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ABSTRACT

Vascular plants are a fundamental component of urban green spaces (UGSs) and their diversity determines the associated
ecological benefits. This study surveys the vascular plant diversity in three types of UGSs (i.e., urban parks, residential green
spaces, and street green spaces) in Guangzhou, Southern China. The distribution patterns of vascular plant diversity in UGSs
were analyzed from multiple perspectives, such as native-exotic species, urbanization degree (urban-rural gradient). We
recorded a total of 207 vascular plant species belonging to 172 genera and 83 families, accounting for only 5.9% of the total
recorded species in the city. Shannon-Wiener index and richness of street green spaces were the lowest among the three types of
UGSs. Allien and invasive species account for 8.5% and 4.6% in urban parks, 7.1% and 4.8% in residential green spaces, and 4.3%
and 0% in street green spaces respectively. Shannon-Wiener index and Pielou’s evenness index first decrease and then increase
with the central-intermediate-outer urban gradient. Compared to the surrounding natural areas and other subtropical cities,
urbanization has reduced vascular plant diversity in inner city areas, contributing to low overall diversity. Our results provide
support for urban biodiversity conservation and plant species selection for UGS planting in Guangzhou.

1 | Introduction form the primary productivity base of UGSs, drive material

cycling, and create multi-layered habitats for urban fauna and

Urban green spaces (UGSs) provide multiple important
ecosystem services such as air purification, thermal regulation,
flood control, and cultural services, which are crucial for the
sustainable development of cities. Vascular plants, characterized
by specialized xylem and phloem tissues for water and nutrient
transport, are distinct from non-vascular plants in their ability
to develop complex structures (e.g., trees, shrubs, and herbs)
and adapt to diverse urban microhabitats. This structural
complexity makes them fundamental to urban ecosystems. They

microorganisms. Their longer lifespan and larger biomass also
enhance the stability of ecosystem services, such as long-term
air purification and microclimate regulation, which are critical
for urban resilience. Vascular plants constitute the main
component of UGSs, and their diversity is a key aspect of UGSs
quality. Studies to date have shown that plant diversity en-
hances habitat heterogeneity, thereby providing habitats for a
wide range of animals and microorganisms and serving as the
foundation of urban biodiversity [1]. However, many UGSs have
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Highlights

 Native species dominated all urban green space (UGS)
types (86.9% in parks, 91.2% in residential areas, 95.7%
in street green spaces), with alien species < 10% in all.
Urban parks had the highest invasive species proportion
(4.6%), while street green spaces had none—parks are
key invasion risk zones.

Street green spaces had notably lower species richness
and Shannon-Wiener Index than parks and residential
green spaces; Simpson Diversity Index and Pielou Even-
ness showed no significant differences among the three.

o Along central (0-5 km) — intermediate (5-10 km) —
outer (10-15 km) zones, Shannon-Wiener Index and
Pielou Evenness followed a “high — low — high ” trend
(intermediate zone significantly lower); species richness
and Simpson Diversity Index had no significant gradient
differences.

o Low UGS diversity relates to urbanization (intermediate
zone habitat fragmentation) and management (preferring
herbs, inconsistent maintenance). Suggestions: prioritize
native shrubs, strengthen park invasive monitoring, and
restore intermediate zone habitat connectivity.

low vascular plant diversity, which restricts their stability to
provide ecosystem services and support biodiversity.

The economic, cultural, and social development of cities in-
fluences the plant diversity of UGSs [2, 3]. Unlike natural en-
vironments in the wilderness, the composition of vegetation in
UGSs is influenced by human factors, and its plant diversity is
subject to management. Therefore, plant diversity in cities is
affected by various natural and anthropogenic factors [4].

In recent years, some studies have found that plant diversity
exhibits a unimodal increasing trend from the city center to
rural areas, as human disturbances decrease [5-8]. However,
some studies suggest that the city center may have higher plant
diversity than suburban or rural areas due to the introduction of
many alien species or because the city itself is a biodiversity
hotspot. For instance, researchers found in their study of Sibe-
rian cities that the proportion of alien species decreased from
45% in urban areas to 23% in rural areas with increasing dis-
tance from the city center [9]. Another study discovered that
plant diversity, woody plants, and perennial herbaceous species
richness increased with urbanization in Shanghai, China, while
the Shannon-Wiener index and evenness of annual herbaceous
plants, exhibited the opposite trend [10]. Therefore, the spatial
patterns of plant diversity in UGSs may be complex and differ
across different cities. The diversity of different plant groups
(woody vs. herbaceous, native vs. non-native species) may also
show different trends along the urbanization gradient. Addi-
tionally, using different plant diversity indicators may yield
different results [11, 12].

Despite growing global research on biodiversity patterns in ur-
ban areas, the specific vascular plant diversity patterns in
different types of UGSs in central Guangzhou remain unex-
plored. In this study, we aim to fill this gap by examining the
vascular plant diversity of three types of UGS, and their spatial

patterns across different urban zones in Guangzhou. Specif-
ically, this study addresses: (1) How does vascular plant di-
versity vary among different UGS types? (2) How does species
composition influence vascular plant diversity? (3) What is the
pattern of vascular plant diversity across urban zones? The an-
swers to these questions aim to provide baseline data that can
inform targeted strategies for biodiversity conservation and ur-
ban sustainability in Guangzhou.

2 | Methodology
2.1 | Study Site

Guangzhou is the capital of Guangdong Province and one of the
largest cities in South China, serving as a major hub of fast
social and economic development in recent decades. The total
area of the city is 7434 km? with a permanent population of
18.81 million. Guangzhou is located at 22°26’-23°56’N and 112°
57’-114°3’E, with the city center at 23°06'32”"N and 113°15'53"E.
It has a typical subtropical monsoon climate in South Asia, with
prevailing southwest winds in the summer and predominantly
north winds in the winter. The greenspace coverage in the ur-
ban built-up area was 45.5% [13]. For this study, we selected a
central built-up area as the study site, which included 8
administrative districts (Figure 1). We selected three types of
UGSs, that is, urban parks, residential green space, and street
green space since these three types of UGSs account for 72% of
the total UGS area in central Guangzhou. We randomly estab-
lished 12 sampling plots for each type of UGS (Figure 2). Based
on the distribution map of UGSs in the city, the spatial diffusion
pattern of the city is determined on the OpenStreetMap (https://
www.openstreetmap.org/). We selected a 15 km radius around
the Guangdong Provincial Museum to capture the core urban-
ized area and its outward expansion gradient in all four cardinal
directions. The distances from the central point are divided into
three zones: 0-5 km (central area), 5-10 km (intermediate area),
and 10-15 km (outer area). These selected zones (gradients)
represent the outward diffusion trend during the city's urban
development, illustrating the dispersion trends of population
and economic density. To some extent, it reflected the distri-
bution of human activity levels in the city. GPS positioning was
used to locate all sample plots during the survey, recording
coordinate data and marking the sample plot locations as
reference points.

2.2 | Plant Survey

Plant community surveys were conducted annually in the
months of March to July in both 2021 and 2022. All trees within
the plots were measured, and the cover and frequency for shrubs
and herbaceous plants were recorded, along with photographs
taken to document community density. We referred to “Invasive
Plants in Guangzhou” [11], the Chinese iPlant Intelligent Plant
Database (http://www.iplant.cn/), and the National Specimen
Resource Sharing Platform (NSII) (http://nsii.org.cn/). We used
the vegetation classification system following “The Terrestrial
Plant Resources in Guangzhou” [14]. The main recorded in-
formation of each plot was as follows:

111

85UBD17 SUOLULLIOD dAIER.D 3|qedl|dde sy Aq peusenof a1e SapILe YO SN JO SN 104 AiqIT8UIUO AB|IM UO (SUORIPUOD-PUB-SLLIBH 0D A3 | 1M ARe.1q 1B [UO//SdNL) SUORIPUOD pue SWS L 84} 89S *[9202/20/TT] Uo Ariqiautiuo AS|IM ‘6000L ZPOA/Z00T OT/10p/wod A3 |1m* Arelqpul|uo//sdny wolj popeojumod ‘€-¢ ‘50 ‘6ETYY66C


https://www.openstreetmap.org/
https://www.openstreetmap.org/
http://www.iplant.cn/
http://nsii.org.cn/

GS(2019)1652

Honhote _SBEKING
* ooy

Teion Toiban”

Bay of Bengal “liayPyiTaw

w0 oywEg

+ g Q| |ota
ety

South China Sea

LEGEND
* BEUING

ess wemepuy

s { = N
"k e

E zagminte SN Sulawesi Sea
%\ ohualg Ly =
s oyt
£ 60 000 000 i ss8noopore

(b)

Legend

[ Study Area
Legend
Guangdong Pravince O 1 0 20km
| IS S

Guangzhou

FIGURE1 | The study area in Guangzhou, China. (a) Guangdong province, China; (b) Administrative district of Guangzhou; (c) Study area. *This
map was produced based on the standard map with the map revision number GS (2019) 1823 downloaded from the website of the Ministry of Natural
Resources. The boundaries of the base map have not been modified.
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FIGURE 2 | Spatial distribution map of the sample plots in Guangzhou, China. P represents park green spaces, R represents residential green
spaces, S represents street green spaces.
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1. Species, number of trees, height, crown width, and DBH
(Diameter at Breast Height) of the trees.

2. The species, coverage, abundance, density, and average
height of shrubs and herbaceous plants.

2.3 | Species Diversity

The Importance Value of Species (IV) and alpha diversity
indices were used to compare differences in vascular plant
species diversity.

Importance Value (IV) is a composite index that quantifies the
dominance of a species in a community by integrating three key
metrics: Relative Frequency (RF, the proportion of plots where
the species occurs), Relative Coverage (RC, the proportion of the
total coverage occupied by the species), and Relative Abundance
(RA, the proportion of the total number of individuals belonging
to the species). Importance Value of Species (IV) in vascular
plant communities:

_RF+RC+RA

IF 3 @
Species Richness:
R=S e
Shannon-Wiener Index:
H=Y" (PiInP) 3)
Simpson Diversity Index:
D=1-)"7 P @
Pielou Evenness:
H
J= m (5)

In the above equations, R represents species richness, H repre-
sents Shannon-Wiener Index, D represents Simpson Diversity
Index, Jrepresents Pielou Evenness, RF is Relative Frequency, RC
is Relative Coverage, RA is Relative Abundance, S is the count of
species, and P; represents the relative coverage of the i-species.

2.4 | Floristic Composition

According to the NSII, the Chinese Plant Atlas (https://www.
iplant.cn/), “Flora of China”, and the Global Biodiversity Infor-
mation Facility (GBIF), the vascular plants of UGSs in Guangz-
hou were divided into six floristic types based on their
geographical distribution. These include Tropical and Subtropical
Distribution, Ubiquitous Subtropical Distribution, Tropical and
Temperate Distribution, East Asia Distribution, East Asia Isle
Distribution, and Worldwide, Tropical and Subtropical Origin.

2.5 | Comparison of Native and Alien Plants

Based on recent reports on species information in the South
China region [15], as well as “Flora of Guangdong” and the
Chinese Plant Atlas (https://www.iplant.cn/), the percentages of
native species, alien species, and invasive species were calcu-
lated separately for the three types of UGSs.

2.6 | Data Analysis

One-way analysis of variance (ANOVA) was employed to
quantify the differences in species diversity among different
types of UGSs and urban-rural gradients. All analyses were
conducted using SAS JMP 16.0.0 software.

3 | Results
3.1 | Vascular Plant Species Composition

Through surveys conducted in 2021 and 2022 in the three types
of UGSs in central Guangzhou, including urban parks, resi-
dential green spaces, and street green areas, a total of 207 spe-
cies of 172 genera and 83 families of vascular plants were
identified. These species represented approximately 5.9%, 12.6%,
and 36.0% of the total vascular plant species in Guangzhou
(3508 species, 1362 genera, and 230 families) [16].

According to the IV in ranking the species dominance in the
canopy layer, the genus Ficus from the Moraceae family had the
highest importance value. Species with IV greater than 1 were as
follows: Ficus macrocarpa (3.64), Terminalia myriocarpa (1.76),
Cinnamomum burmanni (1.73), Ficus benjamina (1.43), Elaeo-
carpus apiculatus (1.20), Ficus virens (1.07), and Bauhinia pur-
purea (1.02). In the understory, the IV, from high to low, were as
follows: Axonopus compressus (3.85), Cynodon dactylon (3.10),
Schefflera arboricola (1.24), and Loropetalum chinense ‘rubrum’
(1.00) (Table 1). The species with IV ranging from 0.80 to 1.00
included Ophiopogon bodinieri, Oxalis corniculata, Alocasia
odora, Liriope spicata, and Duranta erecta. The remaining 135
species had a lower IV than 1.0.

The plant species in Guangzhou's UGSs belonged to five major
groups: trees, shrubs, herbaceous plants, vines, and ferns. Among
them, trees and herbaceous plants were the most dominant spe-
cies. There were a total of 80 tree species, accounting for 38.61% of
the total species richness, 27 shrub species (12.99%), and 95 her-
baceous species (46.14%). The understory exhibited the lowest
overall species richness, with relatively low similarity in species
composition among different sites. There were only three fern
species and two woody vine species. The ratio of tree to shrub to
herbaceous plant species in the vascular plant community was
approximately 4:1:3. The distribution of dominant species of
vascular plants in UGSs in Guangzhou is relatively even.

The vertical distribution of species in vegetation communities
showed distinct patterns, with more species in the canopy and
herbaceous layer and fewer species in the shrub layer (Figure 3).
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TABLE1 | Species with importance value > 1 in three types of UGSs.

Canopy layer Understory
Importance Importance
Species value Species value
Ficus 3.64 Axonopus 3.85
macrocarpa compressus
Terminalia 1.76 Cynodon 3.10
myriocarpa dactylon
Cinnamomum 1.72 Schefflera 1.24
burmanni arboricola
Ficus 1.43 Loropetalum 1.00
benjamina chinense var.
rubrum
Elaeocarpus 1.20
apiculatus
Ficus virens 1.07
Bauhinia 1.02
purpurea
100 38.61% 12.99% 46.14% 1.38% 0.88%
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FIGURE 3 | Morphological characteristic percentage of vascular
plants in Guangzhou's urban green spaces.

Additionally, among the woody vine and fern species, Epi-
premnum aureum was the sole dominant species, while the
dominant species among ferns are Cyclosorus parasiticus and
Nephrolepis cordifolia. In general, the number of species in
woody vines and ferns was relatively low.

3.2 | Characteristics of the Vascular Plant Flora

In the UGSs of Guangzhou, there were the most species with
tropical and subtropical distributions, totaling 58 species, ac-
counting for 43% of the total. This category included trees
common in South China, such as the Ficus genus (12 species),
Cinnamomum genus (3 species), and Bauhinia genus (3 species).
Next is the ubiquitous subtropical distribution, with 29 species,

making up 21% of the total. There were 17 species with an East
Asian distribution, accounting for 13%, 15 species with a trop-
ical and temperate distribution (11%), 12 species with distribu-
tion in East Asian islands (9%), and only 4 species with a
worldwide distribution found in tropical and subtropical re-
gions, making up 3% of the total (Table 2).

3.3 | Native and Non-Native Species in Three
Types of Urban Green Spaces in Guangzhou

Urban parks had 113 native plant species, 11 non-native species,
and six invasive species. Residential green spaces had 103 native
plant species, 8 non-native species, and two invasive species.
Street green spaces had 45 native species, 2 non-native species,
and no invasive species were found. Among these, public park
green spaces had the highest number of invasive species (4.6% of
the total), while street green spaces had the highest proportion
of native species (95.7% of the total). The proportion of non-
native species in all three types of UGSs is below 10% (Table 3).

There were a certain number of invasive alien plants in the
UGSs of Guangzhou. Although native plants made up over 80%
of the species in all three types of UGSs, some park green spaces
and residential green spaces still had invasive species. While the
proportion of alien species was relatively low, their distribution
was more aggregated.

3.4 | Plant Diversity Differed Across Green Space
Types

There were significant differences in species richness and
Shannon-Wiener Index of vascular plants among different types
of UGSs in Guangzhou. Street green spaces had significantly
lower species richness and Shannon-Wiener Index compared to
residential green spaces and public park green spaces. However,
there was no significant difference in various diversity indices,
including Simpson Diversity Index and Pielou Evenness, among
the three types of UGSs (Figure 4).

3.5 | Vascular Plant Diversity Along the Urban-
Rural Gradient

Different diversity indices of vascular plants exhibited differences
in the direction of central — intermediate — outer area, with a
pattern of high — low — high. Species richness and Simpson's
diversity index did not show significant differences along the
urban-rural gradient. However, Shannon-Wiener Index and
Pielou’s evenness index exhibited significant differences along the
gradient, both showing significantly lower values in the inter-
mediate zone compared to the central and outer area (Figure 5).

Vascular plant communities in three types of UGSs were
distinctly stratified. Species diversity in the canopy layer was
higher in all UGSs types, but the similarity in species compo-
sition among different UGSs was low. Some residential green
spaces and street green spaces show higher similarity in the
shrub and herbaceous layers. Loropetalum Chinense ‘rubrum’
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TABLE 2 | Floristic divisions of Guangzhou's vascular plants.
Distribution area Species Percentage (%)
Tropical and subtropical 58 43
Ubiquitous subtropical 29 21
East Asia 17 13
Tropical and temperate 15 11
East Asia Isle 12 9
Worldwide, tropical and subtropical origin 4 3

TABLE 3 | The percentage of native species, alien species and invasive species in Guangzhou's three types of urban green spaces.
Park Residential Street
Type Species Percentage (%) Species Percentage (%) Species Percentage (%)
Native species 113 86.9 103 91.2 45 95.7
Alien species 11 8.5 8 7.1 2 4.3
Invasive species 6 4.6 2 1.8 0 0.0
*%
[T s R ety i
20 o —
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FIGURE 4 | ANOVA results of vascular plant diversity in three types of urban green spaces. R = Species Richness, D = Simpson Diversity Index,

e

H = Shannon-Wiener Index, J = Pielou Evenness;

in the figure represents a significant difference between groups (p < 0.05), “**” represents a

highly significant difference (p < 0.01), and unmarked indicates no significant correlation.

was the most common ornamental shrub species in most plots,
while the distribution of other species was less consistent.

4 | Discussion

Our study reveals three core patterns in the vascular plant di-
versity of Guangzhou's UGSs: the dominant role of native species
across all green space types, the highest abundance of invasive
species in urban parks, a non-linear urban-rural diversity gradient

with a trough in intermediate zones, and a structural imbalance
characterized by herbaceous dominance over shrubs. These
findings are interconnected and reflect the interplay between
urbanization processes and vegetation management, which we
discuss below with a focus on their ecological implications and
links to our empirical data.

Native species accounted for over 85% of vascular plants in all
three UGS types, significantly higher than in many other cities.
e.g., there are 48.6% native herbaceous species in Chongqging's
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urban parks [17] and 17.7% native woody species in Spanish
urban parks [18]. This dominance likely stems from Guangz-
hou's subtropical climate, which favors local adaptation of
native flora (e.g., Ficus spp. and Cinnamomum burmanni), and
management practices that prioritize native species for land-
scaping. Such a pattern reinforces the resilience of urban eco-
systems, as native species have co-evolved with local biotic and
abiotic conditions, supporting stable ecosystem services like
microclimate regulation and habitat provision [18]. However,
this does not eliminate invasive risks: urban parks, despite their
high native species proportion, harbored the most invasive
species (4.6% of total species), which can be attributed to two
factors. First, parks have higher rates of intentional introduction
of ornamental non-natives and more frequent plant renewal
compared to residential or street green spaces [19, 20]. Second,
passive dispersal via soil or landscaping materials may further
facilitate invasive establishment in parks, where disturbed
habitats are common. This coexistence of native dominance and
invasive presence highlights the need for targeted monitoring in
high-risk areas like parks [10].

Despite their low proportion (4.6% in parks, 1.8% in residential
areas), invasive species in Guangzhou's UGSs pose long-term
ecological risks. Invasive herbs (e.g., Bidens Pilosa) compete
with native understory species (e.g., Ophiopogon bodinieri) for
resources, potentially reducing native abundance. Invasive vines
like Merremia boisiana can overgrow native trees, altering
canopy structure and disrupting habitat for fauna dependent on

native species. Parks, as hotspots of invasive presence, face
additional challenges: frequent ornamental introductions and
plant renewal accelerate invasion, while passive dispersal
spreads invasive propagules to other UGSs. These risks neces-
sitate stricter screening of non-native ornamentals and targeted
monitoring in parks, where management resources should pri-
oritize eradicating early-stage invasions to protect native com-
munity integrity.

The non-linear urban-rural diversity pattern, where higher di-
versity is observed in the central and outer zones, but a marked
decline occurs in the intermediate zone, likely results from
distinct anthropogenic pressures and ecological conditions
across the gradient. In the central zone (0-5 km from the city
center), the high management intensity, as noted in a study on
urban green space management in New York which emphasized
regular maintenance and species renewal strategies in city
center areas, directly contributes to maintaining species rich-
ness [21]. Additionally, the well-developed green infrastructure
in the central zone, similar to the mature green spaces described
in studies about urban green infrastructure development, sup-
ports stable plant communities, thus leading to relatively high
diversity [22].

In the outer zone (10-15 km), the lower urbanization pressure
allows for the preservation of more semi-natural vegetation
remnants. As research on urban-rural gradients and plant di-
versity has pointed out, these semi-natural habitats, with reduced
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human disturbance, can support balanced species evenness, as
native species adapted to local conditions can thrive without
intense competition from introduced species [23].

However, the intermediate zone (5-10 km) functions as a
“transition stress zone” during rapid urbanization. This area
experiences compounded disturbances. Ongoing infrastructure
expansion, as is common during the urbanization process as
demonstrated in numerous urban development case studies
[24], fragments natural habitats into smaller, isolated patches,
disrupting plant dispersal, and colonization. Edge effects, which
are well-documented in ecological studies on habitat fragmen-
tation [25], such as altered light, temperature, and soil nutrient
levels at the boundaries of these fragmented patches, further
reduce the suitability of habitats for many species, lowering
evenness. Moreover, management practices in the intermediate
zone are often inconsistent, as seen in research on urban green
space management across different zones [26], failing to main-
tain stable plant communities. This combination of habitat
loss, edge effects, and uncoordinated management drives the
observed diversity trough in the intermediate zone.

Our analysis also highlights a structural imbalance in UGS
vegetation: herbaceous species (46.14%) dominated over shrubs
(12.99%), with a tree-shrub-herb ratio of approximately 4:1:3. This
pattern, consistent across UGS types, may limit ecosystem mul-
tifunctionality. Multi-layered vegetation enhances microclimate
regulation, soil stabilization, and habitat complexity [27, 28], but
the scarcity of shrubs in Guangzhou's UGSs reduces these bene-
fits. This imbalance likely reflects management practices: shrubs
require more pruning than herbs, leading to preferential planting
of herbaceous species in street and residential green spaces. To
improve ecological resilience, future landscaping could integrate
more native shrubs to strengthen vertical structure.

In summary, Guangzhou's UGS vascular plant diversity is sha-
ped by a unique combination of climate adaptation favoring
natives, urbanization dynamics, and management practices
influencing invasive presence and vegetation structure. These
interconnected patterns provide a basis for targeted strategies:
prioritizing native shrubs to balance vegetation structure,
enhancing monitoring of invasive species in parks, and restoring
connectivity in intermediate urban-rural zones [29]. Such
measures can help maintain the ecological benefits of UGSs
amid ongoing urbanization.

5 | Conclusions

Relying on the field survey, this study demonstrates that
Guangzhou's UGSs exhibit exceptional dominance of native plant
species. This reflects the region's emphasis on leveraging locally
adapted flora to bolster ecosystem resilience. However, the
persistent threat of invasive species—particularly from Poaceae
and Asteraceae families—in park green spaces underscores vul-
nerabilities tied to intentional ornamental introductions, rapid
plant turnover, and passive dispersal pathways.

Our findings align with global evidence that invasive species
disrupt ecological stability, necessitating stricter biosecurity

protocols and reduced reliance on non-native ornamentals.
Spatial analysis reveals a critical bottleneck in plant diversity
within intermediate urban-rural zones, where habitat fragmen-
tation and edge effects drive biodiversity declines. Prioritizing
habitat connectivity and ecological restoration in these transi-
tional areas is imperative to counteract urban biodiversity loss.
Furthermore, the structural imbalance in Guangzhou's UGSs
dominated by herbaceous layers with sparse shrub cover, high-
lights opportunities to adopt multi-layered vegetation designs.
Integrating trees, shrubs, and ground cover could enhance
microclimate regulation, soil stability, and ecosystem multi-
functionality while mitigating disturbance impacts.

Guangzhou's unique biodiversity patterns, shaped by localized
management practices and urban development history,
emphasize the importance of context-specific strategies in urban
management. While native species conservation remains foun-
dational, adaptive measures—such as phased invasive species
eradication, community-based monitoring, and restoration of
degraded transitional zones—must be scaled to balance
ecological integrity with urban expansion pressures. By
embedding ecological principles into urban planning frame-
works, Guangzhou can serve as a model for sustainable ur-
banization in biodiversity-rich subtropical regions.
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