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plant diversity was largely explained by internal patch char-
acteristics (e.g., size, age, shape), and external factors sur-
rounding the park (e.g., land use type and socioeconomic 
level) accounted for only 16.0% in our study. For internal 
patch characteristics, older urban parks with larger areas 
demonstrated a richer level of plant diversity and increased 
nonlinearly with increasing park area. The threshold size 
significantly affecting plant diversity variation was approxi-
mately 30 ha. Plant diversity had positive linear relationships 
with the ages of urban parks, supporting the legacy effect. In 
addition, woody plant diversity nonlinearly decreased with 
increasing park shape index, which suggested that the plant 
diversity could also be increased by optimizing the park 
shape. Regarding the external factors surrounding parks, the 
spatial distribution of woody plant diversity varied greatly 
from the urban center to the suburbs. House prices around 
the park had positive linear relationships with woody plant 
diversity in parks, supporting the luxury effect. However, 
building and road proportions, and green space proportion 
had no relationship with plant diversity in parks. This study 
can provide a robust reference for enriching plant diversity 
in urban parks, thus improving the development of urban 
sustainable cities.

Keywords  Urban ecosystem · Urban biodiversity · Urban 
park · Remote sensing · Field measurement

Introduction

Human development has led to the extinction of species doz-
ens many times faster than the average level over the past 10 
million years, with more than a million species currently at 
risk of extinction (Bongaarts 2019). Global biodiversity is 
decreasing at an unprecedented rate as a complex response 
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to several human-induced changes in the global environment 
(Shin et al. 2022). Cities are areas where human beings make 
use of nature and transform nature most thoroughly (Rigolon 
et al. 2018). Cities gradually occupy natural habitats suit-
able for wildlife, and the pressure on urban biodiversity is 
increasing sharply (Aronson et al. 2017; McDonald et al. 
2018). Therefore, it is necessary for urban planners to under-
stand how to protect and promote biodiversity in cities under 
rapid urbanization.

Urban green space, as the basis for improving the urban 
environment and shaping urban landscapes, has not only 
maintained resident well-being and eased urban heat islands 
but also plays an important role in conserving urban biodi-
versity (Ren et al. 2019; Dong et al. 2022; Liu et al. 2022). 
As the main component of the urban green space, urban 
parks are the most concentrated and representative areas 
of urban biodiversity because of their large plant area, rich 
plant species, complex community structure, and diverse 
biological functions. Understanding the potential drivers of 
plant diversity in urban parks is of considerable significance 
to the conservation of urban biodiversity.

Previous studies have focused on the assessment of plant 
diversity (Huang et al. 2017; Figueroa et al. 2018; Yeshitela 
et al. 2020) and the planning and design of plant diversity 
protection (Li et al. 2019; Chang et al. 2021). Plant diversity 
in urban parks is related to the characteristics of the park 
itself, such as park type, area, age (the age of the park as the 
quadrat survey year (2018) minus the year when the park 
was first established.), and the external environment of the 
park (Nielsen et al. 2014; Dong et al. 2019; Liu et al. 2019; 
Wang and Zhao 2020). Studies have reported that larger 
parks have higher plant diversity and are more beneficial for 
protecting rare species (Tjørve et al. 2008; Chaiyarat et al. 
2019; Zajdel et al. 2019; Yang et al. 2020). Older parks may 
preserve relatively complete native vegetation (Carpintero 
et al. 2014). In addition, recent studies show that some land-
scape characteristics surrounding the park (e.g., land use 
type and socioeconomic levels) and anthropogenic factors 
(e.g., urban areas and population) might also influence plant 
diversity (Miller et al. 2018; Roman et al. 2018; Gonçalves 
et al. 2021; Dasgupta et al. 2022). High tree diversity was 
found in old, high-income locations (Clarke et al. 2013). 
However, the potential drivers of plant diversity in urban 
parks are not fully understood. The relative contributions of 
the external landscape characteristics surrounding the park 
and the internal patch factors of urban parks to biodiversity 
are unclear. In addition, many in-depth studies on the spe-
cies diversity of urban biodiversity have been carried out in 
subtropical and temperate regions such as Australia, Cal-
edonia, the Caribbean, the Philippines, and in Chinese cities 
such as Wuhan and Haikou (Kendal et al. 2012; Fisher et al. 
2021; Liu et al. 2021; Nizamani et al. 2021; Pasion et al. 
2021). Related research in the northern cold temperate zone 

(snow climate) of Northeast China has received little atten-
tion, which could hinder developing a better understanding 
of plant diversity in the urban parks. Changchun, as a typi-
cal snow climate city in northeast China, has experienced 
accelerated urbanization since 1979, which may have caused 
changes in plant diversity in urban parks.

Based on a field-based survey with GF-2 images from 
Changchun, this study investigated the patterns and potential 
drivers of woody plant diversity in urban parks. The specific 
objectives were to: (1) identify the driving factors affecting 
plant diversity in urban parks; (2) explore the contribution 
of the park’s internal patch factors and external landscape 
characteristics to species biodiversity; and (3) explore the 
quantitative relationships between these driving factors and 
species diversity. The goal is to provide useful information 
for urban planners and designers on the design of urban 
parks to protect, maintain or enhance biodiversity.

Materials and methods

Study area

Changchun city (125°11′ − 125°25 E′, 43°43′ − 43°59′ N), 
is the political and socioeconomic center of Jilin Province 
located in the hinterland of Northeast China. It has a conti-
nental climate characterized by long, cold, dry winters and 
short, hot summers. The city receives an average annual 
rainfall of 567 mm and an annual average temperature of 
4.8 °C (Zhang et al. 2016); the highest temperature in sum-
mer is 38.5 °C, and the lowest in winter is − 36.5 °C.

Changchun was named a national forest city by 2016, 
with almost 45% of its area covered by vegetation (Ren 
et al. 2018). The forest types are mainly composed of ever-
green and deciduous, represented by willows (e.g., Salix 
babylonica L., oaks such as Quercus mongolica Fisch. ex 
Ledeb.), pines (e.g., Pinus tabulaeformis var. mukdensis 
Uyeki). Cypress (e.g., Juniperus procumbens Miq.) is com-
mon in the shrub layer. There were 14 waterfront parks, 25 
typical urban parks, 4 large-scale orchards, more than 700 
street and road forest belts, and more than 500 garden-style 
units. An urban greening system was developed combining 
points, lines, and surfaces. The goal of greening, beautifica-
tion and landscaping was achieved, and it is moving toward 
a higher quality forest city. Obviously, Changchun is ideal 
for research on forest structure and species diversity of urban 
parks (Fig. 1).

Park biodiversity

A stratified random sampling method was used (Mar-
gules and Pressey 2000; Yang et al. 2021). Plot surveys 
on plant diversity were carried out during the summer of 
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2018 − 2019. An overall survey of the park was first carried 
out before the plot survey to ensure that the quadrat selection 
was scientific and reasonable. The number of quadrats was 
determined according to the different plant communities and 
park sizes (Cheng et al. 2015) to represent the overall biodi-
versity of the park. A total of 230 sample plots were set up in 
33 typical urban parks, in which the sampling quadrats were 
30 m × 30 m (900 m2). To avoid any deviation caused by arti-
ficial selection during sampling, the random quadrats were 
selected for each park on the Baidu map by the methods used 
in the UFORE (the urban forest effects) Model (Nowak et al. 
2003). The UFORE computer model was developed by U.S. 
Forest Service in 2000 to help managers and researchers 
quantify UF structure and function.

All woody plants in each quadrat were recorded. Some 
urban forest studies divide woody plants into trees and 
shrubs according to their height (Yang et al. 2017c; Li et al. 
2020). Although the concepts “tree” and “shrub” do have 
distinct definitions from a perspective of common sense, 
they are not rigorous in an academic context. Instead, the 
terminologies of forest vertical structure research were used 
for this study (Mestre et al. 2017; Pregitzer et al. 2019).

Within different plots, the species was recorded and the 
diameter at breast height (DBH), basal area, height, leaf area 
index and growth status of each species were determined. 
For the availability, typicality, and the ability to reflect the 
biodiversity of plant communities (Chao et al. 2014; Yang 
et al. 2017b; Muvengwi et al. 2019), the species richness, 
Margalet index, Shannon–Wiener index and Simpson index 
were used for 33 urban parks (Table 1).

Driving factors of urban biodiversity

Ecological research shows that some varieties of patch char-
acteristics could determine the dynamics of urban biodiver-
sity (Liu et al. 2019; Wang and Zhao 2020). Consequently, 
four parameters were selected as patch characteristics: the 
park area and perimeter, the shape index of the park, and the 
age of the park. GF-2 remote sensing with high spatial reso-
lution was acquired in this study at 10:25 am, 14 September 
2018 to extract area and perimeter of the selected parks. 
The calculation of areas and perimeters was completed in 
ArcGIS 10.0. The shape index was calculated from the ratio 
of perimeter to area. Park age data were collected from the 
statistical yearbook and the Gardens and Forestry Bureau 
in Changchun.

To explore possible changes in plant diversity across 
different parks, the parks were placed into three classes 
(Cheng et  al. 2015): large (≥ 30  ha), medium-size 
(10 ha ≤ area < 30 ha), and small (< 10 ha). In addition, the 
parks also divided into four types according to years since 
establishment (I: ≥ 70 years; II: 41 years ≤ age < 70 years; III: 
19 years ≤ age < 41 years; and IV: age < 19 years). In addi-
tion, to confirm the impact of geographical locations on park 
plant diversity, the ring road map was used to classify parks 
into five categories, i.e., parks located on ring roads 1 − 5 
(R1 − R5). Moreover, to determine the impact of economic 
factors on park diversity index, the housing prices in the sur-
rounding area were divided into three levels (high: ≥ 12,000 
yuan RMB; middle: 5000 yuan RMB ≤ price < 12,000 yuan 
RMB; low: < 5000 yuan RMB).

Since urban biodiversity may be affected by anthro-
pogenic activities around the park (McKinney 2002; Yan 
et al. 2019), four parameters that might affect woody plant 
diversity were selected as environmental variables: hous-
ing prices, proportion of buildings, roads, and green space 

Fig. 1   Study area within the fifth-ring road of Changchun

Table 1   Biodiversity index Diversity index Calculations Descriptions

Richness Recorded as ‘1’ for each plant The number of species in the quadrat
Margalet D

1
= (S − 1)∕LnN To compare the differences in species richness between 

different parks
Shannon–Weiner H

1
= −

∑s

i=1
(P

i
LnP

i
) Shannon–Wiener index is more sensitive to rare species

Simpson D
2
= 1 −

∑s

i=1
P
2

i
Simpson index is more sensitive to enriched species
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within a 300-m buffer zone (Yang et al. 2017a). Data on 
housing prices were extracted from https://​www.​58.​com/​
fangj​iawang/​shi-​2018/. Before analysis, the two GF-2 
images were radiometrically calibrated and geometrically 
corrected with an accuracy ˂ 0.5 pixels (Dong et al. 2020). 
All image preprocessing was performed in ENVI 5.3 soft-
ware. Visual interpretation was used to extract building, 
road, and green space information from high spatial reso-
lution images. The multispectral and panchromatic images 
were fused to produce a four-band multispectral image at a 
2-m resolution. The edge of each land use classification was 
identified based on its color, size, and location (Dong et al. 
2022; Xue et al. 2019).

Data analysis

To compare differences in the diversity indices of the urban 
parks under different sizes, time since establishment, and 
locations, multiple comparison methods were used. Redun-
dancy analysis (RDA) was used to calculate the contribu-
tion of internal patch characteristics and external landscape 
factors to the park biodiversity level. Variation partition-
ing analysis was employed to distinguish the individual and 
mixed effects of driving factors. A linear regression model 
and correlation coefficient were then applied to detect pos-
sible impacts of factors on park biodiversity. In all statistical 
analyses, the internal patch characteristics (area, perimeter, 

shape, and age) and external landscape factors (housing 
prices, and percentages of buildings, roads, and green space 
within the 300-m buffer zone) were used as independent 
variables, whereas the biodiversity indices (Richness, Mar-
galet index, Shannon–Wiener index, and Simpson index) 
were dependent variables.

Results

Changes in woody plant diversity

Urban woody plant species in Changchun were abundant, 
with 98 species belonging to 51 genera and 26 families, 
and diversity changed significantly across different parks. 
Overall, plant richness had relatively large ranges from 3 
to 22, with an average of 10. The averaged Margalet index 
was 1.12, ranging from 0.57 to 2.80, and the Shannon index 
ranged from 0.70 to 2.69, with an average of 1.13. The 
Simpson index ranged from 0.42 to 0.79, with an average 
of 0.58. The results showed that the plant diversity indices 
(Richness, Margalet, Shannon–Weiner and Simpson) in large 
parks were significantly higher (p < 0.05) than in small parks 
(Fig. 2a). This suggests that large parks could have more 
woody plant species than small and medium-sized parks in 
cities (Fig. 2b, 2c, and 2d). In parks with large areas, the 
diversity indices were significantly higher. In addition, older 

Fig. 2   Species diversity index 
of urban parks with different 
park area; different letters show 
significant differences, P < 0.05

https://www.58.com/fangjiawang/shi-2018/
https://www.58.com/fangjiawang/shi-2018/
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parks had more abundant plant species, and the Margalet 
index, Shannon index and Simpson index were significantly 
higher in parks ≥ 70 years than in the other parks (Fig. 3), 
which can support the legacy effect. In addition, the spatial 
distribution of diversity varied greatly across ring-road areas 
with different urbanization intensities. The species diversity 
levels of the parks in the first ring-road area in the urban 
center and in the fifth ring-road areas in the suburbs were 
significantly higher than those of parks in other ring-road 
areas (Fig. 4). Moreover, the parks located in areas with 
higher housing prices had more woody plant species, and 
the Shannon and Simpson indices were significantly where 
housing prices were ≥ 12,000 yuan RMB (Fig. 5), which 
supports the luxury effect. Furthermore, according to the 
proportion of roads, buildings, and green space in the buffer 
zone around the park, the woody plant diversity indices of 
the different classes of parks did not change significantly 
(Fig. S1, S2 and S3).

The main driving factors of woody plant diversity 
in urban parks

Redundancy analysis (RDA) was conducted between the 
diversity indices and the internal and external factors of the 
parks (Fig. 6). The results show that the overall impact of the 
internal and external factors on woody plant diversity was 
43.9%, among which the internal factors were approximately 

twice that of external factors. Internal patch characteristics 
of area, perimeter, shape, and age accounted for 27.9% of the 
variation in woody plant diversity, and external landscape 
features (housing prices, proportion of buildings, roads, and 
green space in the 300-m buffer zone) contributed 16.0%. 
The mixed contribution of patch characteristics and land-
scape features of the parks contributed 7.3% of the variation. 
For the internal factors, park area, perimeter, and age con-
tributed 23.3%, 21.9% and 18.6% of the variation, respec-
tively. For the external factors, the proportion of buildings, 
roads, and green space in the 300-m buffer zone contributed 
7.2% to the changes in woody plant diversity.

Statistical models between the main drivers and woody 
plant diversity

Spearman correlation coefficient (Fig.  7) showed that 
the urban park area (R2 = 0.58, P < 0.01) and perimeter 
(R2 = 0.53, P < 0.05) had a significant positive relationship 
with the richness index. Park age also had a significant posi-
tive relationship with the Margalet, Shannon and Simpson 
indices. However, there was a negative relationship between 
park shape (R2 = 0.53, P < 0.05) and the richness index. For 
exterior factors around parks, housing price was positively 
correlated with Shannon (R2 = 0.47, P < 0.05) and Simpson 
(R2 = 0.64, P < 0.01) indices.

Fig. 3   Species diversity index 
of urban parks with different 
ages (I: ≥ 70, II: 41 ≤  < 70, III: 
19 ≤  < 41, IV: < 19); different 
letters show significant differ-
ences, P < 0.05
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Additional quantitative regression models were fur-
ther established to reveal the relationship between diver-
sity indices and their driving factors (Figs. S4 and S5). 
There is a logarithmic function relationship between 

urban park area and richness (Fig. S4a). Further analysis 
showed that the threshold value of urban park area for 
significantly affecting the variation in woody plant diver-
sity was approximately 30 ha. As park area increased but 

Fig. 4   Species diversity index 
of urban parks under different 
ring road.(R1: the first ring; 
R2: the second ring; R3: the 
third ring; R4: the fourth ring; 
and R5: the fifth ring; different 
letters show significant differ-
ences, P < 0.05.)

Fig. 5   Species diversity index 
of urban parks surrounded by 
different housing price.( Dif-
ferent letters show significant 
differences, P < 0.05.)
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remained < 30 ha, the diversity sharply increased with 
increasing area. However, when the area was > 30 ha, plant 
richness increased slowly according to the model curves 
(Fig. S4a). The linear positive model was established 
between park perimeter and richness (Fig. S5b), explain-
ing 31% of the variation in species diversity. This result 
suggests that the number of species in the park increased 
linearly with the increase in park perimeter. In addition, 
it was also found that park shape (perimeter/area) had a 

negative nonlinear relationship with plant richness (Fig. 
S4c), indicating that diversity decreased with increas-
ing shape. Twenty-eight percent of the diversity variance 
could be explained by the nonlinear model with urban 
park shape as an independent variable. Therefore, park 
shape can also play a more important role in improving 
biodiversity.

There were linear positive relationships between age of 
parks and the Margalet and Shannon indices (Figs. S5a and 
S5b). This suggests that woody plant diversity increased 
linearly with park age, and those older parks can have 
greater plant diversity, which supports the legacy effect. 
The Shannon and Simpson indices had a linear positive 
correlation with housing prices around urban parks (Figs. 
S5c and S5d). The higher the housing price, the higher the 
level of plant diversity, which supports the luxury effect. 
In general, the results show that the park patch factor has 
a great influence on the diversity of urban parks, and patch 
factors should be considered in the renewal and develop-
ment of parks to promote biodiversity conservation.

Discussion

Urban plant diversity in parks

In recent years, the development of an ecological civiliza-
tion has been elevated to a national strategic level, and 
the development of a “park city” has become an impor-
tant goal for residents for a better life (An et al. 2019). A 
city park usually has a wide variety of species and is the 
most representative and biodiversity-rich area in the city, 
which has direct correlation with urban ecological func-
tion. With the continuous enhancement and improvement 
of people’s awareness and subsequent demand for ecologi-
cal services, a good urban environment with high biodiver-
sity will become the key advantage and competitive aspect 
of sustainable urban development in the future. Besides, 
in the context of the development of a national forest city, 

Fig. 6   RDA analysis and variation partitioning of internal patch fac-
tors and external factors for species diversity changes in urban parks. 
(G300, B300 and R300 represent the proportions of green space, 
buildings, and roads, respectively, in the 300-m buffer zone around 
the park)

Fig. 7   Heatmaps of the correla-
tion coefficients between plant 
diversity of urban parks and 
their drivers
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the concept has also gradually changed from afforesta-
tion/reforestation to the development of urban parks with 
great biodiversity and high ecological functions (Ren et al. 
2021). Therefore, the study of plant species diversity in 
urban parks is of great significance for protecting biodiver-
sity, improving ecological quality, and maintaining urban 
sustainable ecological development.

Effects of patch characteristics on species diversity 
in parks

According to the species-area relationship, diversity 
increases with patch area (He and Legendre 1996), and habi-
tat size is one of the main factors affecting species survival. 
In the urban ecosystem, a park, as an independent landscape 
unit, has unique patch properties and can be regarded as 
a “green island” (Ren et al. 2013) with a fixed area and 
shape, and provides an excellent location for studying the 
relationship between urban biodiversity and patch charac-
teristics. Our results show that the plant diversity index in 
large parks was significantly higher (P < 0.05) than that in 
small parks, which supports the observation that area deter-
mines the number of habitats and plant species (Carpintero 
et al. 2014; Sing et al. 2016; Chaiyarat et al. 2019; Liu et al. 
2019). To some extent, the larger the park area, the higher 
the plant species richness, the more plants tend to be tall 
shade trees, and the higher the diversity and heterogeneity 
of internal habitats are, so the park has a greater chance to 
maintain and protect biodiversity and have a higher con-
servation value (Bräuniger et al. 2010; Peng et al. 2020). 
Research has defined minimum patch size as the area of the 
smallest patch that allows native plants to survive, and in 
many ecosystems, the smallest patch controls the entire eco-
system. Therefore, determining the minimum park area has 
an important role in maintaining biodiversity (Figueroa et al. 
2018). This research shows that when the area of the park 
reaches 30 ha, the diversity level of the park peaks. In addi-
tion, it also found that the richness index of parks located 
on the periphery of the city showed an upward trend, which 
may be due to blending in with the increased natural veg-
etation found in suburbs (compared to city centers) to form 
diverse habitats, thereby increasing the diversity of plant 
species. However, our research also found that the richness 
index of large parks located in the middle of the city showed 
a downward trend, which may be due to their geographical 
location to effectively allocate sufficient diversity of mate-
rial, resulting in unbalanced species allocation. Urban plan-
ners need to strengthen the development of large parks on 
the periphery of cities.

In addition to park size, shape is also an important factor 
affecting biodiversity. Studies of tropical forest biodiversity 
have shown that the species diversity of trees, shrubs and 
vines is mainly affected by patch shape (Yan et al. 2021). In 

Mexico, research has shown a negative correlation between 
species richness and boundary shapes (Nava-Díaz et al. 
2022). Our research also showed that park diversity levels 
tend to decrease as the shape index increases, an indication 
of the complexity of the park. The higher the shape index, 
the more complex the shape of the park. A complex park 
shape reduces the seed dispersal and pollinator services in 
green spaces, making the flow of organisms between patches 
more difficult (Yan et al. 2021). In addition, complex shapes 
can alter biotic and abiotic conditions at park edges, lead-
ing to the loss of sensitive species (Omar et al. 2018). The 
combined effect of these two processes may explain why the 
species richness of saplings/seedlings was negatively associ-
ated with shape index.

In addition, there are certain differences in the species 
diversity of trees in different parks, which is also related to 
the cultural background, economic level, and aesthetic level 
of people in different time periods. A legacy hypothesis sug-
gests that activities by prior land managers persist through-
out urban development and influence current vegetation 
cover and diversity (Pouget et al. 2016). The composition 
and growth of plant species in parks have distinct historical 
and regional characteristics (Talal and Santelmann 2019). 
All these factors indirectly redistribute species within a park, 
thereby affecting diversity levels. Our results found that spe-
cies richness was positively correlated with park age, and the 
earlier the urban park was established, the higher the species 
diversity (Figs. S5a and S5b). It may be that tree species cul-
tivated in the early years of the park were at normal stocking 
levels, and newly planted species in the later years increased 
the number of species (Figueroa et al. 2018). Our results also 
showed that habitat homogeneity of a new park was higher 
than that of an older one, with fewer habitats and less species 
richness. Years of park development and species diversity 
not only had the effect of early configuration, but also the 
involvement of different park managers, resulting in greater 
habitat diversity that could support more plant growth (Chan 
et al. 2018). Our findings agreed with Figueroa et al. (2018) 
that parks created earlier have more stable environments, 
more species, and richer diversity than newly established 
parks. Many of the urban parks in Changchun formed in 
the early years were based on the original green space of 
the area and have specific native species. After long-term 
growth and development, the tree species are stable and in 
abundant. Urban parks created relatively more recently are 
mostly formed by one or several main tree species and the 
variety of tree species is relatively limited. In general, the 
older the park, the higher the level of diversity, which also 
supports the legacy effect (Clarke et al. 2013).
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Effects of exterior characteristics on species diversity

The urban buffer division gradient can also be regarded 
as a habitat loss gradient (McKinney et al. 2002). In this 
gradient, parks, and other green spaces have the charac-
teristics of isolated green islands in urban environments. 
When the urban matrix cannot penetrate and diffuse, an 
isolation effect occurs (Garden et al. 2010). Landscape or 
habitat fragmentation is the result of a gradual reduction in 
the natural environmental surface as well as its progressive 
isolation (Ziv and Davidowitz 2019). This process is one 
of the main threats to biodiversity (Hanski 2015; Fletcher 
et  al. 2018; Ntshanga et  al. 2021). This study showed 
that, on a small scale, the plant diversity level of a park is 
less affected by the landscape surrounding the park, i.e., 
roads, buildings and green space within the buffer zone 
have weaker correlations with species richness, and Mar-
galet, Shannon and Simpson indices. The reason is that in 
the urban environment, the park belongs to an artificial 
ecosystem; the internal plants have the attributes of urban 
plants and their spatial arrangement is influenced by plan-
ners. However, roads and buildings in the buffer zone, as 
a corridor in the landscape, increase the fragmentation of 
the landscape (Koren and Butler 2006; Peng et al. 2022). 
This can threaten the environment within the park itself, as 
the connections of matter circulation and energy flow are 
broken. This observation is not significant in our research, 
but it can provide suggestions. For example, in many cases 
in the immediate zone bordering a park, buffer zones are 
created to maintain ecological processes and the stabil-
ity of ecosystems to preserve biodiversity (Kubacka et al. 
2022).

Moreover, socioeconomic differences may also influ-
ence urban biodiversity and the luxury effect may be domi-
nant at the biodiversity level. The relationship between 
wealth and plant diversity is termed the “luxury effect” 
(Hope et al. 2003), whereby as human economic condi-
tions improve, urban landscapes with higher plant diver-
sity are occupied. Overall, our research shows that the 
closer a house is to the city center, the higher the house 
price, and the more significant the luxury effect (Figs. S5c 
and S5d). High-priced housing reflects the social status 
and quality of life of residents in wealthier areas. People 
in the high-income class generally have higher demands on 
the environment around them; they require a higher level 
of biodiversity to meet their requirements. At the same 
time, higher species diversity requires more resources and 
space to be maintained. The mutual promotion of resi-
dents’ wealth and biodiversity shows the linear relation-
ship: the level of biodiversity increases with the increase 
in housing prices, supporting the luxury effect (Huang 
et al. 2019).

From this study on an urban scale, species diversity indi-
ces of a park are affected by internal natural factors but are 
not strongly correlated with external factors of human activi-
ties. However, with increasing urbanization, the influence 
of humans on the structural characteristics and biodiversity 
of park forests may gradually become stronger. Further 
research needs to integrate the five driving factors of nature, 
society, politics, technology, and culture to conduct compre-
hensive explorations from multiple perspectives.

Management implications

It is of considerable management significance for urban 
planners to study the driving factors of urban species diver-
sity. This suggests that the biological attributes may be opti-
mized by changing the characteristics of the park and its 
surroundings.

Because of the contradiction between social development 
and biodiversity conservation, large areas of land cannot be 
protected as biodiversity habitats. It is necessary to explore 
the landscape pattern that can maintain high biodiversity 
and optimize the land area. This has important implications 
for protecting biodiversity. Our research shows that park 
area is positively correlated with species diversity, and after 
a certain area threshold has been reached (30 ha), species 
diversity shows a slow growth. The shape index of a park is 
also an important factor affecting biodiversity. The edges of 
natural landscapes, such as parks near suburban areas, many 
natural edges and community intersections, are often irregu-
lar and have relatively rich biodiversity, while man-made 
barriers such as roads often reduce biodiversity. Therefore, 
during the development of a park, urban planners should 
set up a green buffer zone to avoid negative effects of build-
ing roads and other isolated edges. This study highlighted 
that the luxury effect around an urban park may also be an 
important factor affecting biodiversity. The diversity of tree 
species in parks in areas with low housing prices is low, 
increasing the park’s inability to protect the stability of the 
ecosystem. Our findings suggest that cities should increase 
human and financial investment in the green management of 
low-income parks to improve biodiversity levels.

The limitation of this study is that Changchun is a single 
city in the cold temperate zone of China, and the universal-
ity of the conclusions to other cities needs to be verified. 
After this, research should be carried out in cities of other 
climate zones.

Conclusion

From the field surveys and remote sensing satellite images 
of Changchun city, we identified the relationship between 
urban park patch characteristics and external landscape 



1030	 Z. Ma et al.

1 3

characteristics and species diversity index. The following 
conclusions can be made:

Variation in woody plant diversity was largely explained 
by internal patch characteristics (size, ages, shape), which 
accounted for 27.9% of diversity, and external factors sur-
rounding the park (e.g., land use type and socioeconomic 
levels) accounted for 16.0%.
Larger urban parks areas have a rich level of plant diver-
sity. The threshold level for significantly affecting plant 
diversity is approximately 30 ha. Plant diversity had a 
linear, positive trend with park age and house prices 
around the park supporting legacy and luxury effects. It 
had a nonlinear decreasing trend with the increasing park 
shape, suggesting that plant diversity could be increased 
by optimizing the urban park shape.
Our findings indicate that city managers should increase 
human and financial investment in the green infrastruc-
ture of parks and set up a green buffer zone to improve 
biodiversity levels.

Our study highlights the importance of urban parks as 
fundamental areas for biodiversity conservation. The results 
may help researchers overcome the randomness of park allo-
cation and to conduct in-depth exploration the perspective 
of enriching urban plants and protecting urban biodiversity.
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