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Abstract: Invasive plant species are often characterized by superior resource acquisition capabilities
compared with native species, contributing to their success in new environments. However, the
dominance of these species varies, and not all invasive species become dominant, nor are all native
species uniformly vulnerable to competitive exclusion. In this study, we analyzed 19 functional traits
across 144 herbaceous plant species in Guangzhou, China. The studied species included 31 invasive
dominant species (IDS), 19 invasive non-dominant species (INS), 63 native dominant species (NDS),
and 31 native non-dominant species (NNS). Our findings reveal no significant differences in functional
traits between IDS and INS, indicating a broad trait similarity within invasive categories. Pronounced
similarities between invasive species and NDS suggest an ecological equivalency that facilitates
successful integration and competition in new habitats. Notable differences in several key traits—
height, leaf thickness, leaf water content, stoichiometry, photosynthetic rate, water use efficiency, and
nitrogen use efficiency—indicate a competitive superiority in resource acquisition and utilization for
invasive species over NNS. These distinctions are vital for understanding the mechanisms driving
the success of invasive species and are crucial for developing strategies to manage their impact on
native ecosystems.

Keywords: invasive species; native species; dominant; leaf functional traits; nutrient content;
photosynthesis; seed; height

1. Introduction

Recent studies reveal that China hosts 933 naturalized plant species [1]. Among these,
403 have been classified as invasive alien plants [2]. The annual direct economic losses
attributed to 283 invasive species in China are estimated to surpass USD 2397.39 million,
with invasive alien plants responsible for 66.4% of these costs. Previous studies utilizing
the Global Naturalized Alien Flora Database have revealed that the highest numbers of
alien species are found in Australian states and several regions in North America, England,
Japan, and New Zealand, and that 3.9% of the existing global vascular flora have become
naturalized worldwide due to human activities [3,4]. Furthermore, studies based on the
year of alien species records suggest an anticipated increase of approximately 1200 alien
vascular plant species in Asia from 2005 to 2050 [5], indicating an ongoing trend without
signs of saturation.

Concerns regarding the impact of alien species have significantly heightened interest
in identifying the determinants of invasion success. Consequently, the mechanisms driving
alien plant species invasions have emerged as a principal focus within the field of biology. A
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leading hypothesis posits that alien plant species exhibit greater competitiveness compared
with native species [6]. The comparative analysis of trait differences between native and
alien plant species has gained prominence in the field of plant invasion ecology [7–10]. The
variance in traits between native and alien species is often considered a key mechanism
explaining the successful invasion of plant communities [11]. To elucidate the traits charac-
teristic of invasive plants, numerous case studies have compared these traits of both native
and non-invasive exotic species. Despite these efforts, the findings have been inconclusive
or contradictory at times, failing to reveal a consistent pattern [8,9,11–15].

Not every alien species becomes dominant, and not all native species are susceptible to
being competitively excluded [9]. In the same region, there are many alien invasive species,
but their abundance varies significantly, and the same is true for native species. Therefore,
if all alien species are grouped together and all native species are also grouped together
for trait comparison, the impact of the abundance differences among the species might be
overlooked [16–18]. For example, a study conducted in the United States highlights that
invasive grasses intensify the adverse effects of drought on native annual forbs, particularly
impacting resource-acquisitive species more severely than resource-conservative ones by
altering demographic rates, such as mortality and seed production [19]. Thus, the results
of previous studies on competition between alien and native species may be biased by
focusing on a single common alien species and a rare native species. Rigorous tests of
competition between alien and native species that include both rare and common species
are, thus, crucial to understanding the determinants of invasion success and rarity [20].

When comparing trait differences among species groups, the shared evolutionary
history, which leads to non-independence of species data, can affect the outcomes. Rec-
ognizing the significant influence of phylogenetic relationships on species traits, many
researchers have focused on the comparison of functional traits between specific alien
invasive species and their native counterparts within the same genus. Nonetheless, the
competition involving alien species typically includes multiple coexisting native species
in a particular region. Therefore, it becomes important to evaluate trait differences across
a broader spectrum of coexisting alien and native species. Yet, such assessments often
overlook the phylogenetic context, omitting a critical factor in understanding trait evolution
and species interactions. Phylogenetic ANOVA, which considers phylogenetic relation-
ships among species, is crucial for accurately analyzing trait differences among groups [21].
However, integrating functional trait analyses with phylogenetic distance measures, as
recommended by Hulme and Bernard-Verdier [11], is rarely done. This oversight indi-
cates a significant gap in research methodologies, emphasizing the need for more nuanced
approaches that include phylogenetic and functional traits for a better understanding of
species invasions.

Furthermore, while most studies on functional traits have concentrated on a core set
of traits that are straightforward to measure, such as plant height, seed weight, and specific
leaf area, these traits do not necessarily predict the success or failure of plant species.
A review has shown that the influence of traits on species demographic performance
depends on both the abiotic and biotic environment [22]. Therefore, our research was
dedicated to quantifying the precise characteristics of plant species by incorporating both
easily measurable and physiological traits. Specifically, we focused on leaf stoichiometry,
carbon assimilation capacity, and nutrient use efficiency, as these traits directly influence
the performance and competitive ability of species [23,24].

Located at the junction of tropical and subtropical zones, Guangzhou boasts a rich
diversity of plant species and complex ecosystem types. As the political, economic, and
transportation hub of southern China, the city engages extensively in international com-
munication and trade. These factors contribute to the notable richness of invasive plant
species in Guangzhou. Field surveys combined with a review of relevant literature indicate
that there are 131 invasive plant species in the city, of which 114 are terrestrial herbaceous
plants [25]. In this study, we analyzed a dataset comprising 144 herbaceous plant species,
including 50 alien and 94 native species, identified as either common or rare in Guangzhou.
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We constructed a phylogenetic tree to contextualize the evolutionary relationships among
the species under investigation. Our analysis focused on 19 functional traits, encompassing
both easily measurable and physiological characteristics, to assess potential differences
between alien and native species within a phylogenetic framework. We conducted two
primary tests: (1) We examined if the functional traits’ differences were associated with com-
monness and rarity among alien and native species. (2) We assessed how these differences
varied when considered within a phylogenetic context.

2. Materials and Methods
2.1. Study Area

Guangzhou is located at the southern tip of mainland China (112◦57′ to 114◦03′ E,
22◦26′ to 23◦56′ N), covering an area of 7434.4 square kilometers (Figure 1). The region
experiences an average annual temperature ranging between 21.5 ◦C and 22.2 ◦C. It boasts
abundant water resources, with an average annual precipitation of over 1800 mm and
approximately 150 rainy days per year. The area’s complex topography harbors rich
plant resources, creating favorable ecological conditions for plant growth. The study
area is situated in a large urban setting, where the predominant land uses are divided
between construction land and various forms of vegetation. The potential vegetation
of the area primarily consists of woodland, farmland, and grassland. The woodland
coverage rate in the region is 42.14%, reflecting the richness of plant species and diversity
of natural vegetation.
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In this study, we analyzed a dataset comprising 144 herbaceous plant species in
Guangzhou, which includes 50 alien and 94 native species (Table S1). These species primar-
ily inhabit wastelands, ecosystems characterized by herbaceous vegetation interspersed
with occasional shrubs or small trees. Their overlapping distributions suggest potential
interactions within their natural habitats. The species were categorized as common or rare
according to their frequency of occupancy and levels of local abundance. The categories
were determined mainly according to the Guangzhou Invasive Plants [25] and Global
Biodiversity Information Facility databases (https://www.gbif.org). Specifically, a species
was deemed common if it exhibited widespread presence and local abundance across
Guangzhou, and rare if it was neither widespread nor locally abundant. Species catego-
rized under invasion levels 1 and 2 are designated as invasive dominant species, whereas
those classified under levels 3, 4, and 5 are termed invasive non-dominant species [25].
In total, the 144 species were categorized into 31 invasive dominant species (IDS), 19
invasive non-dominant species (INS), 63 native dominant species (NDS), and 31 native
non-dominant species (NNS).

2.2. Functional Traits Measurements

For each of the 144 species, we measured 3–5 individuals of the invasive and native
species. The thousand-seed weight (TSW) data were mainly extracted from the seed informa-
tion database of Kew (https://ser-sid.org/). Seed mass data were also collected from papers
published up to December 2023. For data from these sources, when the authors provided a
single-seed mass value for a species, that value was adopted. When multiple values were
reported for a species from different sources, we used the mean value. Plant height (H)
was measured for five mature plants using a ruler. Three to five leaves per plant were used
to determine leaf thickness (LT) using a microcalliper. For leaf area (LA) measurements,
20 fully expanded, sun-exposed leaves from the canopy of three to five individuals per
species were measured using a Li-3000A leaf area meter (Li-Cor, Lincoln, NE, USA), after
removing petioles and/or rachises. Leaves were weighed to obtain their fresh weight
and then oven-dried at 70 ◦C for 48 h to determine their dry mass. Leaf water content
(LWC) was calculated as the ratio of the difference between fresh weight and dry weight
to fresh weight. Specific leaf area (SLA) for each specimen was calculated as the ratio of
total leaf area to leaf dry mass. Subsequently, the oven-dried leaves were ground into a
fine powder for chemical analysis. Nitrogen content (Nmass, mg g−1) was determined by
Kjeldahl analysis, while phosphorus content (Pmass, mg g−1) was measured using atomic
absorption spectrophotometry. Leaf carbon content (LC) was determined using the external
heating method with potassium dichromate. The C:N and N:P ratios were determined by
calculating the leaf carbon to nitrogen content ratio and the leaf nitrogen to phosphorus
content ratio, respectively. Leaf chlorophyll content was assessed using a SPAD meter
(Konica Minolta, Tokyo, Japan) on selected leaves.

To assess light capture strategies, we measured the maximum CO2 assimilation rate per
unit area (Aarea, µmol m−2 s−1) and stomatal conductance per unit area (gsa, mol m−2 s−1)
using a Li-6400 portable photosynthesis system (Li-Cor, Lincoln, NE, United States) between
9:00 and 11:00 am on sunny days. For each species, 5–10 fully expanded, sun-exposed
leaves were measured. The mass-specific CO2 assimilation rate (Amass, µmol g−1 s−1) and
stomatal conductance (gs) were calculated using the formulas Amass = SLA × Aarea/10,000
and gs = SLA × gsa/10, respectively.

Photosynthetic nitrogen use efficiency (PNUE, µmol g−1 s−1), photosynthetic phos-
phorus use efficiency (PPUE, µmol g−1 s−1), and intrinsic water use efficiency (WUEi) were
calculated to assess resource utilization efficiency. PNUE was determined as the ratio of
Amass to leaf nitrogen content per mass (Nm), PPUE as the ratio of Amass to leaf phosphorus
content per mass (Pm), and WUEi as the ratio of Amass to gs. These calculations allow for
a comparative analysis of how plants efficiently utilize nitrogen, phosphorus, and water
under similar photosynthetic conditions.

https://www.gbif.org
https://ser-sid.org/
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2.3. Data Analyses

All data were analyzed in R 4.3.2 [26]. To account for the effects of shared evolutionary
history on species traits, we conducted phylogenetically informed statistical analyses.
Firstly, we standardized species names via the R package “Taxonstand”, using the Plant
List (https://wfoplantlist.org/) as the backbone, to have a taxonomically consistent dataset.
Then, the construction of the phylogenetic tree was accomplished using the phylo.maker
function within the R package “V.PhyloMaker”, as developed by Jin and Qian [27] (Figure
S1). We investigated differences in individual trait values among IDS, INS, NDS, and
NNS with a phylogenetic one-way analysis of variance (phylogenetic ANOVA) via the R
package “phytools”.

To examine multivariate associations among the traits, we used principal component
analysis (PCA). To better adhere to the assumptions of normality and homogeneous vari-
ances, we scaled the trait values. Mean factor loading values of the four species groups
on the first two axes were also tested by phylogenetic ANOVA, to examine whether the
species groups differed significantly along the PCA axes.

3. Results
3.1. Phenotypic and Reproductive Traits

Figure 2 shows phenotypic and reproductive traits among invasive dominant species
(IDS), invasive non-dominant species (INS), native dominant species (NDS), and native
non-dominant species (NNS). The analysis reveals statistical equivalence in leaf area (LA)
across all groups, indicating that neither invasiveness nor dominance status significantly
affects LA (Figure 2a). In terms of leaf thickness, IDS did not significantly differ from INS
but varied compared with native species; both NDS and NNS exhibited thicker leaves
than IDS, with no significant difference from INS (Figure 2b). Furthermore, there was
no significant difference in specific leaf area (SLA) among the groups, suggesting that
SLA is unaffected by the species’ ecological status or dominance (Figure 2c). Regarding
plant height, no differences were observed between IDS and INS, suggesting that invasive
species may generally share similar growth heights. However, NNS were significantly
shorter than both IDS and INS, and NDS were shorter than INS, suggesting a competitive
advantage in height for invasive species (Figure 2d). Finally, no significant difference was
noted in thousand-seed weight (TSW) among the groups, indicating that seed weight is not
influenced by a species’ invasive or native status, nor by its dominance (Figure 2e).

3.2. Leaf Stoichiometry and Leaf Water Content

Figure 3 provides a comparative analysis of leaf stoichiometry and water content
among the four groups. For leaf carbon content (LC), NNS exhibited significantly higher
values than the other groups, while IDS, INS, and NDS showed no significant differences
among themselves (Figure 3a). In terms of leaf nitrogen content (N), INS had significantly
higher levels compared with NDS. However, there were no significant differences observed
between the invasive species and NNS (Figure 3b). As for leaf phosphorus content (P),
NNS were significantly lower compared with the invasive species, but not in comparison to
NDS. Among IDS, INS, and NDS, no significant differences were noted for leaf phosphorus
content (Figure 3c). Regarding the C:N ratio, the NNS group exhibited a markedly higher
C:N ratio when compared with the other groups. Conversely, the IDS, INS, and NDS did
not show significant disparities in their C:N ratios (Figure 3d). When examining the N:P,
NNS showed significantly higher ratios compared with IDS and NDS but not with INS. No
significant differences were detected among IDS, INS, and NDS (Figure 3e). For leaf water
content (LWC), NNS were found to have a significantly lower LWC than the other groups.
Conversely, IDS, INS, and NDS did not show any significant differences in LWC among
themselves (Figure 3f).

https://wfoplantlist.org/
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Diversity 2024, 16, 317 8 of 15

3.3. Leaf Chlorophyll Content and Photosynthetic Rate

Figure 4 demonstrates the differences in plant leaf chlorophyll content and photo-
synthetic rate across the four groups. Leaf chlorophyll content (SPAD) was statistically
indistinguishable among IDS, INS, and NDS (Figure 4a). Conversely, the NNS exhibited a
significantly lower chlorophyll content. No significant differences were found in photosyn-
thetic rate and stomatal conductance per area among IDS, INS, and NDS, whereas NNS
display reduced values in both parameters (Figure 4b,c). Similarly, the photosynthetic rate
per mass (Amass) followed the same pattern, with NNS showing significantly lower rates
than other groups (Figure 4d). For gs, NDS had significantly higher stomatal conductance
per mass than IDS and NNS (Figure 4e). Thus, the observed trends suggest that native
non-dominant species (NNS) tend to exhibit lower values in the assessed physiological
parameters, which may imply a reduced capacity for photosynthesis and water transport
compared with other groups.

Diversity 2024, 16, x FOR PEER REVIEW 8 of 15 
 

 

  
(e) (f) 

Figure 3. Differences in plant leaf stoichiometry and leaf water content using phylogenetic ANOVA. 
(a) Leaf carbon content (LC, %); (b) leaf nitrogen content (N, mg−1 g−1); (c) leaf phosphorus content 
(P, mg−1 g−1); (d) leaf carbon/nitrogen ratio (C:N); (e) leaf nitrogen/phosphorus ratio (N:P); (f) leaf 
water content (LWC, %). 

3.3. Leaf Chlorophyll Content and Photosynthetic Rate 
Figure 4 demonstrates the differences in plant leaf chlorophyll content and photosyn-

thetic rate across the four groups. Leaf chlorophyll content (SPAD) was statistically indis-
tinguishable among IDS, INS, and NDS (Figure 4a). Conversely, the NNS exhibited a sig-
nificantly lower chlorophyll content. No significant differences were found in photosyn-
thetic rate and stomatal conductance per area among IDS, INS, and NDS, whereas NNS 
display reduced values in both parameters (Figure 4b,c). Similarly, the photosynthetic rate 
per mass (Amass) followed the same paĴern, with NNS showing significantly lower rates 
than other groups (Figure 4d). For gs, NDS had significantly higher stomatal conductance 
per mass than IDS and NNS (Figure 4e). Thus, the observed trends suggest that native 
non-dominant species (NNS) tend to exhibit lower values in the assessed physiological 
parameters, which may imply a reduced capacity for photosynthesis and water transport 
compared with other groups. 

  
(a) (b) 

Diversity 2024, 16, x FOR PEER REVIEW 9 of 15 
 

 

  
(c) (d) 

 

 

(e)  

Figure 4. Comparative analysis of leaf chlorophyll content and photosynthetic rates across four 
groups using phylogenetic ANOVA. (a) Leaf chlorophyll content (SPAD); (b) maximum photosyn-
thetic rate per area (Aarea, µmol m−2 s−1); (c) maximum stomatal conductance per area (gsa, mol m−2 
s−1); (d) maximum photosynthetic rate per mass (Amass, µmol g−1 s−1); (e) maximum stomatal conduct-
ance per mass (gs, mmol g−1 s−1). 

3.4. Leaf Water Use Efficiency and Nutrient Use Efficiency 
Figure 5 presents an analysis of variance in plant water and nutrient use efficiencies 

among the four groups. The data on leaf water use efficiency (WUEi) showed that there 
was no significant distinction between the IDS and INS (Figure 5a). However, IDS demon-
strated higher WUEi when compared with NDS. In contrast, the comparison between INS 
and NDS did not yield any significant differences, indicating similar WUEi between these 
two groups. The invasive groups, both IDS and INS, exhibited significantly higher WUEi 
than the NNS. In terms of leaf nitrogen use efficiency, IDS stood out, with significantly 
higher efficiency compared with NNS, while the differences between the other groups 
were not statistically significant (Figure 5b). When analyzing leaf phosphorus use effi-
ciency, the study observed a homogeneous efficiency among all groups, indicating that 
this trait index did not differ significantly between invasive and native species, nor be-
tween dominant and non-dominant species (Figure 5c). 

Figure 4. Cont.



Diversity 2024, 16, 317 9 of 15

Diversity 2024, 16, x FOR PEER REVIEW 9 of 15 
 

 

  
(c) (d) 

 

 

(e)  

Figure 4. Comparative analysis of leaf chlorophyll content and photosynthetic rates across four 
groups using phylogenetic ANOVA. (a) Leaf chlorophyll content (SPAD); (b) maximum photosyn-
thetic rate per area (Aarea, µmol m−2 s−1); (c) maximum stomatal conductance per area (gsa, mol m−2 
s−1); (d) maximum photosynthetic rate per mass (Amass, µmol g−1 s−1); (e) maximum stomatal conduct-
ance per mass (gs, mmol g−1 s−1). 

3.4. Leaf Water Use Efficiency and Nutrient Use Efficiency 
Figure 5 presents an analysis of variance in plant water and nutrient use efficiencies 

among the four groups. The data on leaf water use efficiency (WUEi) showed that there 
was no significant distinction between the IDS and INS (Figure 5a). However, IDS demon-
strated higher WUEi when compared with NDS. In contrast, the comparison between INS 
and NDS did not yield any significant differences, indicating similar WUEi between these 
two groups. The invasive groups, both IDS and INS, exhibited significantly higher WUEi 
than the NNS. In terms of leaf nitrogen use efficiency, IDS stood out, with significantly 
higher efficiency compared with NNS, while the differences between the other groups 
were not statistically significant (Figure 5b). When analyzing leaf phosphorus use effi-
ciency, the study observed a homogeneous efficiency among all groups, indicating that 
this trait index did not differ significantly between invasive and native species, nor be-
tween dominant and non-dominant species (Figure 5c). 

Figure 4. Comparative analysis of leaf chlorophyll content and photosynthetic rates across four
groups using phylogenetic ANOVA. (a) Leaf chlorophyll content (SPAD); (b) maximum photo-
synthetic rate per area (Aarea, µmol m−2 s−1); (c) maximum stomatal conductance per area (gsa,
mol m−2 s−1); (d) maximum photosynthetic rate per mass (Amass, µmol g−1 s−1); (e) maximum
stomatal conductance per mass (gs, mmol g−1 s−1).

3.4. Leaf Water Use Efficiency and Nutrient Use Efficiency

Figure 5 presents an analysis of variance in plant water and nutrient use efficiencies
among the four groups. The data on leaf water use efficiency (WUEi) showed that there was
no significant distinction between the IDS and INS (Figure 5a). However, IDS demonstrated
higher WUEi when compared with NDS. In contrast, the comparison between INS and
NDS did not yield any significant differences, indicating similar WUEi between these two
groups. The invasive groups, both IDS and INS, exhibited significantly higher WUEi than
the NNS. In terms of leaf nitrogen use efficiency, IDS stood out, with significantly higher
efficiency compared with NNS, while the differences between the other groups were not
statistically significant (Figure 5b). When analyzing leaf phosphorus use efficiency, the
study observed a homogeneous efficiency among all groups, indicating that this trait index
did not differ significantly between invasive and native species, nor between dominant
and non-dominant species (Figure 5c).

3.5. Impact of Invasiveness and Dominance on Trait Coordination: PCA

The first two principal components (PCs) extracted from the analysis accounted for a
considerable proportion of the variability within the dataset, 28.87% for PC1 and 21.84%
for PC2 (Figure 6a). The loadings on PCA axis 1 were positive for traits associated with
photosynthetic-related traits (Aarea, gsa, Amass, gs, PNUE, and PPUE) and leaf water content
(LWC), while LT, N:P were loaded at the negative end. The second PCA axis was primarily
structured by leaf stoichiometry traits (N, P, LC, and C:N) and leaf area. PC1 significantly
separated NNS from IDS, INS, and NDS (Figure 6b,c), while PC2 significantly separated
invasive species from NDS and NNS (Figures 6b and 5d). The results indicate that the
divergence of multiple functional traits along the first two axes was closely associated with
both invasiveness and dominance.
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The abbreviations used for the traits are consistent with those mentioned in the text.

4. Discussion

This study reveals significant trait similarities between both dominant and non-
dominant invasive species and native dominant species, as well as between dominant
and non-dominant invasive species. However, invasive species display unique adaptations
compared with native non-dominant species. These include variations in height, leaf
thickness, leaf water content, leaf stoichiometry, photosynthetic rate, water use efficiency,
and nitrogen use efficiency, suggesting a competitive superiority in resource acquisition
and utilization. However, no significant differences in leaf area, specific leaf area, seed
weight, and phosphorus use efficiency were found among all groups. Principal component
analysis (PCA) further illustrates a systematic differentiation between native non-dominant
species and both groups of invasive species. The application of a phylogenetic ANOVA to
our dataset reveals that the differences observed among the four groups for most of the
traits remained statistically significant, even when accounting for their evolutionary rela-
tionships. This analysis underscores the robustness of the trait variations, indicating that
they are not merely results of phylogenetic relatedness but likely reflect genuine adaptive
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differences [21,28]. Such findings are crucial as they suggest that despite sharing a common
evolutionary background, the groups have diverged significantly in terms of certain key
traits [29].

In this study, we did not find differences in seed weight among all groups. Seed weight
is a pivotal trait influencing dispersal capability, germination success, and early-life-stage
survival, which in turn affects the establishment and spread of species in new environ-
ments. Some studies report that invasive species often have smaller seeds, facilitating
wider dispersal over large areas, a trait beneficial for species establishing themselves in
new regions [30,31]. Conversely, other research finds invasive species with larger seeds,
which might contribute to higher survival rates and competitive advantages in certain
environments [9,14,32]. Additionally, many studies have documented similar seed weights
between invasive and native species, indicating that seed size alone does not predict in-
vasiveness [14,33]. Our results regarding leaf area diverge from studies conducted in
Mediterranean ecosystems, where invasive species exhibit larger leaves than native species,
and contrast with findings from the sub-Antarctic region, where invasive species have
smaller leaves than their native counterparts [8,34]. For specific leaf area, our study is simi-
lar to a study carried out in northeast China [9,14,35] and different from studies indicating
that invasive species have a higher SLA [8,36,37]. For leaf phosphorus use efficiency, our
results differ from a study reporting that invasive species have higher PPUE [7].

Our results showed no significant differences in any of the 19 functional traits between
invasive dominant species (IDS) and invasive non-dominant species (INS). IDS and INS
may both employ generalist strategies that enable them to thrive in diverse environmental
conditions. The similarity in traits suggests a concept of ecological equivalence among
invasive species, where both IDS and INS possess an overlapping set of adaptive traits
conducive to invasion success. This suggests that invasiveness and dominance may not al-
ways be readily apparent through traditional trait comparisons. Our findings are consistent
with other studies reporting that common invasive species exhibit similar functional traits
or intrinsic growth rates with rare invasive species [9,12,38]. In summary, the observed
lack of significant trait differences between IDS and INS adds an important dimension
to our understanding of biological invasions, highlighting the need for comprehensive
approaches to studying, managing, and mitigating the impacts of invasive species on native
ecosystems. Our results also indicate that, based solely on the functional traits studied,
we cannot accurately predict which alien species will become more invasive and cause
significant damage in invaded areas. Therefore, it is essential to carefully monitor and
manage all alien species during the early stages of invasion.

The research provides compelling evidence for the significant trait similarities between
IDS and native dominant species (NDS), as well as between INS and NDS, spanning a
wide range of ecological and physiological characteristics. However, certain specific traits—
such as leaf thickness, maximum stomatal conductance per mass, intrinsic water use
efficiency for IDS compared with NDS, and plant height and leaf nitrogen content for INS
versus NDS—were exceptions. This trait convergence suggests a fundamental ecological
equivalency that may underlie the ability of invasive species to successfully integrate
into and compete within new environments [9,12]. The lack of significant differences
among IDS, INS, and NDS could be attributed to their adaptation to disturbance-prone
environments. However, these traits do not uniformly confer a competitive advantage, as
demonstrated by a study in France, where most invasive dominant species exhibited larger
biomass production compared with native species [39]. A study conducted in California,
United States, found that dominant invasive species negatively impacted all target species,
particularly those that are resource-acquisitive, suggesting that IDS and NDS may share
similar traits [19]. Our observation supports the Pre-Adaptation Hypothesis in invasion
ecology, which posits that invasive species possess pre-existing traits that are advantageous
in new environments, even before exposure to these environments.

IDS manifest an array of superior traits relative to native non-dominant species (NNS),
characterized by increased leaf thickness, enhanced plant height, augmented leaf phospho-
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rus and water content, elevated chlorophyll concentrations, and markedly higher rates of
photosynthesis and stomatal conductance. Additionally, these species exhibit diminished
leaf carbon content and reduced carbon-to-nitrogen (C:N) and nitrogen-to-phosphorus
(N:P) ratios. Such phenotypic characteristics underscore a heightened efficiency in water
and nitrogen utilization. A congruent pattern was observed between INS and NNS. Our
results are consistent with recent studies which found that non-native plant species exhibit
significantly enhanced leaf nutrient content and leaf photosynthetic-related traits compared
with native species, as well as greater photosynthetic water use efficiency and nitrogen
use efficiency [14,40–42]. Invasive species across various communities exhibit leaf traits
indicative of an acquisitive resource use strategy, in contrast to the more conservative traits
observed in native non-dominant species. This is contrary to another study, which found
that both native and invasive species within annual and perennial groups exhibited similar
patterns of carbon assimilation and resource use [43]. And it is contrary to a study in the
sub-Antarctic area, which found that invasive species had lower plant height, smaller leaf
area, and higher specific leaf area than non-invasive aliens, suggesting that these traits are
associated with invasiveness [8].

5. Conclusions

Our investigation into the phenotypic, physiological, and reproductive characteristics
of both invasive and native plant species, categorized by their dominance status, illu-
minates the complex dynamics underlying plant competition and survival. While our
findings indicate that certain traits such as leaf area, specific leaf area, and thousand-seed
weight do not significantly vary across the four studied groups, this suggests a fundamen-
tal homogeneity in these traits, which transcends ecological and biological boundaries.
Invasive species generally exhibit traits conducive to a competitive advantage over native
non-dominant species. These traits underscore that dominance within a habitat is closely
linked to superior resource acquisition and utilization capabilities, a trait especially pro-
nounced in invasive dominant species. Such traits not only facilitate their survival and
proliferation but also enable them to outcompete other species. This pattern suggests that
the capacity for effective resource use is a critical determinant of dominance and success
in various ecological settings. Further reflecting on the broader impacts, anthropization
and environmental degradation can significantly alter ecological balances, potentially en-
hancing the invasiveness of certain species by creating niches that exploit their competitive
traits. The scientific implications of this work extend to enhance our understanding of
invasion biology and the factors that confer competitive advantages to invasive species in
various ecological contexts. Practically, this knowledge assists in the development of more
effective management strategies that consider both the phenotypic traits and environmental
factors driving the success of invasive species, thereby informing conservation efforts and
ecological restoration practices for maintaining biodiversity and ecological health.
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