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Abstract: Against the background of global climate change and urbanization, the biodiversity of birds
is facing unprecedented threats. In this paper, taking the Nanjing megapolis as an example, based
on the distribution sites of 79 bird species and 17 environmental variables, the MaxEnt model was
used to simulate the distribution of bird diversity, and the most important environmental variables
were analyzed. The results show that (1) the MaxEnt model is suitable for simulation of the potential
distribution of bird diversity in the Nanjing megapolis; (2) the areas with the highest bird diversity
in the Nanjing megapolis were mainly distributed in the mountains and hills where the forests
are located; (3) the five most important environmental variables affecting bird distribution were
ranked as maximum temperature of the warmest month (MTWM) > Digital Elevation Model (DEM) >
precipitation of the wettest month (PWM) > distance to the nearest forest (DF) > Fractional Vegetation
Cover index (FVC), with MTWM, PWM, and DF being negatively correlated with bird diversity,
whereas FVC and DEM exhibited positive correlations with bird diversity; and (4) the contribution
rates of the three types of environmental variables were ranked as follows: habitat environmental
variables > meteorological environmental variables > disturbance environmental variables. Sufficient
bird habitats should be maintained in cities, and disturbances from human activities should be
reduced to achieve the harmonious coexistence of humans and animals in the context of climate
change and urbanization, thereby promoting sustainable development.

Keywords: MaxEnt model; environmental variables; bird diversity; megapolis

1. Introduction

In the context of global climate change, the degradation of species habitats is becoming
increasingly serious, which poses an unprecedented threat to global biodiversity [1,2].
Simultaneously, habitat reduction and species homogeneity [3] caused by urbanization
present further challenges to biodiversity [4,5]. Cities are areas where humans and other
biological communities coexist [6] and have great potential for biodiversity conservation [7].
With the rapid development of cities in East Asia [8], it is urgent to take measures to reduce
the negative impacts of urbanization on biodiversity [9]. Specifically, birds are an important
part of biodiversity; because of their wide distribution, large number, ease of observation,
and high sensitivity to the environment, they are often used as a means of monitoring
environmental change and as an indicator of species biodiversity [10–12]. Therefore, under
the background of global climate change and urbanization, urban bird diversity has become
a hot topic in studies on urban ecology and sustainable development [13].
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Global climate change has different degrees of negative impacts on bird diversity,
including different bird species [14,15] in different regions [16–18]. The impact of urban-
ization on bird diversity exists in certain stages. In the early stage of urbanization, urban
expansion was the main cause, which directly led to fragmentation or even loss of habitat
and a significant decline in bird diversity [19,20]. In the later stage of urbanization, stock
development was the focus. Cities can provide more diversified food resources and habi-
tats for birds, enabling some birds to live better in urban environments and increasing
urban-adaptable species [21]. For example, the newly built small wetlands in the central
urban area will increase bird diversity in some areas [22], with bird diversity in the urban
center being higher in winter [23]. In recent years, the urbanization process in East Asia
has been accelerating [24], which may result in greater uncertainties in urban bird diversity.
Therefore, against the background of rapid urbanization, it is important to clarify the
spatial distribution of bird diversity and its response relationship with the environment
and maintain a high level of bird diversity [25]. In Nanjing, a megapolis in East Asia,
global climate change has caused the loss of bird habitats and changes in habitat quality,
leading to a decline in its bird diversity [26]. Additionally, urbanization has changed the
habitats of local birds, and their distribution is more concentrated in urban parks and green
spaces [27,28].

For the spatial distribution of bird diversity, ecological niche models (ENMs) were
generally used; that is, the species distribution sites and their associated environmental
variables were used to estimate the ecological needs of species, thus simulating the distri-
bution of species. ENMs encompass a variety of models, such as the Bioclim model, which
determines species’ ecological niches by analyzing the statistical distribution of bioclimatic
variables and predicts potential distribution ranges of species globally or regionally [29],
and GARP, which uses a combination of rules based on genetic algorithms for local envi-
ronmental spatial modeling [30]. Among these, the Maximum Entropy (MaxEnt) model
stands out for its ability to produce highly accurate predictions even with small sample
sizes of species data [31,32], and it has been adopted by many researchers worldwide [33].
Scholars have successfully applied it to bird distribution studies [34,35]. However, MaxEnt
is mainly used for the study of large-scale [26,36,37] or national nature reserves [38], and
it lacks studies on the distribution of bird diversity and the importance of environmental
variables at the urban scale.

Therefore, this paper targets the Nanjing megapolis for a case analysis, utilizing
the MaxEnt model to make a refined prediction of the bird diversity distribution and
investigate the associated environmental variables. We aim to bridge the gap in research on
bird diversity distribution at the urban scale. Specifically, it is intended to offer a theoretical
basis for the construction and planning of megapolises based on analyses of the potential
distribution of birds and environmental variables. This paper anticipates contributing to
the harmonious coexistence of humans and birds within the context of future global climate
change and urbanization processes.

2. Materials and Methods
2.1. Study Area

The study area considered in this paper is the Nanjing megapolis (118◦27′ E, 31◦48′ N–
119◦4′ E, 32◦17′ N, Figure 1), which has an area of 1127.78 km2. The terrain of this area
is relatively flat and mainly composed of low mountains, hills, and plains, and it has a
subtropical monsoon climate with four distinct seasons. The main vegetation is evergreen
and deciduous broad-leaved forest, which is suitable for supporting a variety of bird
habitats. Simultaneously, this area is a megapolis in the Yangtze Delta urban agglomeration
with a developed economy, a large population [39], and an urbanization rate of more than
86% [40]. The unique coexistence of high bird diversity and a high urban rate in this area
provides an ideal research area for exploring solutions to the harmonious coexistence of
birds and humans.
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Figure 1. Geographical location map of the study area.

2.2. Environment Variables
2.2.1. Data Sources

The bird distribution data were obtained from the China Bird Watching Records Center
website (http://www.birdreport.cn/, (accessed on 15 September 2023)), and all the birding
records uploaded by volunteers in the study area from 2017 to 2021 were selected. To ensure
model accuracy and to eliminate model bias caused by spatial autocorrelation, this paper
only selected birds with more than 10 occurrences as research objects; only 1 distribution
site record for each species was retained in each grid, and a total of 4391 bird-watching
records with clear latitudinal and longitudinal information were ultimately chosen.

The meteorological data were obtained from the 1 km resolution monthly mean
temperature, maximum temperature, minimum temperature, and precipitation dataset
(1901–2022) of the Institute of Tibetan Plateau Research [41,42]. Based on the monthly mean,
maximum, and minimum temperatures, as well as precipitation data from the Nanjing
urban area spanning 1991 to 2020, various climate indices were calculated; the vegetation
coverage index was obtained from the MODIS data product (MOD13Q1), and the average
value of the Eco-environment Vulnerability Index (EVI) for the Nanjing megapolis in 2020
was extracted with a spatial resolution of 250 m; the night light index was from 2020. The
night-light remote sensing image of the NPP-VIIRS (Visible Infrared Imaging Radiometer)
was taken in 2014 with a spatial resolution of approximately 500 m; the altitude of the
Nanjing megapolis was obtained from the STRM (Shuttle Radar Topography Mission)
elevation data, which were compiled by NASA and the National Imagery and Mapping
Agency (NIMA). The spatial resolution of the data was 90 m, and the topographic relief
was calculated based on altitude data. The population density data were obtained from
WorldPop population data (www.worldpop.org, (accessed on 29 September 2023)) with a
resolution of 100 m. The density was obtained from the 2020 Baidu map road data, and
ArcGIS 10.2 software was used to calculate the road density. The water and forest data were
obtained from the 30 m global land-cover data GlobeLand30 2020. These data are global
land-cover data developed in China, and they have a 30 m spatial resolution. The water
and forest data in the Nanjing megapolis were extracted, and the distances to the waters
and forests were calculated using ArcGIS 10.2 software. The above data were uniformly
resampled to a resolution of 100 m.

http://www.birdreport.cn/
www.worldpop.org
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2.2.2. Environment Variable Selection

Based on previous studies [43,44], combined with the environmental characteristics of
bird habitats and considering the three aspects of meteorology, habitat, and disturbance,
we selected 17 environmental variables that affect bird distribution to construct our model
(Table 1). Because of certain correlations among some environmental variables, overfitting
of the model analysis results may occur. Therefore, this paper conducted screening and
correlation analysis on environmental variables [45]. First, all environmental variables were
preliminarily simulated in the model to obtain the contribution rate of each environmental
variable to the model, and the environmental variables with a cumulative contribution
rate of more than 95% were selected. Then, we analyzed the correlation of environmental
variables [46] and found that if the absolute value of the correlation coefficient between two
environmental variables was greater than 0.8, only the variable with a larger contribution
rate in the initial simulation was retained [47]. Finally, 11 of 17 environmental variables
were selected as inputs for model simulations (Table 1, Figure 2).

Table 1. Environmental variables selected in this paper.

Environmental Variables Abbreviation Source of Original Data Included in Model

Meteorological
environmental variables

Annual mean temperature (◦C) AMT Institute of Tibetan Plateau Research No
Temperature seasonality (◦C) TS Institute of Tibetan Plateau Research No

Maximum temperature of the warmest
month (◦C) MTWM Institute of Tibetan Plateau Research Yes

Minimum temperature of the coldest
month (◦C) MTCM Institute of Tibetan Plateau Research No

Temperature annual range (◦C) TAR Institute of Tibetan Plateau Research Yes
Annual precipitation (mm) AP Institute of Tibetan Plateau Research Yes

Precipitation of the wettest month (mm) PWM Institute of Tibetan Plateau Research Yes
Precipitation of the driest month (mm) PDM Institute of Tibetan Plateau Research No

Precipitation seasonality (mm) PS Institute of Tibetan Plateau Research No
Habitat

environmental variables
Distance to the nearest forest (m) DF GlobeLand30 2020 Yes

Distance to the nearest surface water (m) DW GlobeLand30 2020 Yes
Fractional Vegetation Cover index FVC MODIS EVI data Yes

Digital Elevation Model (m) DEM STRM DEM Yes
Topographic relief TR STRM DEM No

Interference
environmental variables

Night light index NLI NPP-VIIRS night light index Yes
Road network density (m/hm2) RND Baidu map road data Yes

Population density (/hm2) PD WorldPop Population Data Yes

2.3. Model Building

The Maximum Entropy principle was first proposed by Jaynes [48], and the formula is
expressed as follows:

S(P|P0) = −∑
i

Piln
Pi
P0i

(1)

where S represents entropy and P0 is the prior distribution under known conditions P.
Pi refers to the occurrence probability of i. The MaxEnt model is a machine learning
model developed by Phillips et al. based on this principle and can simulate the potential
distribution of target species in the study area based on the actual species distribution sites
and the environmental variables in the species distribution area [49]. It has high precision
and requires a small number of samples [31,32], so it is suitable for the present study, which
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focuses on small scale and high resolution, and it is used to hypothesize the potential
distribution of each bird species in cities.
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Seventy-five percent of the data were selected as training data, and the remaining
twenty-five percent were used as the test set for model validation. The maximum number
of iterations of the model run was set to 5000. The model was run repeatedly 10 times. The
logistic mode was selected as the result output type, and the rest of the default parameters
were used [49].

2.4. Model Evaluation

The reliability of the prediction results was evaluated by using the area under the
curve (AUC) of the receiver operating characteristic (ROC) [49–52]. The evaluation criteria
are described as follows: poor (0.6–0.7), fair (0.7–0.8), good (0.8–0.9), and excellent (0.9–
1.0) [53–55]. In this paper, the AUC values of all the birds were between 0.795 and 0.974,
indicating that there are certain differences between different species. The average AUC
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was 0.86, indicating that each model had good prediction accuracy and could be used for
the prediction of the spatial distribution of bird diversity.

In this paper, the contribution degree and permutation importance index in the MaxEnt
model were used to comprehensively evaluate the importance of environmental variables.
The contribution degree focused on quantifying the specific impact of each environmental
variable on the model prediction results and determined the features in the model that
are the key factors dominating the prediction results, while the permutation importance
determined the environmental variables that were critical to maintaining the model’s
performance [56].

According to the equal training sensitivity and specificity logistic threshold of each
bird in the MaxEnt model [57,58], the prediction results of each bird model were converted
from the logistic distribution probability values to binomial values of 0–1. That is, if the
distribution probability of a certain bird species in a certain grid was greater than the
threshold, there was a distribution in this grid (1); otherwise, there was no distribution (0).
The raster calculator tool in ArcGIS was used to perform overlay analysis on the binarized
distribution predictions of each bird to obtain the spatial distribution map of bird diversity.

3. Results
3.1. Bird Species Composition in the Nanjing Urban Area

In this study, a total of 79 bird species at 277 distribution sites were selected. From
a taxonomic perspective, these birds are part of 12 orders, 33 families, and 62 genera.
Passeriformes accounted for the largest number of species, accounting for 55.70% of all
species (Table 2). In terms of migration patterns, there were 63 species of migratory birds
(79.7%) and 16 species of resident birds (20.3%) [59].

Table 2. Bird orders, number of families, genera, and species, and percentage of total number of
species in the study area.

Order Number of
Families

Number of
Genera

Number of
Species

Percentage of Total
Number of Species

Accipitriformes 1 5 9 11.39%
Anseriformes 1 2 2 2.53%

Columbiformes 2 2 2 2.53%
Coraciiformes 1 3 3 3.80%
Cuculiformes 1 3 4 5.06%
Galliformes 1 1 1 1.27%
Gruiformes 1 2 2 2.53%

Passeriformes 20 33 44 55.70%
Pelecaniformes 2 4 4 5.06%

Piciformes 1 3 4 5.06%
Podicipediformes 1 1 1 1.27%

Strigiformes 1 3 3 3.80%

3.2. Spatial Distribution of Bird Diversity

The bird diversity spatial distribution in the Nanjing urban area showed significant het-
erogeneity. The areas with the maximum value of bird diversity were mainly concentrated
in the mountains and hills in the urban area and its vicinity (e.g., Zhongshan Mountain and
its northern part, Laoshan Mountain and its surrounding areas, and Fangshan Mountain
and its northeastern part). The area with the second-most bird diversity was composed of
four parts. The first part was located in the extension of the area with the highest value;
the second part was concentrated in a smaller, mountainous area and its surroundings
(such as Jiangjun Mountain, Niushou Mountain, and Qixia Mountain); the third part was
in the parks inside the study area (such as Bailuzhou Park, Gulin Park, and Qingliangshan
Park); and the last part was along the coast of large areas of water, on the islands in the
center of the lake or the islands in the center of the river (such as the wetlands along the
Yangtze River and Xuanwu Lake). From the perspective of land use, the areas with high
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bird diversity were mainly distributed in forests and wetlands, while there were fewer
artificial surfaces and cultivated land. For example, the north bank of the Yangtze River was
mainly populated by residential buildings, and bird diversity was lower than that on the
south bank, which has more natural tidal flats. From the perspective of bird classification,
the overall distribution area of migratory birds and resident birds was generally the same,
with the difference being that the distribution of resident birds was more concentrated
in large areas of mountains and hills and around large areas of water bodies. From the
perspective of administrative area, Xuanwu District had the highest bird diversity, Yuhuatai
District and Qinhuai District had the least, and Pukou District and Jiangning District had
an uneven distribution of bird diversity, with a high concentration around the mountains.
In general, birds were mainly distributed in forests and surrounding habitats (Figure 3).
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3.3. The Importance of Environmental Variables
3.3.1. Permutation Importance of Environmental Variables

The permutation importance ranking for the five key environmental variables for all
birds is as follows: MTWM (24.68%), PWM (8.60%), DEM (7.56%), DF (6.75%), and DW
(6.13%). For migratory birds, the leading variables are MTWM (25.01%), DEM (7.55%),
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PWM (7.42%), DF (7.13%), and FVC (5.98%). In contrast, for resident birds, the top contrib-
utors are MTWM (21.21%), PWM (10.08%), RND (7.13%), DEM (7.03%), and AP (6.61%).
These environmental variables are critical to maintaining model performance (Figure 4).
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To determine the environmental variables that are important for maintaining the
model’s performance, the number of times each variable was ranked among the top three
in permutation importance for each species was tallied. The number of times that MTWM
(67 times) was ranked as one of the top three in permutation importance for each species
was far higher than the number of times for other environmental variables. Compared
with migratory birds, the PWM and AP of resident birds had a greater impact on the
model. In general, MTWM (67 times), PWM (32 times), DF (26 times), DEM (25 times), DW
(19 times), and FVC (15 times) were ranked among the top three in permutation importance
for various species at least 15 times, indicating their significant role in the accuracy of the
model (Figure 5).

3.3.2. Contribution Rate of Environmental Variables

The contribution rate analysis revealed a generally normal distribution for all environ-
mental variables. However, there were more outliers above the upper quartile, reflecting the
differences in the habits of different birds and the significant differences in environmental
factors among the different birds. The top five contributors to the median contribution
rate for all birds were MTWM (18.86%), DEM (15.25%), FVC (7.83%), DF (7.75%), and
PWM (7.30%). The contributors for migratory birds were MTWM (17.81%), DEM (15.25%),
FVC (8.75%), DF (7.59%), and DW (7.03%), while the contributors for resident birds were
MTWM (23.78%), DEM (15.27%), PWM (9.48%), PD (8.16%), and RND (7.44%). Compared
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with migratory birds, the contribution of the disturbance environmental variables to the
resident birds was greater (Figure 6).
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For all species, the proportion of species with MWTM (58 times) and DEM (50 times)
as the top three contribution rates was higher than that of other environmental variables.
For all bird species, MTWM (58 times), DEM (50 times), FVC (28 times), DF (20 times), and
PWM (19 times) appeared more among the top three contribution rates and were more
important for bird diversity distribution. FVC was more important to migratory birds, and
PWM was more important to resident birds (Figure 7).

3.4. Effects of Environmental Variables

Based on permutation importance and contribution rate, the most important envi-
ronmental variables that affected the distribution of bird diversity were MTWM, DEM,
FVC, DF, and PWM. Through correlation analysis [46], we further studied their positive
and negative contributions to bird diversity to elaborate on the influences of the first five
environmental variables.

MTWM, PWM, and DF were negatively correlated with bird diversity, indicating
that the temperature of the warmest month was lower, the precipitation of the warmest
month was lower, and the areas close to forests had higher bird diversity. FVC and DEM
were positively correlated with bird diversity, indicating that bird diversity is high in
areas with high vegetation coverage and high altitude. Among them, the correlation
coefficient between MTWM and bird diversity had the largest absolute value (Table 3). The
environmental variables all passed the significance test at the 0.01 level [60]. The negative
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effects of MTWM, PWM, and DF on bird diversity and the positive effects of FVC and DEM
on bird diversity are credible and consistent with the current study [61–63].
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Table 3. Major environmental variables affecting bird diversity and their positive and negative contributions.

Environmental Variables Correlation Coefficient (p < 0.01)

MTWM −0.59
PWM −0.04

DF −0.30
FVC 0.42
DEM 0.46

Based on the analysis of positive and negative contributions, we further analyzed the
causes and relationships of the five most important environmental variables. According
to the previous analysis, bird diversity was higher in places close to forests and with high
vegetation coverage (Figure 3). In contrast, the Nanjing urban area had a relatively large
area of forest-covered mountains and hills, i.e., areas with higher DEM values had low DF
values (low values represent areas close to forests) and high FVC values, making DEM a
more important environmental variable (Figure 2e,g,h). Among these five environmental
variables, MTWM had the largest impact on bird diversity. The temperature of the warmest
month near forests was lower, while the high-value areas of bird diversity were also
distributed in large areas of mountains and hills, showing a clear negative correlation
between the two. PWM also has a great impact on the model, which is consistent with
the results of Yuan et al. [64]. The loss of heat from the body after their feathers become
wet would be accelerated [65]. During the months with the most precipitation, birds may



Sustainability 2024, 16, 2139 11 of 16

tend to reduce their activity range and focus on forests that provide more shelter from rain.
Therefore, the five most important environmental variables reflected the importance of
habitat on the distribution of bird diversity to varying degrees (Figure 8).
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In order to understand the impact of three different types of environmental variables
on birds, this paper conducts statistics on meteorological environmental variables, habitat
environmental variables, and interference environmental variables. For all bird species,
meteorological variables accounted for 37.97% of the total environmental factors, habitat
variables for 45.05%, and disturbance variables for 17.83%. Therefore, for the impact on
birds in the Nanjing urban area, habitat environment variables > meteorological environ-
ment variables > interference environment variables (Figure 9), which is consistent with
the study of Liu et al. [66].
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4. Discussion

In order to provide a more effective basis for bird protection in megacities, this paper
further explores the impact mechanisms of three types of environmental variables on
the distribution of birds in the Nanjing megapolis. In the urban area of Nanjing, habitat
environmental variables have the greatest impact on bird distribution (Figure 9). This
substantial impact likely stems from the strong dependency of bird communities on food
sources and habitats within the environment, reflecting the intimate connection between
habitats and urban avian populations [67]. Urban forests provide ideal shelters, nesting
sites, and foraging environments for birds and thus are important habitats for birds [68,69].
Although meteorological environment variables are related to bird diversity, the study
area is concentrated in built-up areas with relatively small scale, and the differences in
meteorological environment variables within the region are relatively small; therefore, its
impact on the distribution of birds is second only to the habitat environmental variables.
The contribution of disturbance environmental variables to bird distribution, although
relatively minor, is primarily attributed to the direct effects of human activities. Based on
the contribution analysis of the three types of environmental variables, the forest habitats
of birds should be protected, and disturbances from human activities affecting birds should
be reduced.

The scientific novelty of this paper primarily lies in the application of the MaxEnt
model to a relatively small area of a megapolis, as opposed to broader regions such as states,
countries, or even transnational areas [36,70,71]. The challenges of small-scale research
are twofold: first, the smaller study area yields fewer bird observation data; second, the
internal environmental variables, especially meteorological ones, exhibit less heterogeneity,
demanding higher data resolution. The chosen study area provided over 4000 valid data
points. Coupled with the high precision of the MaxEnt model and its ability to operate with
minimal samples, the first challenge was effectively overcome. For the second challenge, the
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high resolution of meteorological data ensured the accuracy of the research findings [41,42].
Furthermore, there have been a few studies that focused on city areas (including rural
zones) and successfully applied the MaxEnt model to analyze the potential distribution
of birds. For instance, Wang et al. examined the distribution of 10 flagship bird species in
Lishui city [72], and Chen et al. studied the distribution of 6 representative bird species
in Wuhan city [73]. These studies further substantiate the applicability of MaxEnt to
small-scale studies.

This paper offers direct practical value for government departments responsible
for wildlife conservation and urban planning in terms of planning and management
decisions. The predicted potential distribution areas for birds can be compared with existing
nature reserves to identify gaps in bird conservation [58], which assists in determining
conservation priorities and devising strategies for precise protection of avian species. These
predictions can also be applied to the planning and rational assessment of the Nanjing
Habitat Networks [40], aiming to foster a harmonious coexistence between humans and
birds in the megapolis. The analysis of the contribution of environmental variables to bird
distribution underscores the extreme importance of habitat conditions in megacities for
avian populations. These findings not only provide a basis for government authorities
to prioritize the protection of urban bird habitats but can also be used to raise public
awareness and involvement in the conservation of urban bird diversity [73]. However, like
many similar studies, this paper shares common limitations regarding urban management
and conservation actions, notably that the bird data are sourced from volunteer uploads
and records for certain bird species are sparse, potentially leading to errors in the model
results [74]. In the future, it is essential to assess the viability of this research in additional
megapolises that are severely challenged by both climate change and urbanization.

5. Conclusions

In this paper, to explore the harmonious symbiosis between humans and birds consid-
ering the background of global climate change and urbanization, the MaxEnt model was
applied to simulate the megapolis-scale bird distribution, revealing the spatial distribution
of bird diversity and identifying its most significant environmental variables in the Nanjing
urban area from 2017 to 2021. The main conclusions regarding the important environmental
variables are described as follows:

(1) Based on the distribution site data of 17 environmental variables and 79 bird species,
the MaxEnt model was used to simulate the potential distribution of various birds in
the Nanjing urban area. The validation result (AUC = 0.86) was very good and can be
used to simulate the latent distribution of bird diversity in the Nanjing urban area.

(2) The areas with the highest bird diversity are mainly concentrated in the mountains
and hills and near the Nanjing urban area (such as Zhongshan and its northern part,
Laoshan and its surrounding areas, Fangshan and its northeastern part, etc.), and
resident birds are more distributed in high-diversity areas than migratory birds.

(3) Based on the permutation importance and contribution rate, the five most important
environmental variables for bird diversity distribution were ranked as MTWM > DEM
> PWM > DF > FVC. MTWM, PWM, and DF were negatively correlated with bird
diversity, while FVC and DEM were positively correlated with bird diversity. The
disturbance of environmental variables had a greater impact on the distribution of
resident birds than that of migratory birds.

(4) The ranking of the contribution of the three major types of environmental variables
is habitat environmental variables > meteorological environmental variables > dis-
turbance environmental variables. The five most important environmental variables
and three major environmental variables show that the habitat environment is very
important to the diversity of urban birds. During the development of cities, sufficient
habitats for birds should be retained, and disturbances from human activities should
be reduced.
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