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ABSTRACT

Managing invasive species requires identifying the factors that determine alien species invasion success.
This study investigates how anthropogenic and biogeographical factors influence alien plant invasion in
the Sanyang Wetlands, a human-dominated island system in Wenzhou City, China. Specifically, we
analyzed whether human activities (e.g., habitat heterogeneity, proportion of road area, and cultivation)
and island characteristics (e.g., island area, isolation) affect the diversity of native and invasive plant
species similarly. We also assessed the applicability of the equilibrium theory of island biogeography to
invasive plant species diversity and examined how these factors affect invasive plant species with
different dispersal syndromes (anemochore, zoochore, and autochore). We found that both invasive and
native species richness positively correlate with island area, habitat heterogeneity, and proportion of
road area. However, although native species richness was negatively correlated with isolation, invasive
species richness was not. The diversity and composition of invasive species with different dispersal
syndromes were determined by different variables; for example, the composition and diversity of zoo-
chores was increased by habitat heterogeneity, while anemochore species richness was increased by the
proportion of road area, whereas anemochore species composition was influenced by distance to the
nearest island. We conclude that habitat fragmentation differentially affects invasive and native plant
diversity, aligning with the predictions of the equilibrium theory of island biogeography only for native
species but not for invasive species. Our findings indicate that tailoring habitat attributes and regulating
human activities could be effective strategies for mitigating the spread of invasive species in fragmented

landscapes.
Copyright © 2024 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

affect native species composition and ecological interactions,
especially during invasions by alien species (Vila et al., 2011).

Biological invasions are a serious global problem, reshaping
local communities (Wang et al., 2017, 2024; Liu et al., 2023a; Vila
et al.,, 2024). The intensification of human activities, particularly
on land use, has led to severe habitat fragmentation (Haddad et al.,
2015; Ma et al., 2023). Fragmented patches, hereafter referred to as
fragments, often harbor limited resources, which can adversely
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Identifying the potential drivers of alien species invasions of frag-
mented landscapes is crucial for predicting which fragments are
most vulnerable to biological invasions and providing a basis for
prevention and management of these invasions (Zhu et al., 2023).

The equilibrium theory of island biogeography (hereafter, island
biogeography theory) predicts that larger and less isolated islands
contain more species because they can support larger populations
that are less prone to extinction and have a higher immigration rate
(MacArthur and Wilson, 1967). However, invasive species
frequently possess superior dispersal and resource utilization
abilities compared to native species (Liu et al., 2019; Zhang et al.,
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2023). Thus, it is unknown whether their distribution patterns align
with the predictions of island biogeography theory. Some studies
have shown that the distribution patterns of native and invasive
species richness are governed by similar biogeographic principles
(Schmack et al., 2020; Mologni et al., 2021). However, research has
revealed that alien plant species favor larger, less isolated islands at
higher latitudes and closer to urban areas (Mologni et al., 2021).
Similarly, studies on wasps have observed higher abundance of
invasive species (e.g., Vespula) on islands settled by humans
(Schmack et al., 2020). These findings indicate that human activ-
ities influence invasive species distribution, challenging the pre-
dictions from island biogeography theory. Thus, it is uncertain
whether increasing isolation and decreasing fragment area reduce
alien species invasions.

Human activities have profoundly modified many fragmented
ecosystems (Russell and Kueffer, 2019), yet their impact on species
diversity remains paradoxical (Vellend et al., 2017). Human activ-
ities such as land use, habitat transformation, bushmeat hunting,
and logging can negatively affect species diversity in fragmented
habitats by increasing extinction rates, especially in small frag-
ments and among local endemics or highly specialized species
(Russell and Kueffer, 2019; Storch et al., 2022). However, some
studies have suggested that human activities can enhance species
diversity on islands by species introductions, especially the di-
versity of herbs (Wohlwend et al, 2021; Liu et al, 2023b).
Regardless, it is unclear whether human activity affects invasive
and native herbs similarly. Human activities, such as transport,
population movement, land-use intensity, and cultivation, may
help invasive species to overcome natural barriers and establish
themselves in new fragments (Schmack et al., 2020; Wohlwend
et al,, 2021; Raveloaritiana et al., 2024). Moreover, human activ-
ities may alter the relationships that invasive species have with
fragment characteristics, making them distinct from those of native
species, potentially generating unrelated or non-negative species-
isolation relationships (Moody, 2000; Guo, 2014).

Human activities, whether intentionally or unintentionally,
contribute to the introduction of invasive species while also
increasing local species diversity through the introduction of native
species (e.g., cultivation). Extensive research has examined how
local species diversity influences the success of invasive species.
The biotic resistance hypothesis (Elton, 1958) posits that species-
rich native communities are more resistant to biological invasions
than less diverse communities. However, studies indicate that this
hypothesis is likely to be supported more at smaller spatial scales
(e.g., plot scale) and is still under debate (Peng et al., 2019). Simi-
larly, the island susceptibility hypothesis suggests that continents
are more resistant to alien species invasions than islands (Jeschke
et al.,, 2018). Since species diversity generally increases with the
increase of fragment area, smaller fragments are considered more
susceptible to establishment and the ecological impacts of alien
species compared to larger ones. Despite this, it remains unclear
whether increased local species diversity through artificial culti-
vation can effectively prevent alien species invasions, and whether
larger fragments, due to their richer native species, are indeed more
resistant to biological invasions than smaller fragments.

Plant dispersal syndromes also play a crucial role in shaping the
relationship of species diversity with habitat area and isolation
(Walentowitz et al., 2022). Long-distance dispersal ability is
essential for species survival in fragmented landscapes (Bacles
et al,, 2006). Wind-dispersed (anemochore) and animal-dispersed
(zoochore) species are presumed to colonize more isolated frag-
ments (Vittoz and Engler, 2008; Arjona et al., 2018). Consequently,
human activities may have a minor impact on species with long-
distance dispersal, especially anemochore species, compared to
fragment characteristics such as isolation and habitat area.
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Although gravity-dispersed (autochore) species spread over shorter
distances, human activities may facilitate their dispersal across
fragments, potentially resulting in non-negative species-isolation
relationships. Invasive species with weaker dispersal abilities may
adapt more readily to local environments (Gioria et al., 2023),
leading to higher species composition similarity among fragments
for autochore species due to human-mediated dispersal. Thus, the
relative importance of human activities and fragment characteris-
tics in shaping the alpha and beta diversity of invasive species with
different dispersal syndromes is likely to vary. It is essential to
understand how anthropogenic activities and fragment character-
istics jointly influence the invasion of alien species with different
dispersal syndromes, particularly in landscapes where human ac-
tivities may promote invasive species dispersal.

An island system provides an excellent setting for analyzing the
impact of island area, isolation, and human activities on invasive
species diversity (Schmack et al.,, 2020; Liu et al., 2023b). In this
study, we focused on a wetland island system heavily influenced by
human activities in Wenzhou City, Zhejiang Province, China. We
aimed to determine how island characteristics (island area and
isolation) and human activities (e.g., land use, population flow, and
cultivation) affect the diversity of invasive plant species with
different dispersal syndromes (e.g., anemochore, zoochore, and
autochore species) and whether such effects differ from those on
native species. We hypothesize that: (a) island characteristics
significantly influence native species diversity, while human ac-
tivities exert a significant impact on both native and invasive spe-
cies; (b) higher local species diversity (e.g., wild native and
cultivated native species richness) does not necessarily reduce alien
species invasion at the island scale; (c) the relative importance of
island characteristics and human activities in shaping invasive
species diversity (alpha and beta diversity) depends on species
dispersal syndromes.

2. Materials and methods
2.1. Study site

In 2021, we surveyed 35 islands within the Sanyang Wetland
(27°55'25"—27°59'12"N, 120°40'53”"—-120°43'28"E), which is one
of the largest wetlands in Wenzhou City, Zhejiang Province, China
(Fig. 1; Table S1) (Liu et al., 2023b). Sanyang Wetland occupies an
area of 11.41 km? and includes 161 islands. The Sanyang Wetland
has a subtropical monsoon climate, with a minimum winter tem-
perature of —4.5 °C (in January) and a maximum summer tem-
perature of 39.03 °C (in July). Annual precipitation averages
1700 mm, with rainfall concentrated between May and September.
Annual sunshine ranges from 1442 to 2264 total hours.

We chose 35 sample islands that covered a gradient of island
area distribution (0.056—48.979 ha) and isolation across islands
(Liu et al., 2023b). These islands were formed naturally but are now
influenced by human activities such as cultivation, tourism, and
construction. Most parts of the islands are covered by Citrus retic-
ulata cv. ‘Suavissima’, Celtis sinensis Pers., and Ficus concinna Miq,
alongside invasive plant species like Solidago canadensis L., Bidens
frondosa L. Ageratum conyzoides L., and Alternanthera philoxeroides
(Mart.) Griseb.

2.2. Plant surveys

In 2021, we compiled presence-absence data of plants, including
wild and cultivated native plants (non-invasive), and invasive
plants across 35 surveyed islands. The incidence of species was
determined through multiple comprehensive field visits (including
spring and autumn) to selected islands until no additional plant
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Fig. 1. The 35 studied islands (blue color) and the location of the Sanyang Wetland in Wenzhou City, Zhejiang Province, China.

species were found. The species accumulation curve showed that
the surveys were adequate, thus creating a complete list of plant
species for each island (Liu et al.,, 2023b). Invasive plant species
were categorized based on datasets of alien plants in China (Lin
et al,, 2022) and a checklist of alien invasive plants of China (Ma
and Li, 2018; Hao and Ma, 2023). Of 73 alien invasive plant spe-
cies identified, only four species were lianas (i.e., [pomoea quamoclit
L, L nil L, L triloba L., and Cuscuta campestris Yuncker), and two
cultivated woody plants (i.e., Acacia mearnsii De Wilde and Lantana
camara L.); the remaining 67 invasive species were herbs. There-
fore, only native (non-invasive) and invasive herbaceous species
were included in subsequent analyses.

The dispersal modes of invasive herbaceous species were
defined based on morphological adaptations of diaspores for long-
distance dispersal, categorized as: (a) wind-dispersed species or
anemochore species (e.g., diaspores with plumes and wings or dust
diaspores); (b) animal-dispersed species or zoochore species (e.g.,
fleshy fruits or adhesive barbs); (c) gravity-dispersed species or
autochore species (e.g., diaspores with morphological adaptations
for short-distance dispersal only, such as ballochory and myrme-
cory); (d) water-dispersed species or hydrochory species (i.e.,
propagule is carried by water); (e) unspecialized species (no
evident or prevalent morphological adaptations) (Mologni et al.,
2022; Walentowitz et al., 2022). Because only four species were
defined as hydrochory and no species was defined as unspecialized
species, we did not consider these dispersal modes in the following
analysis.

2.3. Island attributes and human activities

The islands area (ha), distance to the nearest island (ND, m) and
the nearest distance to the mainland (MD, m) were calculated
through manually delineating islands from SPOT-6 satellite imag-
ery (pansharpened and orthorectified in natural color) with a
spatial resolution of 1.5 m (using ArcGIS 10.4), followed by appli-
cation of FRAGSTATS 4.2 to ensure accuracy (McGarigal et al., 2015)
(Table S1).

Habitat heterogeneity was assessed using the Shannon index of
each island, which reflects the diversity of land use types (i.e.,

miscellaneous grass and waste grounds, orchards or farmland,
forests, shrublands, artificial grasslands, greenhouses, and con-
struction lands). The Shannon index (H’) was calculated as H’ = —
Som.pi In(p;), where m is the number of land use types on an is-
land, p; is the proportion of land use type i in the island area (Liu
et al., 2023b). Habitat heterogeneity serves as an indicator of hu-
man land use intensity and habitat diversity changes within
islands. The proportion of road area relative to island area was
utilized to infer the anthropogenic impact, as a higher number of
roads on an island suggests increased visitor flow within islands
annually in the Sanyang Wetland, as well as connectivity, edge ef-
fects or disturbance on an island (Liu et al., 2023b).

2.4. Statistical analysis

All analyses were conducted using R v.4.2.1 (R Core Team, 2023).
The number of occurrence islands for each invasive species was
recorded, and ANOVA was performed to compare the number of
occurrence islands between anemochore, autochore, and zoochore
species.

The relationship between the number of wild native herbaceous
species and island attributes (i.e., island area, MD, and ND) was
analyzed as a comparison with invasive herbaceous species. The
power model was employed to examine the impact of island at-
tributes on both number of wild native and invasive species. The
power model fitting formula is as follows:

(1)

where x represents the island area or isolation (MD and ND), z
represents the slope of the model, and logc represents the intercept
of the model. Linear regression was also utilized to assess the re-
lationships of habitat heterogeneity and the proportion of road area
with the number of wild native species and invasive species. We
tested the difference in the slope (i.e., z value) of linear regressions
between wild native and alien invasive species using ANCOVA. We
further calculated pairwise Sorensen indices to assess composi-
tional dissimilarity (beta diversity) separately for wild native and
invasive species across all island pairs using “beta.pair()” function in
the betapart package (Baselga and Orme, 2012). The paired t-test

logS=zlogx +logc
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was then used to test for a difference in compositional dissimilarity
between wild native and invasive species.

Linear regression was used to test the relationships of the
number of wild native herbaceous species and the number of
cultivated native herbaceous species with the number of all, zoo-
chore, autochore species, and anemochore invasive species. Addi-
tionally, linear regression was utilized to assess the relationships
between the number of zoochore, autochore species, and ane-
mochore invasive species with island attributes, habitat heteroge-
neity, and proportion of road area. The number of zoochore species
was added by one as its was 0 in one of the study islands.

Generalized linear models (GLMs) with a logarithmic function
as the default linking function for the Poisson distribution were
employed to further evaluate the effects of island area, isolation,
habitat heterogeneity, and proportion of road area on the number
of all invasive species and those with each type of dispersal syn-
dromes. In GLMs, island area, MD, and ND were log-transformed
and then all predictors were standardized to a mean of 0 and a
standard deviation of 1 (i.e., standardized regression coefficients),
to compare the strength of each predictive factor. Model selection
was based on the Second-order Akaike Information Criterion (AICc,
corrected AIC for small samples) using the “dredge()” function and
“get.models()” function in the Multi Model Inference (MuMIN)
package (Barton, 2022; Burnham and Anderson, 2002), and mul-
ticollinearity between explanatory variables (i.e., island area, MD,
ND, habitat heterogeneity, and proportion of road area) was
assessed using variance inflation factors (VIFs). The VIFs test results
indicate that the VIFs values of all variables in the model are less
than 10, indicating that multicollinearity did not affect the results.
All fitted models underwent validation for normality and homo-
scedasticity using the DHARMa package by plotting a QQ plot of the
residuals and plotting residuals against fitted values (Hartig, 2022).

To test the effect of island attributes and human activities on
composition of invasive species between islands, the relationships
between species composition and predictors (i.e., island area,
habitat heterogeneity, proportion of road area, MD, and ND) were
assessed using distance-based redundancy analysis (dbRDA) with
Bray—Curtis dissimilarity. The individual effect of each factor (as
determined by hierarchical partitioning) was examined by rdac-
ca.hp package (Lai et al., 2022). The individual effect is used to
compare the difference in the proportion of response variables
explained between explanatory variables (relative importance).
The number of zoochore species on one of the study islands was 0,
so we did not consider this island in the dbRDA.

3. Results

A total of 67 invasive herbaceous species from 26 families and 51
genera were recorded across the 35 islands in the Sanyang Wetland,
including 12 zoochore species, 19 anemochore species, 32 autoch-
ore species, and 4 hydrochory species (Table S2). The number of all,
zoochore, anemochore, and autochore invasive species per island
ranged from 5 to 27,0 to 6, 2 to 10, and 1 to 11, respectively. Notably,
species such as Alternanthera philoxeroides, Bidens pilosa, and Erig-
eron canadensis L. were prevalent, with A. philoxeroides recorded on
34 islands, and both B. pilosa and E. canadensis on 30 islands
(Fig. S1). No significant difference was observed in the number of
occurrence islands per species between autochore, zoochore, and
anemochore species (Fig. S1).

Consistent with expectations, we detected a positive correlation
between island area and the number of wild native (z = 0.247,
R? = 0.538, P < 0.001) and invasive species (z = 0.107, R*> = 0.222,
P = 0.004), although this correlation was stronger the for wild
native species than for invasive species (Fig. 2a; ANCOVA test:
P = 0.011). Additionally, we found that the number of wild native
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species was negatively correlated with both MD (z = —0.206,
R?=0.225,P=0.004) and ND (z = —0.259, R? = 0.227, P = 0.004); in
contrast, the relationship between invasive species and these fac-
tors was very weak and not significant (Fig. 2b and c). Higher
habitat heterogeneity and higher proportion of road area were
associated with larger numbers of both wild native and invasive
species (Fig. 2d and e). Additionally, species composition between
islands was more similar for invasive species than for wild native
species (Fig. 3).

We observed a strong positive relationship between invasive
species richness and both wild and cultivated native species rich-
ness on islands (wild: Fig. 4a, R?> = 0.638; P < 0.001; cultivated:
Fig. 4b, R? = 0.432; P < 0.001). This positive relationship with native
species was also true for autochore, zoochore, and anemochore
invasive species (Fig. 4c and d).

We observed that island attributes and human activities differ-
entially affected invasive species with different dispersal syn-
dromes (Table 1; Fig. 5). Specifically, island area and proportion of
road area were positively correlated with the number of autochore
species. Habitat heterogeneity was positively correlated with the
number of zoochore species. The proportion of road area was
positively correlated with the number of anemochore species
(Table 1; Fig. 5).

Hierarchical partitioning analysis indicated that the most
important factor shaping invasive species composition across
islands (Fig. 6a) and zoochore invasive species individually (Fig. 6b),
is habitat heterogeneity. The most important factor influencing
composition of anemochore invasive species is ND (Fig. 6¢). No
failed to identify factors that significantly affect composition of
autochore invasive species (Fig. 6d).

4. Discussion

Invasive species can significantly impact native species com-
munities (Peller and Altermatt, 2024). Identifying environmental
factors that influence their dispersal and colonization—such as
habitat isolation, local species diversity, and human activities (e.g.,
land use types and population movement)—is crucial for the pre-
vention and management of alien species invasions
(Dimitrakopoulos et al., 2022; Liu et al., 2023a; Rojas-Sandoval
et al,, 2020). Our findings indicate that increasing island area and
habitat heterogeneity promote invasive species richness, whereas
isolation had no significant effect. Additionally, we identified vari-
ations in the relative importance of island attributes and human
activities on species number and composition on invasive plants
with different dispersal syndromes.

According to the island biogeography theory, species diversity
increases with the increase in island area and decreases with the
increase in isolation (MacArthur and Wilson, 1967). Our study re-
veals that the relationships between the number of wild native
species and island attributes are consistent with predictions of the
island biogeography theory, but such relationships for invasive
species are not (Fig. 2). Notably, there was no significant correlation
between the number of invasive species and isolation, indicating
that isolation between islands does not affect the diversity of
invasive species. This finding for native and invasive species is
similar to results obtained from other studies on islands or other
fragmented habitats (Burns, 2015; Rojas-Sandoval et al., 2020).
Previous studies have found that island characteristics (e.g., island
area and isolation) primarily affect native species richness, whereas
human-related factors mainly influence the number of invasive
species richness (Rojas-Sandoval et al., 2020; Dimitrakopoulos
et al,, 2022; Rodgers and Parker, 2003). We observed that the
slope (i.e., z-value) of the linear relationship between the number
of invasive species and island area was smaller than the slope of the
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relationship between the number of wild native species and island
area, indicating a lower turnover rate in invasive species as island
area increases. These results suggest that invasive species are
relatively common on islands, with higher composition similarity
(i.e., lower z value) between islands (Fig. 3). This similarity in
composition may be attributed to the stronger dispersal, coloni-
zation, and competition abilities of invasive species compared to
native species, coupled with human activities to further promote
their dispersal and colonization across islands.

We also found that increasing habitat heterogeneity increased
both wild native and invasive species diversity. This finding sup-
ports the habitat heterogeneity hypothesis, which states that an
increase in habitat heterogeneity within a landscape enhances
species diversity through niche partitioning (Gramer and Willig,
2005). The rise in land use types due to human activities has also
increased habitat heterogeneity in the Sanyang Wetland (Liu et al.,
2023b), thereby providing more ecological niches for both naive
and invasive species. Specifically, land-use types with less dense
canopies and landscapes with reduced forest cover could facilitate
the spread of invasive plants (Raveloaritiana et al., 2024). In addi-
tion, we found a higher proportion of road area within the island
promotes both wild native and invasive species diversity. The
proportion of road area is typically associated with increased visitor
flow within islands, enhancing connectivity, edge effects or
disturbance on islands, thereby promoting the dispersal and colo-
nization of species.

Consistent with our expectations, we found a positive correla-
tion between wild native species richness and invasive species
richness (Fig. 4a). This result does not support the biotic resistance
hypothesis (Elton, 1958). Similarly, Rojas-Sandoval et al. (2020)
reported a strong positive correlation between native and inva-
sive species richness on islands across the Lesser Antilles. The
positive correlation has also been found at a large scale (Peng et al.,
2019), and is often attributed to ecological processes simulta-
neously acting on both native and invasive species. This result
suggests that island area, habitat heterogeneity, and proportion of
road area favoring a high number of native species may also in-
crease niche opportunities for invasive species. In addition, we
found a positive correlation between the number of cultivated
native species and the number of invasive species on islands
(Fig. 4b). Plant cultivation may not only promote the dispersal of



J. Liu, M. Chen, L. Wang et al.

Plant Diversity xXx (XXXx) Xxx

(@) o (b)o
7] n @
2 2 .
o o
@ @
o o
) ®
2 g 2
D 3 2
() «
S S
£ £
L L
o 5]
™Y ™Y
8 ol .8
E " E -
é | R2=0.638; P < 0.001 é . R2=0.432; P < 0.001
* L ]
25 50 75 0 10 20 30 40

Number of wild native species

== Zoochore == Autochore Anemochore

Zoochore: R?= 0.452; P < 0.001
Autochore: R2= 0.429; P<0.001 *
Anemochore: R?=0.578; P < 0.001

—
(¢
~

Number of invasive species
6

Number of cultivated native species

== Zoochore == Autochore Anemochore

Zoochore: R?= 0.377; P < 0.001
Autochore: R2=0.324; P < 0.001 °
Anemochore: R?=0.325; P < 0.001

El

—
o
~

Number of invasive species

25 50 75
Number of wild native species

0 10 20 30 40
Number of cultivated native species

Fig. 4. Relationships between the number of invasive herbaceous species and the number of (a) wild native and (b) cultivated native herbaceous species, and relationships between
the number of zoochore (red), autochore (purple), and anemochore invasive species (blue) and the number of (c) wild and (d) cultivated native herbaceous species. The gray areas

represent the 95% confidence interval of the linear regression models.

Table 1
The results of generalized linear models (GLMs).
Estimate Std. Error z-value Pr (>|z])
Zoochore species
Habitat heterogeneity 0.172 0.083 2.057 0.040
Anemochore species
Proportion of road area 0.138 0.067 2.077 0.038
Habitat heterogeneity 0.140 0.078 1.790 0.073
Autochore species
Island area 0.219 0.088 2473 0.013
Proportion of road area 0.148 0.068 2.186 0.029

Note: In GLMs, the number of invasive species of zoochore species, anemochore
species, and autochore species were response variables, and five variables (island
area, MD: distance from mainland, ND: distance from nearest island, habitat het-
erogeneity, and proportion of road area to island area) were explanatory variables.
All explanatory variables are normalized with a mean of zero and a standard de-
viation of 1. Only the variables retained in the best model with the lowest AICc are
shown.

invasive species but also provide more niches for the coexistence of
invasive species, thereby offering more opportunities for deliberate
and accidental introduction of invasive species.

Plant functional traits related to dispersal ability can influence
invasion success of invasive species on islands (Mologni et al., 2022;
Zhang et al., 2023). Although habitat heterogeneity, island area, and
proportion of road area positively affect the number of invasive
species on islands (Fig. 2), their relative importance varies among

invasive species with different dispersal syndromes (Table 1). Apart
from differences in dispersal ability, these results may also be
related to the adaptation of different dispersal syndromes to
various environmental factors. For example, habitat heterogeneity
was found to predominantly positively affect the number of zoo-
chore invasive species, whereas island area and proportion of road
area were found to significantly affect the number of autochore
invasive species, with the proportion of road area having a signif-
icant impact on the number of anemochore invasive species
(Table 1; Fig. 5).

Invasive species dispersed by wind and animals could be
recognized to have long-distance dispersal ability (Vittoz and
Engler, 2008; Arjona et al., 2018). Here, isolation between islands
did not significantly affect the number of anemochore and zoo-
chore invasive species, whereas the distance to the nearest island
affected composition of the anemochore invasive species (Fig. 6).
Although anemochore invasive species exhibit high invasiveness on
islands due to their high dispersal ability, the distance to the
nearest island could filter the composition of anemochore species,
possibly because the nearest island acts as a stepping-stone island
(Larrue et al., 2015). Additionally, higher habitat heterogeneity in-
creases the ecological niche of plants and influences the distribu-
tion and quantity of animals in different habitat types, such as
frugivores (Kim et al., 2022), thereby increasing the number of
zoochore invasive species in this study (Table 1). Furthermore, we
found that habitat heterogeneity was the most significant factor
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influencing differences in species composition of zoochore invasive
species between islands (Fig. 6), indicating that habitat heteroge-
neity not only increases the number of zoochore species but also
results in different zoochore species compositions in different

habitats. As for autochore species, their limited dispersal ability
enables them to spread only short distance by themself. However,
we found that island area and proportion of road area, rather than
isolation (distance to the mainland and distance to the nearest
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island), significantly affected the number and composition of
autochore invasive species. This finding can arise if dispersal is very
low even among nearby islands, or if dispersal is effectively
“global,” connecting all islands equally (Liu et al., 2018). Here, we
are inclined to support the very low dispersal of autochore species
among nearby islands due to their limited dispersal ability. The
proportion of road area, related to a higher flow of visitors within
islands and connectivity, mainly promotes the dispersal and colo-
nization of anemochore and autochore invasive species.

We conclude that habitat fragmentation influences invasive and
native plant diversity in different ways. The relationship between
species diversity and island attributes aligns with the equilibrium
theory of island biogeography for native species, but not for inva-
sive species. Our findings also indicate that the diversity and
composition of invasive species, depending on their dispersal
syndromes, are influenced by different fragment attributes.
Customizing habitat management and regulating human activities
could be effective strategies for mitigating the spread of invasive
species in fragmented landscapes.
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