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Abstract 

Background: Habitat loss, fragmentation and decrease of habitat quality caused by urbanization have led to a 
dramatic decline in biodiversity worldwide. For highly urbanized areas, parks have become “islands” or habitat frag-
ments for wildlife. As an important indicator group of urban ecosystem health, the response of birds to urbanization 
has attracted the global attention of ecologists. Understanding the key factors affecting bird diversity in urbanized 
environment is crucial to the protection of biodiversity in urban ecosystems.

Methods: We used the line-transect method to survey birds in 37 urban parks in Nanjing, China. We also measured 
a number of park characteristics (area, isolation, shape index, environmental noise, distance to city center, and habitat 
diversity) that are commonly assumed to influence bird diversity. We then used the information-theoretic multi-model 
inference approach to determine which park characteristics had significant impacts on bird species richness.

Results: We found that park area, habitat diversity and the distance to city center were the best positive predictors of 
bird species richness in Nanjing urban parks. By contrast, park isolation, park shape and environmental noise had little 
or no influence on bird diversity.

Conclusions: Our study highlights the importance of park area, habitat diversity and the distance to city center in 
determining bird diversity in Nanjing city parks. Therefore, from a conservation viewpoint, we recommend that large 
parks with complex and diverse habitats far away from the city center should be retained or constructed to increase 
bird diversity in urban design and planning.
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Background
The loss of biodiversity caused by urbanization is a seri-
ous problem that has aroused global concern (Grimm 
et al. 2008). With the development of urbanization, more 
and more natural land has been replaced by tall buildings 
and hardened roads (Ferenc et al. 2014). In this context, 
parks in urban areas often act as "islands" or habitat frag-
ments for wildlife (Fernández-Juricic and Jokimäki 2001). 
Wildlife habitat management in parks is an effective way 
to protect biodiversity in urban ecosystems (Hagen et al. 

2017). As an important part of biodiversity, birds are an 
important indicator group of urban ecosystem health 
(Lepczyk and Warren 2012). The impacts of urbanization 
on bird diversity and composition has become a hot topic 
in urban ecology (Evans et al. 2009; Aronson et al. 2014; 
Chen and Wang 2017).

Theoretical and empirical evidence suggests that bird 
diversity in urban areas is primarily determined by sev-
eral key variables, including fragment area, isolation, 
shape, habitat diversity and human disturbance (MacAr-
thur and Wilson 1967; Fernández-Juricic and Jokimäki 
2001; Murgui 2007). First, according to the theory of 
island biogeography and species-area relationships, 
park area is often the most important determinates of 
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bird diversity (MacArthur and Wilson 1967; Oliver et al. 
2011; Schütz and Schulze 2015). Park area may influence 
species richness simply by the passive sampling effect, 
directly by its effects on immigrate and extinction rates 
(area per se), or indirectly through its positive correlation 
with habitat diversity (Ricklefs and Lovette 1999). Sec-
ond, the isolation of urban parks often has negative influ-
ences on bird diversity because the inhospitable urban 
matrix will hinder the dispersal of bird species (MacAr-
thur and Wilson 1967; Fernández-Juricic and Jokimäki 
2001). Third, the shape of fragments may affect bird 
diversity by varying the edge-affected habitats (Martı́nez-
Morales 2005; Ewers and Didham 2007). Typically, the 
complex shaped fragment has a higher perimeter area 
ratio, which increases the fragment area affected by the 
strong edge effect (Laurance and Yensen 1991). Moreo-
ver, urbanization may lead to changes in habitat diversity 
among fragments, which in turn affects species richness 
(Jasmani et  al. 2016). In addition, the distance to city 
center, a measure of the degree of urbanization, also 
positively affects bird diversity (Chen et al. 2000). Finally, 
human interference and environmental noise often have 
negative impacts on bird diversity in urban ecosystems 
(Nemeth and Brumm 2010; Gagné et al. 2016).

There are already some studies on bird diversity in 
Chinese city parks, although most of studies were pub-
lished in Chinese (see Chen and Wang 2017 for reviews). 
For example, Liu et  al. (2019) found that bird diversity 
in Chinese urban parks was more associated with natu-
ral factors than anthropogenic factors. Morelli et  al. 
(2017) showed that land use composition and vegetation 
structure were the best predictors of taxonomic diver-
sity, functional diversity and evolutionary uniqueness in 
bird communities of Beijing’s urban parks. However, the 
influencing factors of bird diversity in Chinese city parks 
is highly variable in different cities (Zhou et  al. 2012; 
Morelli et al. 2017; Liu et al. 2019), so we need to conduct 
local studies to develop appropriate conservation plans.

As the political, economic and cultural center of Jiangsu 
province, Nanjing is one of the most urbanized cities in 
the Yangtze River Delta region, China. The urbanization 
rate of Nanjing has reached 82% by 2016, ranking among 
the top ten cities in China. Recent research has shown 
that great changes have taken place in human population 
and land use in Nanjing from 2000 to 2016 (Ding and Shi 
2017). Specifically, the human population has increased 
from 6.238 million in 2000 to 8.236 million in 2016, with 
an increase rate of 32%. The growth rate of urban con-
struction land is as high as 54%, and mountainous and 
primary forests has been transformed into urban resi-
dential area, grassland and other land use types, result-
ing in obvious changes in landscape pattern and high 
degree of fragmentation (Ding and Shi 2017). Such rapid 

urbanization of Nanjing may have serious impacts on 
bird diversity. Therefore, it is important to investigate the 
key factors affecting bird diversity so as to maintain and 
enhance bird diversity in this highly urbanized city.

In this study, we surveyed bird species richness and 
measured a number of park characteristics (area, isola-
tion, shape index, environmental noise, distance to city 
center, and habitat diversity) in 37 urban parks of Nan-
jing, China. The objectives of this study were: (1) to eval-
uate the effects of park characteristics on bird species 
richness in our study system; and (2) to provide sugges-
tions for the management and planning of urban parks 
that will improve bird diversity. Based on the theory of 
island biogeography and previous studies, we hypoth-
esized that park area, habitat diversity and the distance to 
city center would positively affect bird species richness, 
while park isolation, park shape and environmental noise 
would negatively influence bird species richness.

Methods
Study area
Nanjing (31° 14′ − 32° 37′ N, 118° 22′ − 119° 14′ E) is 
located in the southwest of Jiangsu Province and the mid-
dle and lower reaches of the Yangtze River, with a total 
area of 6597  km2. The terrain in the region is relatively 
flat and composed mainly by low mountains, hills and 
plains (Tong 2007). Nanjing belongs to the subtropi-
cal monsoon climate, with four distinct seasons. The 
annual average temperature is about 15.7  °C, ranging 
from − 16.7 °C in winter to 43 °C in summer. The average 
annual precipitation is about 1106  mm. The major veg-
etation in the region is evergreen and deciduous broad-
leaved forest (Cui 2015).

Nanjing is one of the four garden cities in China with 
an extensive network of parks. We chose a total of 37 city 
parks in the highly urbanized areas of Nanjing (Fig.  1) 
(Tan et  al. 2020). Prior to the formal surveys, potential 
parks were determined by using the satellite map and 
field inspection. The majority of the parks were sur-
rounded by the urban matrix that is inhospitable to birds, 
including the buildings or paved roads. All the parks were 
selected to represent a gradient of landscape variables 
(area, isolation, environmental noise and habitat types) 
(Table  1). For instance, the size of these parks ranged 
from 2 to 514 ha, and habitat diversity varied from 2 to 
12 types (Table 1).

Bird surveys
From April 2019 to January 2020, we used the line-tran-
sect method (Bibby et al. 2000) to conduct a monthly sur-
vey of birds in the 37 study parks. During the survey, the 
observers used the CELESTRON 10 × 42 binoculars to 
watch birds and walked along each transect at a constant 
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speed of 2.0  km/h. According to the area and shape of 
the park, each transect was determined that could run 
through the whole park to make a thorough search for 
all species (Fernández-Juricic 2000). We recorded the 
species richness and abundance of birds seen or heard 
within 50  m of the transects, except for those high-fly-
ing species (Wang et  al. 2010). The survey time spent 
in each park ranged from 5 min to 2 h. Considering the 
inactivity of birds in the mid-day period, surveys were 
conducted from dawn to 11:00 am and from 3:00 pm to 
sunset (Wang et al. 2010). We usually surveyed birds on 
sunny and windless days. The identification and classifi-
cation of birds were based on A Field Guide to the Birds 
of China (Mackinnon and Phillipps 2000) and A Check-
list on the Classification and Distribution of the Birds of 
China (Zheng 2017).

Habitat variable surveys
For each park, we selected six environmental variables to 
explore their impacts on bird diversity: (1) park area, (2) 
park isolation, (3) park shape index, (4) environmental 

noise, (5) distance to city center, and (6) habitat diver-
sity. We used Google Earth 7.3.3 to obtain the area and 
perimeter of the 37 urban parks. The shape index (SI) 
indicates the relative shape complexity of parks, which 
is calculated with the formula: SI = P / [2 × (π × A)0.5] 
(Ewers and Didham 2007), where P is park perimeter and 
A is park area. The shape of a park is circular when SI is 
1. With the increase of the shape index, the shape of the 
park becomes irregular and complex (Ewers and Didham 
2007). Isolation1 is defined as the distance from the park 
to the nearest larger park, and isolation2 is the distance 
from the park to the unfragmented Laoshan National 
Forest Park (Table 1), both of which reflect the potential 
source of species for the smaller park (Fernández-Juricic 
2000; Wang et  al. 2013). Laoshan National Forest Park 
was considered to be a potential source of bird species in 
Nanjing parks due to its large size and low level of human 
exploitation. Environmental noise is an important index 
that reflects the degree of human interference (Wang 
et  al. 2013). During the survey, we selected 3 to 5 sam-
pling locations based on park area to measure the noise 

Fig. 1 Location of the study region and the distribution map of the 37 urban parks in Nanjing, China. Parks are numbered in order of decreasing 
area with number 1 representing the largest park
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level. Noise level in each park was expressed as arithmetic 
mean ± standard deviation (SD) (Table  1). The distance 
to city center was measured as the distance from park 
center to the Xinjiekou Jinling Hotel, the center of Nan-
jing, which could be used as an indicator of the degree of 

urbanization. To evaluate the influence of habitat diver-
sity on bird species richness, we observed and recorded 
the habitat types in which birds occurred during the sur-
vey (Wang et al. 2013). Considering the requirements of 
birds, we divided all the habitats into the following 12 

Table 1 Characteristics of the 37 study parks in Nanjing, China

Isolation1 is given as distance to the nearest larger park

Isolation2 is given as distance to the largest unfragmented woodlot Laoshan (the regional species pool)

Distance represents the distance of the park to the city center

Sobs observed species richness; Sexp expected species richness; Scom survey completeness

Park code Park area (ha) Distance (m) Isolation1 (m) Isolation2 (m) Number 
of habitats 
(n)

Noise (dB) 
(mean ± SD)

Shape index Sobs (n) Sexp (n) Scom

1 514.68 2763.34 14307.45 14307.45 11 56.3 ±  6.7 1.15 41 44 0.93

2 160.49 4510.33 2324.98 19078.69 11 57.6 ± 1.7 1.42 44 49 0.90

3 100.64 3993.52 1122.29 17869.11 11 56.1 ± 3.1 1.17 36 45 0.80

4 98.54 5167.56 7922.71 17352.86 4 59.0 ± 4.3 1.82 20 21 0.95

5 63.66 7572.81 346.25 21753.38 8 60.8 ± 3.5 1.17 32 35 0.91

6 62.39 10637.12 3977.97 22046.94 12 56.6 ± 4.4 1.52 45 60 0.75

7 61.38 6776.72 8215.56 9966.08 10 53.9 ± 2.0 1.60 38 42 0.90

8 52.51 5474.82 522.35 14387.74 7 58.5 ± 6.0 1.78 21 36 0.58

9 45.33 20869.16 3229.51 32597.62 7 56.1 ± 3.5 1.13 34 46 0.74

10 33.55 12558.95 2252.73 21774.77 6 56.6 ± 1.5 1.13 26 26 1.00

11 33.33 3420.71 69.42 16962.47 9 59.5 ± 1.7 1.06 32 39 0.82

12 29.85 8047.15 335.05 22393.22 5 55.8 ± 4.6 1.24 28 30 0.93

13 29.60 3919.39 665.75 18868.94 6 58.6 ± 7.1 1.95 27 31 0.87

14 29.25 5488.70 1784.88 20425.40 10 59.4 ± 1.2 1.56 46 53 0.87

15 21.04 3993.33 2946.17 10856.04 11 57.0 ± 5.2 1.13 29 35 0.83

16 18.67 5272.27 1409.22 9343.43 5 52.1 ± 3.8 1.06 23 28 0.82

17 18.33 2273.25 1545.59 12079.61 4 58.2 ± 1.8 1.20 17 17 1.00

18 17.78 4164.21 19.50 18536.24 5 58.3 ± 4.4 1.07 25 27 0.93

19 16.94 2805.10 74.49 11619.00 4 57.7 ± 1.5 1.37 25 27 0.93

20 16.58 3696.73 285.73 17773.20 6 55.0 ± 4.3 1.37 29 33 0.88

21 15.93 2276.21 2730.40 16778.58 5 56.5 ± 6.0 1.08 19 25 0.76

22 14.82 12331.95 1668.50 24553.20 8 60.1 ± 3.1 1.38 27 32 0.84

23 12.95 2943.27 43.45 15664.05 7 56.2 ± 5.3 1.76 27 33 0.82

24 11.95 2155.60 304.18 14586.09 4 56.4 ± 6.1 1.22 23 26 0.88

25 9.56 6431.38 2105.76 9871.16 5 53.1 ± 1.7 1.36 16 22 0.73

26 9.35 10449.00 2359.27 25113.73 6 60.7 ± 3.0 1.62 23 26 0.88

27 9.30 1032.89 1398.77 15782.83 5 54.4 ± 2.8 1.14 15 15 1.00

28 9.18 5438.14 422.54 20151.01 10 52.0 ± 3.1 1.24 23 26 0.88

29 9.10 2297.65 2074.84 13624.55 5 60.3 ± 5.9 1.21 23 23 1.00

30 8.50 5947.61 94.31 10171.32 4 59.4 ± 3.5 1.38 20 21 0.95

31 5.28 2986.01 858.19 17664.24 5 61.0 ± 3.0 1.30 16 17 0.94

32 4.76 13643.02 1393.01 26500.65 5 56.8 ± 1.9 1.20 24 30 0.80

33 4.60 5384.31 253.50 13731.47 5 59.9 ± 3.9 1.48 18 19 0.95

34 4.40 2982.04 192.68 17255.82 5 63.7 ± 4.0 2.15 21 21 1.00

35 3.54 11264.40 185.67 21861.83 2 54.7 ± 2.6 1.12 15 16 0.94

36 3.51 2663.46 1207.27 15242.68 6 57.4 ± 1.7 1.32 17 18 0.94

37 2.20 1089.23 1172.90 16050.33 4 62.4 ± 4.6 1.19 9 9 1.00
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types: (1) broad-leaved forest, (2) coniferous forest, (3) 
coniferous broad-leaved mixed forest, (4) dense shrub, 
(5) sparse shrub, (6) short trees, (7) medium high trees, 
(8) high trees, (9) water area, (10) clearing, (11) hill, and 
(12) building (Additional file 1: Table S1).

Data analyses
Species sampling completeness
The species accumulation curve is widely used to judge 
the sampling adequacy and estimate the true species 
richness (Colwell et  al. 2004). We thus evaluated bird 
inventory completeness with species accumulation curve 
(Colwell et al. 2004; Xu et al. 2017). We used the common 
nonparametric estimator Chao 1 to estimate the expected 
true number of bird species (Sexp) in each park (Chao 
et al. 2005). Specifically, Chao 1 first estimates the num-
ber of species missed during sampling using the number 
of singletons and doubletons observed, and then adds 
this number to the observed number of species (Sobs) to 
obtain an estimated total number of species (Chao et al. 
2005). We then used the expected true species richness 
of birds (Sexp) for the following analyses (Table 1; Bogich 
et  al. 2012). The sampling adequacy analyses were per-
formed using the “vegan” package (Oksanen et al. 2019) 
in R 4.0.0 (R Core Team 2020).

Impacts of park characteristics on bird species richness
Before the analyses, we used the Shapiro–Wilk test to 
determine whether the response variable (Sexp) and the 
six predictor variables were normally distributed (Zar 
2010). The results showed that Sexp, park area, distance 
to city center, shape index and habitat diversity did not 
follow the normal distribution (p < 0.05). Therefore, these 
variables were  Log10 transformed to normalize values.

We performed the following analyses in four steps to 
determine the influences of park characteristics on bird 
species richness. As variables with strong correlation 
(|r|> 0.7) would lead to similar ecological phenomena 
(Dormann et al. 2013), we first used Pearson correlation 
tests to check the pairwise correlations between the six 
predictor variables. As the correlation coefficients of the 
six variables were all smaller than 0.7 (Additional file 1: 
Table S2), we retained all of them in the following analy-
ses. Second, we built a set of candidate models by com-
bining the variables retained in the first step. We used 
the corrected Akaike information criterion  (AICc) to 
select and rank models. The models with ΔAICc < 2 were 
considered to have substantial support (Burnham and 
Anderson 2002). Furthermore, we obtained the Akaike 
weight (wi) of each model by calculating the difference 
between  AICc value (ΔAICc). The Akaike weight (wi) is 
the probability that the model is the best in all candidate 
models (Burnham and Anderson 2002). Finally, since 

Akaike weight (wi) indicated that no model was obviously 
the best (wi > 0.9) (Additional file 1: Table S3) (Anderson 
et  al. 2001), we used the model average method to cal-
culate the relative importance (w+), averaged parameter 
estimates and unconditional standard errors (SE) for 
models in the 95% confidence set. The “MuMIn” pack-
age (Bartoń 2020) was used to carry out model average. 
All statistical analysis was performed in R 4.0.0 (R Core 
Team 2020).

Results
General survey results
We observed a total of 76 bird species during the sur-
vey period in the 37 study parks. The observed bird spe-
cies richness in each park varied from 9 to 44 (Table 1). 
According to the expected true species richness (Sexp), 
the average survey completeness for the 37 parks was 
88%, ranging from 73 to 100% (Table 1). Meanwhile, the 
species accumulation curve approached an asymptote 
(Fig.  2), indicating a high level of bird inventory com-
pleteness for the 37 study parks.

Impacts of park characteristics on bird species richness
Based on the model selection criterion of  AICc, the mul-
tivariable model incorporating park area, habitat diver-
sity, distance to the nearest larger park (isolation1), and 
distance to city center was the best model that affected 
the expected true species richness of birds in Nanjing 
city parks (ΔAICc = 0, R2 = 0.8190) (Table  2, Additional 
file  1: Table  S3). However, the small Akaike weight (wi) 
of 0.3720 of the best model suggested substantial model 
selection uncertainty.

The results of model average showed that park area 
(w+  = 1, p < 0.001), habitat diversity (w+  = 1, p < 0.001), 
and distance to city center (w+  = 1, p < 0.001) were the 

Fig. 2 Species-accumulation curve for birds in the 37 urban parks of 
Nanjing, China
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most important predictors of the expected true species 
richness (Sexp) of birds in Nanjing city parks (Table  3). 
Moreover, they were all significantly and positively corre-
lated with bird species richness (Fig. 3). By contrast, park 
shape (w+ = 0.20), environmental noise (w+  = 0.36), iso-
lation1 (w+  = 0.84) and isolation2 (w+  = 0.17) had little 
or no influences on bird diversity (p > 0.05, Table 3). 

Discussion
In this study we investigated the influence of park char-
acteristics on bird diversity in Nanjing city parks. We 
found that park area, habitat diversity and distance to 
city center were three most important factors positively 
affecting bird species richness in our system. So far, there 
is no study in Nanjing to explore the impact of urbani-
zation on bird diversity. Our research thus filled in a 

significant gap and would have important implications 
for future urban planning and biodiversity conservation 
in our study system.

We found that park area was the most important 
predictor of bird species richness, verifying our ini-
tial hypothesis. Larger parks have more bird species 
than smaller ones, which is consistent with the predic-
tion of species-area theory (MacArthur and Wilson 
1967;  Murgui 2007). The result is also in accord with 
some previous fragmentation studies in urbanized 
landscapes (Oliver et  al. 2011; Zhou and Chu 2012). 
Larger parks can provide larger ecological space, more 
habitat types and food resources for birds, which is 
conducive for the establishment of a rich and stable 
population of birds (Evans et al. 2009; Liu et al. 2019). 
Meanwhile, large parks can accommodate certain 
rare species that are not common in small parks (e.g. 

Table 2 Results of  model selection relating bird species richness to  predictor variables using corrected Akaike 
information criterion  (AICc)

Models with ΔAICc < 10, number of estimable parameters (K), Akaike difference (ΔAICc), Akaike weight (wi) and adjusted R2 were listed. SI = Shape Index; HD = Habitat 
Diversity. All candidate models were listed in Additional file 1: Table S3. See Table 1 for the abbreviated variables

Model K AICc ΔAICc wi Adjusted R2

Area + Distance + HD + Isolation1 6 − 78.60 0 0.3720 0.8190

Area + Noise + Distance + HD + Isolation1 7 − 77.48 1.12 0.2125 0.8227

Area + SI + Distance + HD + Isolation1 7 − 75.87 2.73 0.0950 0.8148

Area + Distance + HD + Isolation2 + Isolation1 7 − 75.54 3.06 0.0805 0.8131

Area + Noise + SI + Distance + HD + Isolation1 8 − 74.54 4.06 0.0489 0.8185

Area + Noise + Distance + HD + Isolation2 + Isolation1 8 − 74.22 4.38 0.0416 0.8169

Area + Noise + Distance + HD 6 − 74.15 4.45 0.0402 0.7959

Area + Distance + HD 5 − 73.83 4.77 0.0343 0.7842

Area + SI + Distance + HD + Isolation2 + Isolation1 8 − 72.59 6.01 0.0184 0.8087

Area + Noise + SI + Distance + HD 7 − 71.46 7.14 0.0105 0.7914

Area + SI + Distance + HD 6 − 71.32 7.28 0.0098 0.7796

Area + Noise + Distance + HD + Isolation2 7 − 71.13 7.47 0.0089 0.7895

Area + Noise + SI + Distance + HD + Isolation2 + Isolation1 9 − 71.03 7.57 0.0084 0.8122

Area + Distance + HD + Isolation2 6 − 70.97 7.63 0.0082 0.7775

Table 3 Model-averaged parameter estimates, unconditional standard errors (SE) and relative variable importance (w+) 
for each variable in the 95% confidence set

See Table 1 for the abbreviated variables

Variables w+ Estimate Unconditional SE Z value p

Intercept / 0.4710 0.3334 1.379 0.1679

Area 1.00 0.1479 0.0322 4.417 1.00 × 10–5

Habitat diversity 1.00 0.5164 0.0926 5.362 1.00 × 10–7

Distance 1.00 0.1790 0.0462 3.731 0.0002

Isolation1 0.84 − 0.0492 0.0025 1.949 0.0910

Noise 0.36 − 0.0024 0.0044 0.539 0.5902

Shape index 0.20 0.0141 0.0718 0.190 0.8490

Isolation2 0.17 − 6.85 × 10–9 1.18 × 10–6 0.006 0.9955
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Gracupica nigricollis, Myophonus caeruleus, Pycnono-
tus jocosus). These uncommon species that only appear 
in large parks increase the species diversity of urban 
birds in our system.

Our results support our hypothesis that habitat 
diversity would positively affect  bird species richness 
in urban parks. Abundant habitat types can meet the 
requirements of different living space of birds so as to 
improve the bird diversity in cities. We also found that 
the attraction of different types of habitats to birds was 
different. Broad-leaved forests, coniferous broad-leaved 
mixed forests, high trees, medium high trees and dense 
shrubs had a high level of bird species, while bird diver-
sity in coniferous forest, grassland and buildings was 
quite low. Broad-leaved forests, medium high trees and 

dense shrubs could provide more hidden refuges and 
food sources for birds (Imai and Nakashizuka 2010; 
Rousseau et al. 2015). In addition, there are 15 species 
of water birds in our study, accounting for nearly 20% 
of the total species (76 species). The existence of water 
area (ponds, lakes, streams or rivers) in the parks con-
tributes to the increase of bird diversity because larger 
water areas can provide more opportunities for birds 
to forage and nest, especially for those species associ-
ated with water (Chamberlain et  al. 2010). In our sur-
veys, we found that some water birds (e.g. Dendrocopos 
canicapillus, Gallinula chloropus, Amaurornis akool) 
only existed in the parks with ponds and lakes. Previous 
study has shown that smaller urban parks can also have 
higher bird diversity if water bodies and diverse vegeta-
tion are properly managed (Kim et al. 2007).

Our results are also consistent with the prediction that 
the distance to city center has positive effects on bird 
species richness. The distance to city center is often used 
as an indicator of the degree of urbanization, with shorter 
distance indicating higher urbanization (Chen et al. 2000; 
Wang et  al. 2004). Our results suggest that the shorter 
distance is the park from city center, the lower is the bird 
diversity. As the distance from city center increases, the 
degree of urbanization and human interference decreases 
and the proportion of natural forests increases (Chen 
et al. 2000; Wang et al. 2004), which in turn will result in 
the increase of bird diversity in the remote parks.

Park shape could play an important role in urban bio-
diversity and ecological function (Martı́nez-Morales 
2005; Ewers and Didham 2007). However, contrary to our 
expectation, the shape of the parks was not significantly 
correlated with bird species richness in our study. Differ-
ent fragment shapes have more or less internal habitats, 
such as circular patches tend to have more internal habi-
tats and less edge habitats, while linear ones would have 
more edges than internal habitats (Beck 2013). There is a 
certain quantitative relationship among total patch area, 
core area and edge area in fragments. In general, when 
the patch area increases, the core area increases faster 
than the edge area. When the patch area decreases, how-
ever, the difference between the core area and the edge-
affected habitat becomes smaller or no longer exists, and 
the whole patch is often occupied by marginal species or 
insensitive species (Laurance and Yensen 1991). There-
fore, compared with large parks, the edge effect in small 
parks is much stronger. In our study, there were few lin-
ear and elongated parks (Fig.  1), and most of the parks 
had relatively larger area (> 10 ha), which could support 
more internal species. Therefore, the shape index of parks 
had no significant impact on bird diversity in our system.

There was no significant correlation between park iso-
lation and bird species richness in Nanjing city parks. In 

Fig. 3 Effects of park area (a), habitat diversity (b) and distance to city 
center (c) on bird species richness in the 37 urban parks of Nanjing, 
China
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other words, the distance between the regional species 
pools and the urban park had no effect on the bird rich-
ness in our study. At least three reasons may explain why 
the correlations are weak. First, the isolation distance 
between the park and the species pool was relatively 
small (Fig.  1). Second, birds often have strong dispersal 
ability and could spread and communicate easily among 
different urban parks (Wang et al. 2013). Finally, wooded 
streets in Nanjing city can reduce the degree of regional 
isolation by increasing connectivity between parks 
(Fernández-Juricic and Jokimäki 2001).

Bird diversity and distribution may be affected by 
human activities and environmental noise (such as traf-
fic noise and construction noise) in urban green space 
(Campbell 2009; Wang et  al. 2013). Generally, environ-
mental noise has a negative impact on bird diversity 
(Herrera-Montes and Aide 2011; Zhou and Chu 2012). 
However, our previous prediction that environmental 
noise would negatively affect bird species richness was 
not verified. The noise level had no significant effects 
on bird species richness probably because most birds 
recorded in our surveys were common urban birds. Such 
species always inhabited urban parks, and some birds 
could be found in almost all the parks, such as Cyano-
pica cyanus, Passer montanus, Streptopelias, Pycnonotus 
sinensis, Turdus mandarinus, which may have already 
adapted to the highly urbanized environment (Wang 
et al. 2008, 2009, 2015; Jasmani et al. 2016).

Conclusions
In the context of global and accelerating urbanization, 
the study of bird diversity and the underlying process 
has important implications for conservation and can be 
used to direct management efforts in urban ecosystems 
(Wang et al. 2013). Our study highlights the importance 
of park area, habitat diversity and the distance to city 
center in determining bird diversity in Nanjing city parks. 
These findings have several important implications for 
the urban park planning and bird diversity conservation 
in our system. First, large parks in urban areas should be 
maintained or enlarged because these parks will provide 
larger niche space, greater habitat diversity and resource 
availability for birds (Stein et  al. 2014; Schütz and 
Schulze 2015). In addition, our study highlights the posi-
tive impact of habitat diversity on bird species richness. 
Therefore, to maximize the number of species in our sys-
tem, conservation efforts should focus on increasing the 
habitat diversity and vegetation structure complexity of 
existing parks. Finally, remote parks far away from city 
center in our system should also be conserved because 
the distance of parks to city center has positive effects 
on bird diversity. To sum up, large parks with complex 
and diverse habitats far away from city center should 

be retained or constructed to increase bird diversity in 
urban design and planning in our system.
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