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Abstract: [Objectives] With the development of global urbanization, urban areas are constantly expanding,
and natural habitats around cities are being squeezed, resulting in a decrease in area and an increase in
fragmentation. The process of urbanization will have a significant impact on ecosystem functions, which may
lead to birds being forced to adapt to urban habitats and exhibiting homogenization of functional traits.
However, there is relatively little research on the impact of urbanization on birds in China, especially on the
functional traits through which urbanization will affect birds. Therefore, this study aims to understand the
differences in bird species richness and functional diversity under urbanization gradients, and whether it
supports the moderate disturbance hypothesis. Also, the study compares the differences in functional traits of
birds in urban, suburban, and outskirts to explore which functional traits will affect birds’ adaptation to urban
habitats. [M ethods] We conducted bird surveys on three different urbanization intensity patches in Hangzhou,
including 15 urban patches, 15 suburban patches, and 15 outskirt patches. Each urban survey area with
varying levels of urbanization disturbance includes 3 patches of lake water habitats, 5 patches of mountain
habitats, and 7 patches of green habitats. We calculate the species richness and functional diversity of birds in
different urbanization levels in the region and compare the differences in functional traits of birds in urban,
suburban, and outlying patches to explore which functional traits will affect the adaptation of birds to urban
habitats. Bird surveys were conducted in November 2022, January to February 2023, March to April 2023,
and June 2023. We designed a 1.5 km long survey transect of equal intensity for each patch and recorded the
bird species and numbers seen or heard on both sides of the lines. We calculated the species functional
richness, functional dispersion, Rao’s Quadratic Entropy, and Community Weighted Mean for each patch to
evaluate the diversity of bird communities. We selected 30 functional traits to assess avian functional diversity
and calculated functional diversity and community-weighted means (Table 1). The first four axes of the PCoA
analysis, which accounted for more than 80% of the variation, were used as the new “traits” to calculate
functional diversity. Mann-Whitney U test was employed to analyze the significance of differences in
community-weighted means among different regions. [Results] The bird species richness level is highest in
outlying patches, but suburban patches have higher bird functional richness (Table 2). Although the species
richness and functional diversity in urban areas are lower than those in suburban areas and outlying patches,
the overall proportion of species composition in urban areas is also higher, and a higher degree of urban
greening supports a certain level of bird species diversity. There are significant differences in nest site
selection, clustering, and feeding habits among birds in urban, suburban, and outlying areas (Fig. 3).
Compared to birds in suburban and outlying areas, urban birds tend to build nests in tree crowns rather than on
the ground or in shrubs (Fig. 5) and are more inclined to form larger groups (Fig. 6). In terms of feeding habits,
the proportion of urban birds feeding on flowers and fruits is relatively high, while the proportion of feeding
on invertebrates is relatively low (Fig. 4). We did not find significant differences in body morphometrics
among birds in urban, suburban, and outlying areas. [Conclusion] The moderate disturbance hypothesis of
bird diversity under different urbanization gradients in Hangzhou is reflected through the functional diversity
of birds. Suburbs with moderate urbanization disturbance intensity have higher functional diversity, while
outlying areas have the highest species richness. Urbanization mainly affects birds through functional traits

such as feeding habits, nest sites, foraging layers, and flocking behaviours. Among them, flocking behaviours,
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nest sites, and feeding habits are the functional trait groups that distinguish urban birds from other birds the

most. The low coverage of shrubs in cities, the high risk of human activities from the ground, and the

tendency of vegetation types towards landscaping plants may be important factors contributing to significant

differences in the feeding habits and nest sites of urban birds. Urban habitats, as a new and unfamiliar

environment, are easier for larger groups of birds to adapt to. Improving urban shrub coverage, optimizing the

selection of bird-feeding plants in landscaping, increasing and preserving ancient and dead trees, and

providing artificial nests are crucial for birds to adapt to urban habitats.
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Fig. 1 Distribution of bird survey sitesin Hangzhou City
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a. Distribution and habitat type of bird survey sites in the 9 districts of Hangzhou City (Binjiang, Shangcheng, Gongshu, Xihu, Qiantang,

119°35’

Xiaoshan, Linping, Fuyang, Yuhang); b, ¢ and d respectively represent schematic diagrams of urban, suburban, and outskirt habitats.
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Tablel Selection of functional traits and datarange

21 Type BhREMEIR Functional traits IR Data sources HUE 6 H] Range

A Mass (g) AVONET 4.84 - 252897
&4 Body length (mm) Chinesebirdsdata 86.75 - 888.00
1K Beak length (mm) AVONET 7.4-1389

ﬁzﬁy features 1% 5% Beak width (mm) AVONET 2.3-209
Bt K BF Tarsus length (mm) AVONET 72-1379
W Wing length (mm) AVONET 43.4 - 441.0
J21 Tail length (mm) AVONET 29.1-393.1
TCHEHEENY Invertebrate (%)
HHESIY) Vertebrate (%)

ik P Scavenge (%) Elton Traits 1.0 0- 100

Diet £ 5 Nectre fruit (%)
T Seed (%)
1% Plant (%)
2 Aerial (%)
M3t Canopy (%)

R #erf Midhigh (%

?:) Eg)?ng stratum - Underftoiy ()%) Elton Traits 1.0 0- 100
HuI Ground (%)
7K Water (%)
HiTH Ground

§ i\ Bushes

I%e tsﬂt:ing stratum 5 Trectop Chinesebirdsdata 1/0
A BE Rock cliff

o IR Cavity nest Chinesebirdsdata 1/0

Nest type FFIH# Open nest
AR Not clustered

E%fftrfr ys}HiI}ua tion £E KB Large group Chinesebirdsdata 1/0
4E /N Small group

% 9P % Clutch size Chinesebirdsdata 1-10
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Table2 Bird abundance, speciesrichness, average species richness, and functional

diversity acrossthree different regionsin Hangzhou

X AR AR SRR R FEITIREE R CFRTIREEEUE P OO
f Species Total individuals Average species Average functional ~ Average functional Average Rao’s
Region . . . - . . -

richness (ind) richness richness dispersion quadratic entropy
7 [X Urban 92 4 648 18 87.70 4.42 21.52
JE%B Suburban 110 7918 28 372.85 4.48 23.26
%8 Outskirts 138 11008 27 308.57 4.89 26.28
S 4K Overall 175 23574 24 256.38 4.60 23.69
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X on seeds
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ICanopy nesting
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- 200 - 100 0 100

PCI (61.1%)

B2 HUNTHX. ERALERE XIS KA AT D) AR 3 B2 2T

Fig. 2 Principal component analysis of community weighted mean functional traits of birdsin urban, suburban,

and outskirt areas of Hangzhou City
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{ATE Mass |

&+ Body length |

o @ %1 Beak length |

ﬁé% WETE Beak width |

= BB B Tarsus length |-

K Wing length

&1 Tail length -

i Ground

= %‘) 5 # )\ Bushes [
i3 § g 5 Treetop
“ABE Rock cliff

B UL Clutch size !

T X FIERR

WXFLERS  ERRALERR

Urabn & Urabn & Suburban &
suburban outskirts outskirts

B3 HUN=MRm T REET, SREEMBCTFI iR =R B &%

Fig. 3 Thesignificant differencesin the community weighted mean functional

traits of birdsunder threelevels of urbanization intensity in Hangzhou

BORREFEE, AOFRRERALE. Black indicates significant differences, while white indicates no significant differences.
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Fig. 4 Comparison of community weighted mean (CWM) values of bird dietary preferences and foraging strata

under three different levels of urbanization intensity in Hangzhou

a. WETHEMENDLLG]: b BIFLEH: o ARG d FPREd. TRTERRERFAGITFE L (P<0.05) .

a. Proportion of invertebrate feeding; b. Proportion of scavenging; c. Proportion of fruit and flower feeding; d. Proportion of aerial feeding.

Different letters indicate statistically significant differences (P < 0.05).
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Fig.5 Comparison of community weighted mean (CWM) values of bird nest-site preferences under three

different levels of urbanization intensity in Hangzhou
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a. Proportion of ground nesters; b. Proportion of shrub nesters; c. Proportion of canopy nesters; d. Proportion of cliff nesters. Different letters

indicate statistically significant differences (P < 0.05).
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Fig. 6 Comparison of community weighted mean (CWM) values of bird clustering behavior under three

different levels of urbanization intensity in Hangzhou
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a. Proportion of small groups; b. Proportion of large groups. Different letters indicate statistically significant differences (P < 0.05).
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Albino Red Muntjac Muntiacus vaginalis Found in Puer, Yunnan, China
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