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Abstract: The reproduction suitability of urban birds reflects the health status and service level of
urban ecosystems. Therefore, studying the relationship between the nest density of urban birds and
environmental factors has certain reference significance for guiding green space management. In this
study, 67 green spaces of Liupanshui city in the Wumeng Mountain Area were selected as study sites.
Through the statistics of the number of bird’s nests in the plots in 2020, a stepwise regression analysis
was conducted on 10 environment-influencing factors. The results show that the nest density of birds
in urban green space is not significantly correlated with the plot size, noise, light pollution, vegetation
diversity, proportion of paved land, proportion of native plants, or distance from water body, but
is significantly correlated with the canopy coverage of arbor, spatial openness, and distance from
non-artificial environment to plot. The research identified the environmental factors affecting nest
density, and frames a method to compare the density of bird’s nests in urban green space. Based on
this, strategies for the construction and management of green space are put forward, so as to provide
reference for ecological city construction and alleviate the correlation between the expansion of urban
construction land and the deterioration of bird habitats.

Keywords: green space; urban birds; nest density; environmental factors

1. Introduction

Some investigations have shown that the richness and quantity of birds are gradually
decreasing with the acceleration of urbanization [1]. In recent years, with the spread and
expansion of cities and the promotion of urban and rural construction, reinforced concrete
has occupied former forest land, and cultivated land has swallowed a large amount of native
vegetation. Crisscross roads, railways, and rural roads have gradually led to the islanding
and fragmentation of the habitat on which wildlife depends, and its diversity and quantity
have decreased significantly [2]. The common rabbits, wild boars, elk, and pheasants in the
Wumeng Mountain Area in China in the 1980s have now disappeared. Birds, although their
number has decreased a lot, are now the most common wild animals [3]. Some omnivorous
birds have gradually adapt to the semi-artificial environment and choose to live together with
humans in the city and the junctions of urban and rural areas, becoming urban birds. Birds are
one of the most disturbed species in the process of urbanization, as they are extremely sensitive
to habitat and environmental changes [4,5]. In urban and rural planning, construction, and
management, the gradual strengthening of ecological awareness has urged people to start
looking for various methods to coexist harmoniously with birds [6]. Birds have become one of
the most important indicator species in urban ecosystems [7]. Therefore, creating an urban
habitation suitable for the reproduction of birds is bound to become one of the standards to
measure the quality of urban ecological construction.

The habitat suitability for bird breeding refers to the degree to which a specific habitat
provides suitable conditions and resources for bird species to successfully breed and
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reproduce [8]. It assesses the suitability of an environment based on various factors such
as food availability, nesting sites, vegetation structure, water sources, and other habitat
characteristics that directly influence the reproductive success of bird populations. This
study takes the spatial factors of green space that may affect bird breeding as its research
object according to the breeding habits of urban birds, and analyzes the relationship
between the nest density of urban birds and green space spatial elements through field
research, aiming to find out the factors that affect nest density in green space, provide a
basis for the construction and managements of green space, and promote the rationality
of urban land layout, creating a harmonious urban environment for people and birds
to alleviate the correlation between the expansion of urban construction land and the
deterioration of bird habitats

2. Overview of the Region of Study

The Wumeng Mountain Area is located between longitude 103◦10′–103◦30′ E and
latitude 25◦20′–27◦45′ N, with an average elevation of about 2500 m, and it is the largest
karst continuous belt in the world [9]. The climate, geography, and agricultural natural
resources in the Wumeng Mountains differ significantly, with dense forests distributed
in 38 counties of the Sichuan, Guizhou, and Yunnan provinces (Figure 1). The total land
area is 107,000 square kilometers, and the total population is about 23 million people.
Common urban birds in this area mainly include Great Tit (Parus major), Daurian Redstart
(Phoenicurus auroreus), Sparrow (Passer montanus), Willow Warbler (Phylloscopus inornatus),
Japanese White-Eye (Zosterops japonicus), Shrike (Lanius), White Wagtail (Motacilla alba),
Swallow (Hirundo rustica), Crow (Corvus sp.), etc.
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Figure 1. Location Map of Liupanshui City.

Liupanshui is one of the four major cities in the Wumeng Mountain Area, the urban
permanent population is 750,000, and it belongs to the north subtropical plateau mountain
monsoon humid climate area, with an altitude of 1760–1820 m. The intersection of the city
and the mountains forms a typical ecotone of natural environment and artificial environment
due to many peaks and steep mountains which greatly limit the expansion and spread of the
city [10], which provides diversified habitats for urban birds [11]. The study area is about
40 square kilometers, it is a typical ribbon city, and is about 13 km long from east to west and
only 7 km wide from north to south (Figure 2); the green space rate is 33.77%. Due to the large
number of natural mountains on the north and south sides, and the river running through
the middle of the city, rich and diverse green spaces have been formed. It is an ideal place to
study the perfect integration of city and environment, man and nature.
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3. Research Methods

Urban habitat is completely different from natural habitat, with the characteristics of
being multi-boundary, high heterogeneity, island or fragmentation, and frequent human
interference, which has significantly changed the composition, structure, distribution,
reproduction, and nesting mode of Urban Bird Community [12]. The response of bird
breeding changes to urbanization is still unclear [13]. From the current research, it can
be inferred that factors affecting urban bird breeding may include the building density
level [14], building height [15,16], green space size [17], connectivity of green spaces [18],
proportion of native plants [19], vegetation diversity [20], noise [21], light pollution [22],
water body [23], and vertical structure of habitat [24,25].

This study adopts the above 10 factors as independent variables and the density of
bird nests in green spaces as a dependent variable. Combining remote sensing image
interpretation methods (Table 1) with field investigation methods, based on the satellite
imagery map and the current land layout of Liupanshui in 2020, all green land plots have
been taken as samples, that is, the land partially or completely covered by grass, trees,
shrubs, or other vegetation in the city, including urban parks and community gardens [26].
Firstly, the research team translated the above 10 factors that affect bird reproduction into
easily measurable indicators, then conducted field research from 12 March to 12 May 2020,
mainly consisting of the following three steps:

(1) Conduct on-site research and measurement on the spatial factors of the plot;
(2) Divide the research team into four groups to search for bird nests in the green space

and record them;
(3) Select bird nests for which cameras are easy to install for 24 h observation and recording.

Finally, a database was established and the SPSS17.0 software was used to do a
correlation analysis for determining the spatial factors that affect nest density, regression
analysis was conducted to determine the impact intensity of each factor, thus establishing a
nest-density prediction model with these factors and their weightage. The next year (from
1 March to 1 May 2021), we took 10 greenbelts in the north of Xuanwei City as the research
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objects and conducted the research in the same way, and then compared the survey results
with the predicted result of the model to verify the accuracy of the model.

Table 1. Parametric statistics table of the remote sensing imagery.

Title Data Types Spatial
Resolution

Acquisition
Date

Strip
Number Band

Figure 1 Landsat-8 OLI 100 m 5 June 2020 115–131

Blue (0.45–0.51 µm)
Green (0.53–0.59 µm)
Red (0.64–0.67 µm)

Figure 2 Landsat-8 OLI 30 m 23 July 2020 123–125
Figure 3 Landsat-8 OLI 30 m 23 July 2020 124
Figure 4 Landsat-8 OLI 30 m 21 February 2021 123
Figure 5 — — — —
Figure 6 Landsat-8 OLI 30 m 23 July 2020 124

4. Data Collection and Processing
4.1. Data Collection

(1) Basic data collection

The landsat-8 remote sensing image map with an accuracy of 30 m is obtained through
the internet, and the green space is identified and numbered one by one to form 67 research
plots scattered in the central urban area of Liupanshui (Figure 3) and 10 verification plots
scattered in the central urban area of Xuanwei (Figure 4). The images are processed and
put into GIS software for preliminary interpretation.
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Figure 4. Number map of verification sites in Xuanwei City (The numbers in the figure represent the
plot number of green space).

(2) Information identification

The location, area, tree coverage, proportion of paved ground, and distance from the
surrounding forest land and water bodies are identified through the remote sensing image
map as the basic data of the field investigation.

(3) Field survey

According to the steps determined in the research method, the research team use
satellite images to number the green spaces in the study area and calculate the area of
each plot before March 2021, then research participants are organized to enter the plot
to search for bird nests. First, searching for bird nests that are exposed to people’s sight
with the naked eye. Second, tracking the parent birds holding dry grass for nesting or
food for feeding in mouths, through remote observation, the position of the bird’s nest are
discovered when they enter the nest. Then, the location, time, and species of the bird are
recorded. After gathering statistics, the following basic data were formed (Table 2):
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Table 2. Statistical table of nest density survey.

No. Area Nest
Quantity

Nest
Density No. Area Nest

Quantity
Nest

Density No. Area Nest
Quantity

Nest
Density

1 14 24 1.71 24 10.2 12 1.18 46 2.1 1 0.48
2 21.7 22 1.01 25 4.6 1 0.22 47 1.8 1 0.56
3 7.9 19 2.41 26 5.4 0 0 48 4.1 7 1.71
4 7.2 6 0.83 27 11.7 3 0.26 49 1.9 0 0
5 4.6 4 0.87 28 7.3 13 1.78 50 5.2 8 1.54
6 9.5 10 1.05 29 24.1 33 1.37 51 1.6 0 0
7 7.3 1 0.14 30 10.2 17 1.67 52 4.4 0 0
8 6.2 1 0.16 31 4.2 2 0.48 53 3.7 0 0
9 4 0 0 32 3.7 1 0.27 54 3.3 1 0.3

10 13.4 12 0.9 33 4.1 5 1.22 55 4.1 5 1.22
11 4.1 2 0.49 34 5.6 1 0.18 56 4.5 1 0.22
12 6.1 7 1.15 35 42 37 0.88 57 3.2 0 0
13 3.9 0 0 36 14.6 2 0.14 58 9.7 9 0.93
14 4 2 0.5 37 5.8 7 1.21 59 3.1 4 1.29
15 5.3 5 0.94 38 4.6 1 0.22 60 4.6 5 1.09
16 7.9 11 1.39 39 8.1 14 1.73 61 4.5 6 1.33
17 4.6 8 1.74 40 8.4 13 1.55 62 0.6 1 1.6
18 3.2 6 1.88 41 4.9 2 0.41 63 0.8 1 1.25
19 3.1 7 2.26 42 8.3 9 1.08 64 0.6 0 0
20 3.4 6 1.76 43 3.6 6 1.67 65 0.9 0 0
21 3.3 1 0.3 44 3.8 0 0 66 0.8 0 0
22 7.1 2 0.3 45 4.2 3 0.71 67 1.2 1 0.83
23 3.8 4 1.05

4.2. Indicator Conversion

Based on the existing spatial factors used to study green land plots, in order to facilitate
on-site measurement and quantification, the study combined the actual situation of the
region and transformed the relevant indicators as follows:

(1) Building density level and building height

In order to effectively express the impact of the height and density of buildings
surrounding green spaces on the closure and openness of the space, the Spatial Openness
(SO) has been adopted to express the openness of the green space [27], that is, the ratio
of the height of the building to the distance from the building to the center of the plot
multiplied by the ratio of the building length to the site perimeter, and the expression is
r = (H/D) × (L/S). D represents the average distance from the center of the plot to the
surrounding buildings, H represents the average height of the buildings around the plot,
L represents the sum of the lengths of the buildings around the plot, and S represents the
perimeter of the plot. The greater the R value, the less open the space, as shown in Figure 5:
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(2) Green space size

The green space size is expressed by subtracting the water area from the total area of
the Plot Area (PA). Because the space above the water surface and above the water surface
does not have nesting conditions, the water surface area is not included in this study. The
scope of the plot is bound by urban roads or buildings, and is expressed in hectares.

(3) Connectivity of green spaces

In landscape ecology, connectivity is the ratio of the total number of nodes between
patches to the number of possible nodes, which is applicable to the calculation of connec-
tivity for the entire city or region. There is no relevant basis for calculating the connectivity
of a single plot of land. This study takes into account the actual situation of the study area,
which is surrounded by large and continuous non-artificial environments such as moun-
tains and forests; therefore, the study adopts the distance from non-artificial environment
(DFN) to plot as the measurement indicator for the connectivity of green spaces, which
takes the distance between the plot boundary and the boundary of the non-artificial envi-
ronment, and is expressed in meters. The non-artificial environment refers to continuous
farmland, mountains, forests, or wetland with an area of more than one square kilometer.

(4) Proportion of Native Plants (PNP)

Expressed by the proportion of the number of native tree species in the total amount
of plants in the plot, the maximum proportion of native plants is 100%, indicating that the
plot is a naturally formed forest land.

(5) Vegetation diversity

Due to the fact that the majority of the studied plots are artificially planted green
spaces in cities, although there are many plant species in some plots, the number of plants
planted may be small or concentrated in a small area, which does not conform to the
natural distribution pattern and cannot accurately reflect the breeding environment of
birds. Therefore, this study adopts The Shannon Wiener index as a measure of vegetation
diversity that quantifies the diversity or evenness of specifications within a community. It
is calculated based on the foundation or frequency distribution of different specifications
that are present in the community.

The Shannon Wiener index (SW) is quoted to indicate:

H = −
s

∑
i=0

Pi lnPi

where is the number of individuals of all species in the community (within the quadrat),
and Pi is the number of the ith species [28].

Due to the large area of the plot, 30 m × 30 m quadrats with concentrated plants are
randomly selected in each plot for investigation of the vegetation diversity index of the plot.

(6) Noise (Ni)

The effects of roads on wildlife populations are widespread and well documented.
Many studies have shown that bird abundance, occurrence, and species richness are
reduced near roads, with the largest reductions where traffic levels are high. Negative
correlations have been reported between bird richness/abundance and traffic noise, but
the possible causes of road effects are inter-correlated [29]. Therefore, the maximum period
of traffic noise in the city (12:00–13:00 Beijing time) is taken as the measurement time, and
the Norsonic140 Multifunctional Sound Level meter is used to measure the noise value of
the plot at a height of 1.5 m from the ground within 1 m near the Centroid of the plot.

(7) Light Pollution (LP)

Swift(Apus nipalensis) have abnormal response to the artificial illumination range of
5lx–10lx [30]. Therefore, the digital illuminometer CANA-0010 is used to measure all the



Land 2023, 12, 1465 8 of 16

light source boundaries within the plot at 9 p.m., and the boundary point of 51 Lux is
taken as the light source radius to calculate the area of the light source. The area of all light
sources with illuminance greater than 51 Lux is summed up, and its proportion in the total
area of the plot is taken as the light pollution intensity value of the plot.

(8) The vertical structure of habitat

Habitat structure was found to be the main determinant of nesting height of birds in
the urban environment [25]. Due to the location of the study area in a barren alpine region,
the ground cover plants are mainly shrubs, and the canopy of arbors is the main factor
affecting the habitat. In addition, most of the plots are urban public green spaces, which
contain some paved ground for citizens’ activities. Therefore, it is expressed by “canopy
coverage of arbor” (CCA) and “proportion of paved ground” (PPG). CCA takes the ratio of
the projected area of the canopy layer above 3M high to the plot area, and the maximum
canopy coverage of the arbor forest is 100%, indicating that the canopy layer of the arbor
completely covers the plot. PPG takes the proportion of paved ground such as squares,
roads, building bases, and other impermeable surface as the measurement value. The larger
the proportion of paved land, the lower the number and scale of trees in the habitat.

(9) Distance From Water body (DFW)

Distance from water body is expressed by the distance from the nearest river or water
body, that is, the distance from the geometric center of the plot to the nearest river and
water body (area greater than 100 square meters). If the plot itself contains a water body,
the distance is 0 m.

4.3. Data Processing

Based on the 10 relevant indicators proposed in the previous step, the research team
first use satellite images for spatial data interpretation and preliminary organization, and
then conduct three months of on-site measurement. After summarizing and gathering
statistics, the preliminary basic data was obtained (Table 3):

Table 3. Index table for spatial factors of green space.

NO SO DFN CCA PA PPG PNP LP DFW SW Ni NO. SO DFN CCA PA PPG PNP LP DFW SW Ni

1 0.15 23 26 14 32 64 0.11 2700 2.7 26 35 0.67 153 19 42 20 48 0.5 850 2.4 38
2 0.32 75 41 21.7 13 46 0.15 2896 1.9 27 36 0.67 416 16 14.6 46 15 0.92 20 2.4 32
3 0.02 15 92 7.9 8 66 0.8 1789 3.2 29 37 0.29 325 23 5.8 12 54 0.12 2870 2.3 33
4 0.2 270 45 7.2 12 48 0.24 460 1.9 34 38 0.27 458 32 4.6 13 46 0.17 3870 2.2 35
5 0.4 430 48 4.6 37 32 0.22 0 1.7 41 39 0.18 56 78 8.1 17 46 0.5 580 2.5 41
6 0.16 122 36 9.5 26 33 0.9 0 1.78 43 40 0.16 88 52 8.4 12 53 0.8 3230 2.1 20
7 0.35 560 23 7.3 3 76 0.9 430 2.4 34 41 0.66 2850 54 4.9 10 64 0.9 2360 2.8 19
8 0.37 1446 28 6.2 13 64 0.5 430 2.1 32 42 0.66 17 42 8.3 14 61 0.11 0 2.7 11
9 0.38 2060 49 4 15 66 0.6 430 2.3 25 43 0.59 12 58 3.6 14 57 0.12 4260 2.5 22
10 0.35 98 29 13.4 21 56 0.5 430 2 22 44 0.77 26 49 3.8 21 23 0.42 2930 1.3 43
11 0.45 317 38 4.1 14 58 0.22 430 1.8 25 45 0.05 138 39 4.2 23 38 0.53 2220 1.4 40
12 0.14 150 41 6.1 11 54 0.7 430 1.9 35 46 0.22 652 44 2.1 15 37 0.48 2360 1.9 45
13 1.31 250 8 3.9 31 48 0.17 1550 2.5 26 47 0.38 1363 57 1.8 26 25 0.51 3320 1.95 53
14 0.37 820 22 4 12 66 0.21 1540 2.3 19 48 0.71 28 85 4.1 7 64 0.17 250 2.9 37
15 0.34 245 36 5.3 17 53 0.18 430 2.6 26 49 0.39 880 19 1.9 32 23 0.35 3210 2.2 41
16 0.46 117 62 7.9 21 61 0.13 0 2.7 31 50 0.55 12 53 5.2 31 26 0.47 460 1.6 45
17 0.29 62 58 4.6 14 57 0.17 4260 2.5 32 51 0.46 2340 51 1.6 41 16 0.38 30 1.4 54
18 0.37 26 59 3.2 21 63 0.22 2930 2.2 23 52 0.76 2730 48 4.4 32 26 0.34 8 1.2 47
19 0.35 38 59 3.1 23 58 0.23 2410 2.4 20 53 0.13 2600 52 3.7 29 27 0.26 25 1.1 58
20 0.32 52 44 3.4 15 57 0.18 2560 1.9 25 54 0.76 47 55 3.3 33 23 0.32 210 1.3 45
21 0.48 363 17 3.3 16 55 0.11 1670 1.95 33 55 0.59 29 62 4.1 15 54 0.16 1560 1.9 19
22 0.61 180 25 7.1 37 24 0.17 250 2.3 27 56 0.57 478 49 4.5 12 58 0.7 980 2.7 22
23 0.39 180 59 3.8 12 63 0.35 0 2.2 21 57 0.64 2176 51 3.2 29 22 0.43 2140 1.8 35
24 0.45 340 43 10.2 11 46 0.17 460 2.6 25 58 0.43 38 28 9.7 21 61 0.8 2130 2.5 18
25 0.46 740 11 4.6 11 66 0.18 130 2.5 34 59 0.28 28 52 3.1 15 65 0.6 2410 1.6 21
26 0.76 2530 48 5.4 12 26 14 8 2.2 37 60 0.35 10 62 4.6 14 56 19 1950 2.3 20
27 0.43 200 12 11.7 19 67 16 40 2.1 28 61 0.68 13 69 4.5 11 58 5 850 2.4 18
28 0.06 67 55 7.3 13 57 22 210 2.3 35 62 0.67 2416 54 0.6 46 15 32 56 1.5 42
29 0.09 39 62 24.1 15 54 16 0 1.9 29 63 0.09 2325 43 0.8 42 14 31 25 1.3 43
30 0.17 28 49 10.2 12 58 7 560 2.7 32 64 0.81 1458 42 0.6 43 26 27 50 1.7 45
31 0.34 176 21 4.2 9 22 13 4880 1.8 35 65 0.78 2456 48 0.9 37 16 25 10 1.5 51
32 0.43 338 28 3.7 14 61 16 3130 2.5 38 66 0.76 2188 42 0.8 32 23 18 87 1.1 50
33 0.48 28 22 4.1 15 55 21 3410 1.6 41 67 0.36 1850 54 1.2 30 24 21 2360 1.4 39
34 0.55 780 12 5.6 14 56 19 1550 2.3 40
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5. Results

To unify the standards of the above data, the study carried out descriptive statistical
analysis on the PA, PPG, PNP, LP, DFW, SO, DFN, CCA, SW, Ni, and nest density, and it
was found that only the nest density, SW, SO, and NI conform to the normal distribution.
Therefore, the other seven indicators were standardized by logarithmic transformation
to make them conform to normal distribution. Then, the nest density was used as the
dependent variable, and the other 10 factors were used as independent variables for
correlation analysis and regression analysis. The results are as follows.

5.1. Correlation Analysis among Environmental Factors

The Pearson correlation analysis results show that, among all factors, only PA, SW,
and Ni reached significant correlation levels, respectively (Table 4). Therefore, the SW and
Ni are excluded in the correlation analysis between nest density and environmental factors.

Table 4. Results from Pearson correlation analysis.

SO DFN CCA PA PPG PNP LP DFW SW Ni

SO
Pearson correlation 1

Significance (bilateral)

DFN
Pearson correlation 0.180 1

Significance (bilateral) 0.145

CCA
Pearson correlation −0.227 −0.230 1

Significance (bilateral) 0.065 0.061

PA
Pearson correlation −0.147 −0.155 −0.193 1

Significance (bilateral) 0.044 0.000 0.119

PPG
Pearson correlation 0.219 0.179 −0.065 −0.223 1

Significance (bilateral) 0.075 0.147 0.602 0.070

PNP
Pearson correlation −0.175 −0.142 0.075 0.232 −0.234 1

Significance (bilateral) 0.157 0.049 0.548 0.058 0.006

LP
Pearson correlation 0.030 0.078 0.148 −0.188 0.052 −0.025 1

Significance (bilateral) 0.810 0.531 0.004 0.129 0.674 0.840

DFW
Pearson correlation −0.240 −0.077 0.116 −0.068 0.010 −0.022 −0.132 1

Significance (bilateral) 0.062 0.554 0.374 0.603 0.939 0.864 0.310

SW
Pearson correlation −0.045 −0.238 −0.082 0.485 ** −0.193 0.181 −0.035 0.013 1

Significance (bilateral) 0.718 0.005 0.512 0.000 0.001 0.001 0.780 0.921

Ni
Pearson correlation 0.255 * 0.145 −0.019 −0.310 * 0.098 −0.111 0.152 0.186 −0.229 1

Significance (bilateral) 0.037 0.243 0.879 0.011 0.428 0.371 0.220 0.152 0.062

* There was significant correlation at the level of 0.05 (bilateral). ** There was significant correlation at the 0.01 level
(bilateral).

5.2. Correlation Analysis between Nest Density and Environmental Factors

It can be seen from Table 5 that the correlation between nest density and SO, DFN,
and CCA reached a significant level, and the other seven indicators are greater than 0.005,
which means that they did not reach a significant level. Therefore, PA, PPG, PNP, LP, and
DFW have no impact on nest density, only SO, DFN, and CCA have an impact on nest
density and were retained for the subsequent regression analysis.
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Table 5. Results from multiple linear regression analysis.

Model
Unstandardized

Coefficients
Standardized
Coefficients t Sig.

B SE Beta

1

(constant) 1.109 0.944 1.175 0.246
SO −0.638 0.201 −0.220 −3.173 0.003

DFN −0.537 0.066 −0.590 −8.115 0.000
CCA 0.879 0.225 0.289 3.901 0.000
PA −0.096 0.163 −0.048 −0.587 0.560

PPG −0.153 0.218 −0.049 −0.703 0.485
PNP −0.032 0.352 −0.006 −0.092 0.927
LP −0.456 0.225 −0.136 −2.022 0.049

DFW 0.101 0.083 0.081 1.227 0.226

Dependent: nest density.

5.3. Stepwise Regression Analysis Results

In order to calculate the degree of impact of PA, SW, and Ni on nest density, the study
adopted stepwise regression analysis to calculate it, and the results are as follows.

As shown in Table 6, nest density was significantly associated with SO, DFN, and
CCA. The highest VIF value was 1.097, which is less than 5. Therefore,

Nest Density = 1.436 − 0.775(SO) − 0.609(logDFN) + 0.687(logCCA)

From this equation, it can be seen that the density of bird nests in green spaces is
negatively correlated with the spatial openness and distance from non-artificial environ-
ments, while it is positively correlated with the canopy coverage of arbor. That is, the
more open the space and the closer it is to the non-artificial environment, the larger the
canopy coverage of the arbor and the higher the density of birds’ nestd. Among them, the
weightage of spatial openness is the highest, followed by canopy coverage of arbor, and
the distance from non-artificial environments is the smallest.

Table 6. Results from stepwise regression analysis.

Model
Unstandardized

Coefficients
Standardized
Coefficients t Sig.

Collinearity Statistics

B SE Beta Tolerance VIF

constant 1.436 0.391 3.678 0.000
SO −0.775 0.187 −0.272 −4.148 0.000 0.931 1.074

DFN −0.609 0.059 −0.677 −10.315 0.000 0.930 1.075
CCA 0.687 0.200 0.227 3.425 0.001 0.912 1.097

Dependent: nest density.

5.4. Model Validation

The SO, DFN, and CCA values of 10 verification sites in Xuanwei City were, respec-
tively, substituted into the equation to obtain the predicted value of bird’s nest density of
each site. Compared with the actual data (Table 7), the predicted value of nest density has
a small gap from the field survey data. Therefore, the final regression equation can predict
the breeding conditions of birds in mountain cities to a certain extent.
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Table 7. Comparison table of prediction and survey results of nest density for green space in Xuanwei.

Order SO CCA DFN Nest Density
(Prediction)

Nest Density
(Reality)

1 0.05 85 650 1.01 1.2
2 0.85 55 1260 0.08 0
3 0.35 15 1610 0.02 0
4 0.96 51 900 0.07 0
5 0.24 45 12 1.73 1.6
6 0.13 65 6 2.11 2.05
7 0.86 35 880 0.04 0
8 0.84 45 1270 0.03 0
9 0.91 43 890 0.06 0
10 0.16 25 35 1.33 1.25

5.5. The Impact of Mountain and Urban Development Intensity on Nest Density of Bird

During the on-site investigation, the research team found that seemed to be more
prone to discovering bird nests in green spaces close to the mountain. Therefore, the study
divided the research area into three levels based on the distance from the mountain, which
were less than 100 m, between 100 and 1000 m, and greater than 1000 m. The green space
area and bird nests in each level were summarized and added together. Finally, the average
density of bird nests was calculated using the ratio of the number of bird nests to the total
area (Table 8). The results show that the average density of bird nests was indeed the
highest within the 100 m range closest to the mountain (0.73), while the lowest was in the
area over 1000 m away from the three bodies (0.28). At the same time, the study overlaid
the location map of green spaces with the land development intensity map of Liupanshui
(Figure 6), and found that most of the plots closer to the mountain are in areas with lower
land development intensity, indicating that the suburbs of cities with lower development
intensity are more suitable for bird breeding.
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Table 8. Statistical table of average density of bird nests in different areas with different distances
from mountains.

Level Plot Numbers Total Area Total Nest
Quantity

Density
(Nest Quantity/Area)

<100 1, 3, 5, 10, 13, 15, 17, 18, 19, 20,
23, 28, 30, 33, 36, 38, 45 112.6 82 0.73

100–1000 2, 4, 6, 7, 9, 11, 12, 16, 21, 22,
24, 25, 31, 34, 37, 40, 48 130.2 57 0.44

>1000 26, 39, 46, 47, 51, 53, 62, 63, 64,
65, 66, 67 38.9 11 0.28

6. Discussion
6.1. Discussion

Findings show that green space size (PA), proportion of native plants (PNP), propor-
tion of paved ground (PPG), vegetation diversity (SW), noise density (Ni), light pollution
(LP), and distance from water body (DFW) are significant factors which affect bird rich-
ness [31–36]. Generally, the nest density of urban birds should also be influenced by these
factors, but the results of this study show that these factors are not significantly related to
the nest density of urban birds. Based on the analysis of the on-site investigation results,
the possible reasons are as follows:

(1) As for the space openness (SO), canopy coverage of arbor (CCA), and distance from
non-artificial environment (DFN): In 2015, the research results by Claudia and Christian
suggested a loss of species richness and functional diversity, with an increasing sealed
area of the surrounding urban landscape matrix [37], and this is consistent with the impact
of spatial openness (SO) on bird nest density adopted in this study. Huang’s research
results, in 2014, indicated that the height and heterogeneity of tree crowns supplement the
habitat of birds and increase bird species’ richness [38]. This is also a strong support for
the positive correlation between the canopy coverage of arbor (CCA) and nest density in
the plot. According to the research results of Kang et al, habitat connectivity is positively
correlated with the richness of bird species [39], which is consistent with the correlation
between the distance from non-artificial environment and nest density found in this study.

(2) About green space size (PA): There are relevant studies indicating that the species
richness of birds increased with the size of green spaces, but in the field investigations it
was found that, although some green spaces have a small area, their canopy coverage of
arbor and space openness was relatively high, or they were relatively close to forests and
agricultural land, so their nest density was still high, such as plots 3, 19, and 48. Although
some plots have a large area, their canopy coverage of arbor is low or far from forests and
agricultural land, resulting in a low nest density, such as plots 10, 27, and 36. The reason
for this may be that a nest site close to the mountain forest is more conducive to providing
food for young birds and entering the mountain forest in time when encountering danger.
All in all, the characteristics of mountainous cities that are belt-shaped, small (less than
40 square kilometers), and closely connected to non-artificial environments may mask the
effect of plot size on nest density.

In addition, according to the research by De Groot et al., the larger the area of green
space, the more habitat types it provides and the more bird species it attracts [40]. However,
in alpine and cold mountainous cities, the landscape types and plant species are relatively
few, and the bird species are also relatively fixed, so the number of bird species has not
changed correspondingly with the size of the plot. As a result, the nest density did not
increase with the increase in the plot size.

(3) About proportion of native plants (PNP) and vegetation diversity (SW): Related
studies have shown that native plants and diverse vegetation provided significantly more
caterpillars and caterpillar species, thus creating conditions for bird species richness, diver-
sity, and biomass [41,42]. However, the results of this study show that vegetation diversity
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and the proportion of native plants have little impact on nest density, which may also be
related to the characteristics of mountain cities. In the field survey, it was found that some
agricultural land and mountains extend into the city or tight junctions around the city,
and these crops and native plants in mountains can provide food sources for urban birds;
even if birds choose to nest on introduced trees with dense foliage, they can still obtain
food quickly from native plants. Therefore, the proportion of native plants and vegetation
diversity in small mountainous cities has little impact on the density of bird nests.

(4) About proportion of paved ground (PPG): From Table 3, it can be seen that the
paved ground ratio of most plots is below 30%, with only plots 36 and 62 having a paved
ground ratio of 46%. However, bird nests have still been found in these two plots. On
the one hand, the plots have a 16% and 54% canopy coverage of arbor ratio, respectively,
which provides conditions for bird nesting. At the same time, in on-site investigations, it
was found that some urban birds tend to nest on artificial buildings, which means that
even if the impermeable area is large, as long as there is sufficient arbor and artificial
buildings to provide a nesting environment for birds, they can still reproduce normally.
This is consistent with Korányi’s findings in 2021 that increasing levels of urbanization and
the percentage of impervious surfaces around green space had no impact on the species
richness, functional traits, or community composition of birds [43].

(5) About noise density (Ni) and light pollution (LP): Although many studies have
shown that traffic noise and light pollution can have an impact on the lives of birds,
Summers’ research results in 2011 showed that traffic noise is not the main cause of the
negative correlation between bird species richness/diversity and proximity to roads, but
rather the mortality rate caused by traffic [28]. Ciach et al. also found that artificial light
acted positively on the density of birds and their inter-seasonal stability due to the fact
that artificial light sources can prolong the foraging time of birds [22]. The field survey
also found that some bird nests are built on streetlamp poles or trees under heavily lit
streetlamps, while others are built on noisy roadside trees and some nests are even less
than one meter away from the sidewalk. In fact, by monitoring the breeding process with
cameras installed near birds’ nests, it was found that birds engage in nesting activities
during the day. Subsequently, they return the nest every morning to lay eggs, and only
return to the nest at night to hatch after laying their last egg. At this time, even if birds
sences interference from light or noise at night, they will not easily give up hatching. This
could be due to urban birds have made adaptive changes to the urban environment; most
urban birds (such as Daurian Redstart, Great Tit, White Wagtail, Swallow, and Sparrow)
tend to nest in an artificial environment which can help birds drive away their natural
enemies, such as eagles and snakes. Therefore, the impact of noise and light pollution on
nest density is not significant.

(6) About distance from water body (DFW): The impact of water bodies on birds is
unquestionable, but existing research mainly focuses on the impact on bird diversity and
water bird richness, and there is still a lack of relevant research on the impact on the number
and reproductive activities of urban birds. Birds usually need water for two main reasons,
that is, for drinking and bathing, and water sources are closely related to the survival of
birds [44]. However, the water bodies involved in this study refer to large lakes, wetlands,
or rivers with an area greater than 100 square meters that are easily identified in on-site
research and are not the only source of water for birds. In addition to these large water
bodies, urban birds can obtain water from some paddles, ponds, fountains, gutters, and
containers on building roofs. By monitoring the breeding process of Daurian Redstarts
(Phoenicurus auroreus), Great Tits (Parus major), and White Wagtail (Motacilla alba) with
cameras installed near the birds’ nests, it was found that the parent birds never fed the
young birds with water, and the water intake of the young birds mainly depended on the
water contained in insects and food itself. Therefore, from the perspective of breeding
activities and the survival of urban birds, it is reasonable that their nest density is not
related to the distance from a water body.
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6.2. Limitation

(1) The correlation between environmental factors and nest density is not equivalent
to a causal relationship, so the model established by this study cannot be directly used to
predict nest density, but can only be used to compare nest density in different green spaces.

(2) This study is based on observation data from the same breeding season and city to
establish a model. The climate, sunshine, and other environmental conditions in the study
area are completely the same. Therefore, for different years and cities, the nest density
prediction results will vary with natural disasters as well as temperature, rainfall, hail, and
local climate, but will not affect the horizontal comparison of nest density between plots in
the same year.

(3) The research area is in the high-altitude mountainous areas of southern China,
with an average annual temperature of 12–22 degrees Celsius, a maximum temperature
of 30 degrees Celsius, and a minimum temperature of −3 degrees Celsius. Common
urban birds mainly include Daurian Redstart (Phoenicurus auroreus), Great tit (Parus major),
Sparrow (Passer montanus), White Wagtail (Motacilla alba), Swallow (Hirundo rustica). For
warmer, low-altitude areas (such as Southeast Asian cities with more crows and pigeons),
this model may not be applicable due to different bird living habits.

(4) The research area is a mountainous city. Due to the high investment in infrastructure
and limited construction land in mountainous areas, the total urban area is not large (within
100 square kilometers), and the area of green space is also small (within 20 hectares). For
large cities in plain areas, the distance between green spaces and non-artificial environments
may exceed 10 km, and the calculated value of nest density may be negative. Therefore,
this model is not suitable for large cities in plain areas.

7. Conclusions

In this study, the relevant data of 67 study sites are used to establish the model, and
the indicators of 10 verification sites are brought into the model to predict the nest density.
Finally, the model is compared with actual observed values to verify its accuracy. According
to the results of stepwise regression analysis, the effects of SO, DFN, and CCA on the nest
density of urban birds reached a significant level: the nest density of birds decreased with
the increase in SO and DFN and increased with the increase in CCA. That is, the more open
the green space is, the closer it is to the non-artificial environment, the higher the canopy
coverage of trees, and the greater the density of bird nests. In the construction and design
practice of ecological cities, based on these research results, the following five suggestions
are proposed:

(1) In the optimization design of urban space, the openness of green spaces can be
increased by reducing the number and height of buildings surrounding them, thereby
creating a suitable breeding environment for birds;

(2) In the layout of urban construction land, green space can be arranged as much as
possible at the edge of the city, or connected to natural mountains, forests, and
water bodies without separation, reducing the distance between green space and
non-artificial environment, and creating a suitable breeding environment for birds;

(3) In the design of green spaces, it is possible to increase the canopy coverage by planting
tall trees, thereby creating a suitable breeding environment for birds, especially for
small green spaces that are not close to natural mountains and forests;

(4) In the architectural design, since the study found that the nest density of urban birds
is not sensitive to artificial interference such as noise and light pollution, bird boxes or
caves can be set on artificial buildings in green space or residential areas to provide
breeding environments for birds;

(5) In the maintenance of green spaces, as most urban birds rely on trees and shrubs to
build their nests, it is recommended to avoid pruning trees or spraying insecticides
during bird breeding periods, in order to avoid bird nests being destroyed and young
bird casualties.
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