, with some plants
requiring greenhouse cultivation in the north but capable of open-field culti-
vation, naturalization, and even invasion in the south, thus cultivated plants
still pose potential invasion risks. Many introduced alien plants escape from in-
door cultivation into natural environments, with long lag times between initial
establishment and full-scale invasion (Xie et al., 2001; Banerjee et al., 2024).
Therefore, a clear understanding of alien plant floristic characteristics and their
influencing factors is crucial for future alien plant introduction assessment and
invasion prevention and control in China, and is significant for analyzing which
floristic components of alien plants are more likely to become potential invaders.
Based on the China Alien Plant Dataset, combined with data on China’s eco-
nomic levels and climatic conditions, this study explores the following questions:
(1) What are the species composition and floristic component characteristics of
alien plants in China? (2) What are the spatial distribution characteristics of
various floristic components? (3) What are the main influencing factors? The re-
search results will help understand the species composition and evolution trends
of alien invasive plants at regional scales (Wu et al., 2010; Yin et al., 2023) and
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provide guidance for reducing alien plant invasion risks and management efforts.

1. Data and Methods
1.1 Data Sources

The China Alien Plant Inventory was obtained from the published “Dataset
of Alien Plants in China,”encompassing 283 families, 3,233 genera, and 14,710
taxa (Lin et al., 2022). The China Alien Invasive Plant Inventory was derived
from published data by Ma & Li (2018). Provincial socio-economic indicator
averages from 1999 to 2022, including Gross Domestic Product (GDP), import
trade value (IMP), number of inbound tourists (visitors), and urban green area
(UGA), were obtained from the National Bureau of Statistics China Statisti-
cal Yearbook website (http://www.stats.gov.cn/sj/ndsj/). Natural ecological
indicators, including annual mean temperature (Ta), annual mean precipita-
tion (Pa), average temperature in January (T1), and average temperature in
July (T7), were sourced from the China Meteorological Data Network National
Meteorological Science Data Center website (http://data.cma.cn/).

Due to missing data such as urban green area in Hong Kong, Macao, and Taiwan
regions, with Hong Kong and Macao having small areas and lacking accurate
authoritative records, and limited survey data on alien plants, these regions
were excluded from relevant regression analyses.

1.2 Data Processing

Following the distribution area classification principles for world seed plant fam-
ilies by Wu et al. (2003) and Wu et al. (2010), we classified the distribution area
types of alien plant families in China. The 283 alien plant families in China can
be divided into 47 distribution area types. Fern families were classified accord-
ing to“Pteridophytes of China”(Wu and Qin, 1991). Since the origins of alien
plants in China are global, and many taxa lack accurate authoritative records
domestically, for unrecorded alien plant families, we used information from The
World Flora Online (WFO, https://www.worldfloraonline.org/) for distribution
area classification.

In the quantitative composition analysis of plant families and genera, family
classification standards were: monotypic family (1 species), oligotypic family (2–
5 species), medium family (6–10 species), larger family (11–20 species), and large
family (�21 species) (Yin et al., 2023). Among China’s 283 plant families, there
are 53 monotypic families, 65 oligotypic families, 38 medium families, 28 larger
families, and 99 large families. Genus classification standards were: monotypic
genus (1 species), oligotypic genus (2–4 species), medium genus (5–8 species),
larger genus (9–12 species), and large genus (>13 species) (Hou et al., 2019).
The R/T ratio (tropical component families to temperate families) serves as an
indicator for measuring floristic properties (Xin et al., 2017). Stepwise regression
modeling was used to establish optimal regression models for economic levels and
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natural indicators (Chen et al., 2022; Chen et al., 2023; Zhang et al., 2023), with
standardized regression coefficients used to quantify the explanatory power and
direction of each factor on dependent variables. Excel 2010 software was used for
data processing and analysis, ArcGIS 18.8.2 software for mapping distribution
patterns, and Origin Pro for generating correlation heatmaps.

2. Results
2.1 Species Composition

2.1.1 Family Quantitative Composition As shown in Table 1 , although
monotypic, oligotypic, medium, and larger families collectively accounted for
65.02% of total families, they contained only 5.59% of total species. In con-
trast, the 99 large families contributed 93.41% of total species. Large fami-
lies such as Orchidaceae (263 genera, 1,174 species), Cactaceae (142 genera,
1,173 species), Fabaceae (200 genera, 662 species), Asteraceae (214 genera,
597 species), Bromeliaceae (63 genera, 588 species), Arecaceae (153 genera,
500 species), Crassulaceae (29 genera, 494 species), Euphorbiaceae (26 gen-
era, 489 species), Asphodelaceae (25 genera, 480 species), Aizoaceae (94 gen-
era, 432 species), Apocynaceae (86 genera, 422 species), Myrtaceae (42 genera,
410 species), Asparagaceae (58 genera, 404 species), Poaceae (110 genera, 343
species), Rosaceae (44 genera, 274 species), Lamiaceae (56 genera, 241 species),
and Araceae (47 genera, 238 species) each contained more than 200 species.
These 17 families collectively comprised 1,652 genera and 8,921 alien species, rep-
resenting 51.10% of total genera and 60.65% of total species, with Orchidaceae
and Cactaceae alone containing 1,174 and 1,173 alien species, respectively.

2.1.2 Genus Quantitative Composition As shown in Table 2 , China’s
alien plant flora includes 1,579 monotypic genera, accounting for 48.84% of to-
tal genera but contributing only 10.73% of total species. Oligotypic genera
totaled 998, representing 30.87% of total genera and containing 2,606 alien
species (17.72% of total species). Medium genera comprised 321 taxa (9.93%
of total genera) with 1,965 species (13.36% of total species). Larger genera
were the least numerous with only 130 genera (4.02% of total) containing 1,361
species. Large genera totaled 205, representing just 6.34% of total genera but
containing 7,199 species—48.94% of total species, representing the highest con-
tribution rate. Among large genera, Euphorbia (436 species), Eucalyptus (262
species), Aloe (214 species), Mammillaria (142 species), Hoya (141 species),
Haworthia (140 species), Dendrobium (133 species), Agave (126 species), Cono-
phytum (120 species), Tillandsia (119 species), Aechmea (119 species), Begonia
(117 species), Nepenthes (100 species), Crassula (99 species), Oxalis (85 species),
Echeveria (75 species), and Echinopsis (70 species) collectively contained 2,498
alien species, accounting for 16.98% of total species.

2.1.3 Functional Type Composition As shown in Figure 1 [Figure 1: see
original paper], when classified by life cycle, annual to biennial plants (ABP)
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comprised 61 families, 366 genera, and 819 species, representing 21.55%, 11.32%,
and 5.57% of totals, respectively. Annual/biennial to perennial plants (APP)
included 49 families, 168 genera, and 266 species (17.31%, 5.20%, and 1.81%,
respectively). Perennial plants (PP) were the most numerous, with 277 families,
2,965 genera, and 13,625 species (97.87%, 91.71%, and 92.62%, respectively).
When classified by life form, China’s alien herbaceous plants comprised 147
families, 1,745 genera, and 8,800 species, representing 51.94%, 53.97%, and
59.82% of totals, respectively, making them the dominant component of alien
plants. Trees totaled 109 families, 255 genera, and 633 species (4.30% of total
species), including 34 families, 119 genera, and 336 species of herbaceous vines,
and 53 families, 145 genera, and 297 species of woody vines. Alien aquatic
plants (AP) comprised 51 families, 115 genera, and 272 species (1.85% of total
species).

2.2 Floristic Components of Alien Plant Families in China

As shown in Table 3 , tropical floristic component families held absolute domi-
nance nationwide, encompassing 27 types with 149 families (52.65% of total fami-
lies). Among these, pantropic distribution type comprised 62 families (21.91% of
total), representing the highest proportion. Type 3 included 16 families (5.65%),
while type 2S contained 14 families (4.95%), with other tropical component
types containing 7–1 families each. Temperate component floristic types totaled
17 categories with 61 families (21.56%). Type 8-4 comprised 19 families (6.71%
of total), while types 9 and 8 included 11 and 10 families (3.89% and 3.53%,
respectively), with other temperate component types containing 8–1 families
each. Cosmopolitan distribution ranked third with 58 families (20.49% of total).
Types (16) and (17) collectively comprised 15 families (5.30% of total). The
R/T ratio of 2.44 indicates that China’s alien plant families are predominantly
tropical in nature.

2.3 Spatial Distribution Patterns of Alien Plant Floristic Components

The spatial distribution characteristics of total alien plant numbers (NAP) and
family floristic components are illustrated in Figures 2 [Figure 2: see original
paper] and 3 [Figure 3: see original paper]. Nationally, cosmopolitan, tropical,
temperate, and other component families exhibited similar distribution patterns,
being most abundant in eastern coastal and southwestern regions and decreas-
ing inland. Jiangsu, Zhejiang, Fujian, and Taiwan provinces along the eastern
coast, and Yunnan and Sichuan provinces in the southwest contained the high-
est numbers of families across all floristic components. Yunnan Province had 51
cosmopolitan, 113 tropical, and 41 temperate families, while Taiwan Province
had 50, 118, and 49 families respectively, making these the most floristically rich
regions nationally (Figure 2: a–c). In contrast, Inner Mongolia, Ningxia, and
Qinghai had the lowest floristic richness across all components. Notably, Hebei
Province and Beijing also exhibited rich alien plant floristic components, par-
ticularly Beijing with 48 cosmopolitan, 94 tropical, 44 temperate, and 9 other
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component families (Figure 2).

NCF: Number of cosmopolitan families; NTrop.F: Number of tropical families;
NTemp.F: Number of temperate families; NOF: Number of other families. The
same below.

The distribution pattern of alien plants in China supported that of family floris-
tic components (Figure 3: a), being most abundant in eastern coastal and south-
western regions and decreasing inland. The richest regions for alien plants were
Taiwan (6,211 species), Beijing (5,244 species), Fujian (3,667 species), Guang-
dong (3,544 species), and Yunnan (3,404 species), while the poorest regions were
Inner Mongolia (2 species), Qinghai (70 species), Tibet (84 species), and Ningxia
(95 species). As shown in Figure 3: b, Hainan and Guangxi had the highest R/T
values at 8.63 and 4.73, respectively, with Chongqing (3.9), Gansu (3.5), Hunan
(3.5), Guangdong (3.3), and Fujian (3.0) also exceeding 3. The lowest R/T val-
ues occurred in Shandong (1.07), Hubei (1.17), Qinghai (1.25), Xinjiang (1.3),
and the three northeastern provinces. Regarding the proportion of alien plant
family floristic components, cosmopolitan families had the highest proportions
in northern and central-western provinces, such as Inner Mongolia (100%), Tibet
(63.33%), Shanxi (58.06%), Qinghai (57.14%), and Henan (51.35%). In contrast,
proportions were lower in Fujian (21.79%), Taiwan (22.03%), Yunnan (23.94%),
Beijing (24.62%), and Shanghai (24.85%) (Figure 3: c). Tropical component
families had the highest proportions in southeastern coastal and southwestern
regions, including Hainan (62.73%), Guangxi (56.35%), Fujian (55.31%), Guang-
dong (52.94%), Taiwan (51.98%), Chongqing (53.42%), and Yunnan (53.05%),
while proportions were lowest in Inner Mongolia (0%), Qinghai (23.81%), Tibet
(26.67%), and Shanxi (29.03%) (Figure 3: d). Temperate component fami-
lies had the highest proportions in Jilin (29.63%), Hubei (29.51%), Liaoning
(28.99%), Shandong (28.3%), and Xinjiang (27.03%) (Figure 3: e). Other types
had the highest proportions in Guangdong (5.88%), Guangxi (5.56%), Beijing
(4.62%), Hainan (4.55%), and Fujian (4.47%) (Figure 3: f).

NAP: Number of alien plants; PCF: Proportion of cosmopolitan families;
PTrop.F: Proportion of tropical families; PTemp.F: Proportion of temperate
families; others: Proportion of other components. The same below.

2.4 Correlation Analysis Between Alien and Invasive Plants in China

As shown in Figure 4 [Figure 4: see original paper], a significant positive cor-
relation exists between the number of alien species and the number of invasive
species within the same family (R^{2} = 0.4, P < 0.001), indicating that families
with higher alien species diversity contain more invasive species. Species-rich
families such as Asteraceae, Fabaceae, Poaceae, and Euphorbiaceae—super-large
families—contained the most invasive plant species, with 85, 60, 54, and 22
species respectively (Ma & Li, 2018).

Data in brackets indicate alien species number and invasive species number,
respectively.
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2.5 Analysis of Influencing Factors on Alien Plant Floras

As shown in Figure 5 [Figure 5: see original paper], total alien plant numbers,
introduced plants, naturalized plants, invasive plants, and floristic component
family numbers across provinces and municipalities all showed significant pos-
itive correlations with economic indicators such as import trade and inbound
tourist numbers. Annual mean import trade value exhibited the highest explana-
tory power for total alien plant numbers and introduced plant numbers, with
correlation coefficients of 0.673 (P < 0.001) and 0.683 (P < 0.001), respectively,
indicating that higher economic levels, more frequent foreign trade, and greater
numbers of inbound tourists result in more alien species introduced through
trade and unintentional human transport, and more complex floristic compo-
nents. Urban green area showed significant positive correlations with total alien
plant numbers, naturalized plants, and invasive plants, suggesting that urban
green spaces provide habitats for alien plant establishment, escape, and invasion.
Among natural factors, January mean temperature, annual mean temperature,
and annual mean precipitation all showed significant positive correlations with
naturalized plants, invasive plants, cosmopolitan families, and tropical families,
indicating that better water and heat conditions, particularly winter temper-
atures, support more alien plants across all floristic components, with larger
proportions of tropical floristic plants and richer other components. However,
the proportion of cosmopolitan families showed significant negative correlations
with total alien plant numbers and water-heat conditions across provinces.

As shown in Table 4 , stepwise regression analysis identified three significant
influencing factors—import trade value, urban green area, and annual mean pre-
cipitation—to establish optimal models, with high explanatory power for total
alien plant numbers and introduced alien plant numbers (R^{2} = 0.656 and
0.666, respectively). Annual mean precipitation and import trade value were
the main influencing factors for naturalized and invasive plants, with optimal
model R^{2} values of 0.550 and 0.525, respectively. Import trade value also
significantly influenced the numbers of cosmopolitan families (0.397, P < 0.05),
tropical families (0.571, P < 0.001), and temperate families (0.577, P < 0.001).
Among natural factors, annual mean precipitation (0.435, P < 0.01) affected cos-
mopolitan family numbers, while annual mean temperature (0.777, P < 0.001)
and July mean temperature (-0.474, P < 0.05) influenced tropical family num-
bers. Annual mean temperature was a key influencing factor for the proportions
of cosmopolitan and tropical families, with standardized coefficients of -0.592 (P
< 0.001) and 0.708 (P < 0.001), respectively.

3. Discussion
3.1 Species Composition Characteristics of Alien Plants in China

China has introduced a rich diversity of alien plants, with large families showing
significant dominance at both family and species levels, contributing 34.98% of
total families and 93.41% of total species. Notably, Orchidaceae and Cactaceae
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each exceed 1,000 species, likely related to extensive introduction of indoor
ornamental plants (horticultural and floral species). Oligotypic families also
represent a relatively high proportion (22.97%) but contribute only 0.38% of
total species. Monotypic and oligotypic genera dominate at the genus level, col-
lectively accounting for 79.67% of total genera, while large genera show clear
dominance in total species, contributing 48.94% of total species, indicating pro-
nounced differences in dominance among families and genera within China’s
alien plant flora.

Herbaceous plants constitute the main body of alien plants in China, with an-
nual and biennial herbs being predominant, consistent with existing research
(Li & Shen, 2020). Life form represents the result of long-term plant adapta-
tion to environmental conditions during evolution and reflects comprehensive
regional physical geography (Li et al., 1981; Zhang, 2003). Herbaceous plants
possess stronger environmental adaptability than woody plants (Li et al., 1981).
Annual or biennial ephemeral plants exhibit clear advantages in r-life history
strategies, typically featuring strong reproductive capacity and seed dispersal
ability (Zhang and Xiao, 2013; Hou et al., 2019), as exemplified by invasive
plants such as Alternanthera philoxeroides, Solidago canadensis, and Erigeron
annuus. This study demonstrates that alien plant families with higher species
diversity contain more invasive species, with super-large families such as Aster-
aceae, Fabaceae, Poaceae, and Euphorbiaceae harboring the most invasive plant
species. Previous provincial-scale studies have shown that Asteraceae, Fabaceae,
and Poaceae constitute the main body of invasive plants (Hou et al., 2019; Song
et al., 2021; Wan et al., 2022; Yin et al., 2023), with these families being pre-
dominantly herbaceous, consistent with our findings. Herbaceous plants account
for 59.82% of alien plants in China and have been extensively introduced inten-
tionally as forage, ornamentals, fiber plants, vegetables, and turfgrass, further
increasing the potential risk of alien plant invasion and becoming a significant
environmental issue.

3.2 Floristic Characteristics of Alien Plant Families in China

In terms of family floristic components, China’s alien plant flora comprises 13
types and 34 variants, representing a relatively complex distribution pattern.
Tropical component families hold clear dominance with 149 families (52.61% of
total), among which pantropic distribution type (62 families, 21.91%) shows the
highest proportion. Temperate component families rank second with 62 fami-
lies (21.91%), followed by cosmopolitan distribution type (58 families, 20.49%).
These results align with findings on tropical floristic components of invasive
plants in China (Ma & Li, 2018), which identified 70 invasive plant families di-
vided into 9 distribution area types, with tropical component families comprising
35 families (50% of total), including 20 pantropic families (28.57%). However,
cosmopolitan invasive plant families totaled 29 (41.43% of total), higher than
the proportion for alien plants overall. Temperate component families success-
fully invading China represented the smallest proportion at 8.57%, showing sub-
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stantial differences from the proportion of temperate components among alien
plants. Large families such as Asteraceae, Fabaceae, Poaceae, Amaranthaceae,
and Solanaceae are all cosmopolitan families with broad adaptability. Inva-
sive plants possess strong invasion capabilities, including traits such as large
leaf area, high photosynthetic rates, nitrogen utilization efficiency, water use
efficiency, growth rate, small seed mass, strong adaptability, and allelopathic
effects (van Kleunen et al., 2010; Mathakutha et al., 2019; Zhang et al., 2021).
Asteraceae species are predominantly herbaceous with small, numerous seeds
(achenes) featuring pappus or spine structures that significantly enhance disper-
sal (Quan et al., 2018). Some Asteraceae species exhibit high stress tolerance
and phenotypic plasticity (Davidson et al., 2011; Wang et al., 2022); for ex-
ample, Chromolaena odorata shows strong drought resistance (Li et al., 2022),
while Bidens frondosa, Bidens pilosa, and Parthenium hysterophorus demon-
strate high phenotypic plasticity in response to light, water, and nutrients (Pu
et al., 2010; Wei et al., 2017; Pan et al., 2017). Fabaceae species possess ex-
tensive root systems and nitrogen-fixing capabilities (Lu et al., 2023), providing
strong adaptability. Poaceae species enhance invasiveness by increasing specific
leaf area and light utilization efficiency (Xu et al., 2022a,b). Among pantropic
families, Euphorbiaceae, Malvaceae, Acanthaceae, Balsaminaceae, and Araceae
contain numerous alien plants and varying numbers of invasive plants, with Eu-
phorbiaceae having the most alien invasive species (22 species). Euphorbiaceae
is primarily distributed in tropical and subtropical regions, possesses significant
economic and ornamental value, and has been introduced to China in large
numbers and over a long history, including invasive herbaceous species such as
Euphorbia cyathophora, E. hirta, E. hypericifolia, and Ricinus communis (Ma
& Li, 2018).

Regarding the proportions of alien plant floristic components, clear spatial differ-
ences exist across regions. Northern and central-western provinces show higher
proportions of cosmopolitan families, while southeastern coastal and southwest-
ern regions have higher proportions of tropical families, and northern coastal
provinces have the highest proportions of temperate families. Previous studies
have demonstrated that heat levels are important factors affecting the invasion
success of tropical component plants (Chen et al., 2021, 2023; Qin et al., 2023;
Yang et al., 2023). Provinces with larger tropical and subtropical climate propor-
tions have higher proportions of invasive plant tropical component families, such
as Jiangsu (84.62%), Chongqing (47.36%), and Yunnan (50.85%). Conversely,
Shandong, Henan, and Heilongjiang have higher proportions of temperate plant
genera at 36.60%, 34.13%, and 68.00%, respectively (Yin et al., 2023).

3.3 Influencing Factors on Total Alien Plant Numbers, Floristic Char-
acteristics, and Spatial Patterns

This study reveals that total alien plant numbers, total family numbers, and
family numbers of all floristic components in China exhibit similar distribu-
tion patterns—most abundant in eastern coastal, southern, and southwestern
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regions and decreasing inland—mirroring the distribution patterns of alien inva-
sive organisms (Chen et al., 2022, 2023; Yang et al., 2023). Regions with higher
socio-economic levels and better climatic conditions have the highest alien plant
richness. Climate (annual mean temperature and precipitation) combined with
socio-economic indicators better explains these distribution patterns (Zhang et
al., 2023; Chen et al., 2023; Yang et al., 2023). Large-scale studies have shown
that alien species richness is closely related to socio-economic factors and human
activities such as GDP, population density, and international trade (Fonseca et
al., 2019; Zhang et al., 2023; Yang et al., 2023). China’s eastern coastal,
southern, and southwestern provinces have higher GDP, urbanization levels,
and population size and density than northwestern and northern inland regions
(Luo et al., 2018). For example, Guangdong Province has been a key region for
international trade since the 19th century (Croddy, 2022) and is China’s rich-
est region in alien plants. This study’s finding of extremely significant positive
correlations between total alien plant numbers—especially introduced plants—
and socio-economic indicators such as import trade value and inbound tourist
numbers supports these conclusions. Research also indicates that alien plants
in China’s coastal and southern regions have been steadily accumulating over
the past 80 years and have not yet reached saturation (Banerjee et al., 2024).
Economically developed regions with large international trade volumes and high
disturbance levels facilitate alien plant dispersal to new areas, where climatic
conditions determine whether species can adapt, survive, reproduce, disperse,
and cause invasive harm (Chen et al., 2021; Chen et al., 2022).

China’s eastern coastal, southern, and southwestern regions have tropical or
subtropical climates similar to those of tropical America—the primary origin of
China’s alien plants (Lin et al., 2022). Climate similarity between origin and in-
troduction regions facilitates alien plant reproduction, dispersal, naturalization,
and invasion, making these regions hotspots for alien plant invasion.

Notably, some economically developed but cold northern regions, such as Bei-
jing (5,244 species), also have rich alien plant diversity. In these areas, diverse
alien plants can be cultivated using various greenhouse facilities, making alien
plant numbers more closely related to local economic, social, and horticultural
development levels (Lin et al., 2022). Studies have shown that reports of alien
invasive plants in northern China and some inland major cities have been increas-
ing over the past 50 years, gradually becoming hotspots for alien plant invasion
(Qin et al., 2023; Banerjee et al., 2024), a trend possibly related to high ecosys-
tem sensitivity to climate change (Hu et al., 2023) and rapid land-use changes
in these regions (Zhu et al., 2022).

In summary, China has a rich diversity of alien plants, with herbaceous plants
being particularly prominent and constituting the main body of alien plants.
Tropical component families dominate the flora with 149 families (52.65% of
total), among which pantropic distribution type (21.91%) shows the highest
proportion. China’s eastern coastal, southern, and southwestern regions with
higher socio-economic levels and better climatic conditions have the richest alien
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plant diversity, and provinces with higher heat levels have larger proportions of
tropical components. Therefore, management and control efforts should be con-
tinuously strengthened in the most alien plant-rich regions, particularly eastern
coastal and southwestern provinces. Introduction assessment and escape moni-
toring should be vigorously enhanced for herbaceous plants from large families
and genera with tropical characteristics and cosmopolitan distributions, with
controlled introduction quantities. In northern economically developed regions,
invasion risk assessment and potential invasion range studies should be fur-
ther strengthened to develop lists of potential invasive plants, while controlling
introductions of cosmopolitan and temperate component plants to reduce the
probability of successful invasion following escape.
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