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GRS SIS ZREPE S RO T RE . IS R B AR B O . (kA PR, 5P
o, R, BEXE . SrEAEERSE SRR 52, RS RI A
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X B B R ) S 2R RE B AR AP BB R, eAh, R R B A R SE A A Y Fh
B K 24 XU He 728 AR S R A . AR AL T8 B S R I I ER T2 Ak, X T RE S
XTI AT A2 7 o P9It 3BT AN A2 PR30 43 U T X SERRAE 250 PRI, i TR e
TEA 54 BRFAE 1T B85 S5 X 0T 838 1 MEAH S B Inx) 28 ZRE M 53k b 2 8]
TR ERA

AR, R KENEIE I AR h S 2R B 45 TR, (EAR 5T 45
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ARG ST, ) ] A — TR 5T e BT M DX B 28 LU AR AR A X AR TR B /N A
TR AT B —TRUAF 5 e R 3% i 25 et AR TR 6 A 1740 400 e X6l s R 5% 10 3 o7 e i ™ [
FERP JE W A S g bE i, VI —It s R B B E e S . BESNFEE
FEIEAROCM, SRMAER RN A TE 1 R S B S 20 1 2 0y 67 1a) CHR", 7R
SR DEE X E L, e 09— IS IR e A SR S (R B AZ 3T B T R, T S
—IZEFEA AT BN, SR AT I AN 2% 5 IR A g 7 A — B R i R B A
T, 5 S A AT DLGE i i Y T SRR X 4 A R DR R Z BRI K B R K
M, SEEML, ESRITEES 235 ZEAATHS R m e, ik, A
SN AT 1A IR T A2 0T 0 S REE

IR A R AT RE AR RS . e, B A BRI R e 2 BRI 4 R Y
o 2RO T SRR S i A2 ) R iR R AR T by sl XIRUE, H sk = FE5K
RBEICHIEX T E R WEIE . A REF#EE (Citizen Science Data) fE—Fh{EB)
38 A AEE R AR 5 AT MR B R B, S RIS RO R AR B2 F 5. 434
FITIRELL IR B SR UL T B T REMED Y, HAR, A2 xS 2 Ikl i 2 1 18
T T Re BRI AE SR  AT HE) 1 o AW E A 228 40 A W AR R SN AE
25, SRR S 2 Ik T B A Oy 2O L g, AR R L AR A N A A A
SIS SORE I 432 T AR R 4E A S5 e S T A 8 B W R A R 1, 1T BB 25 4 465 R ok
—EMIRZE . SIRIG S BT IR T MR A e . MR L N BRI
[B) KT D65 Z AR i B AR A B T AR SO L b . A7 o AR B 25 224 Ty T 3 1 2 )
WL 22 01, 1Ak, HERG R BN R RES BRI LR, BokZ iR
KU, S ASRXEAAL, ST X e SR RSk T MIaek TR B, b E 5
A YR T AR AP 08 N T RE L A R . FEIRTT HB DX AR AT R B S R AE
ARG KRB MY L ZREMEAL, e e — e L m M RE, e iTaee R H
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B, TiHE) 2050 4F3 TN RS N2 2.92AC NPT, T B RS 5K R L FSUAL A X e
AL A= LR, ST T A 2 ) 22 A 2 i g 2R 58 3 3
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2.1 BZEMMEE

R S o E 0 SR AL (httpy/www.birdreport.cn)  FRHRCH [ 85 P B 28 05 A7 KR
P, XA AT N THFIE . ED S skt & B S — DA TRl B 5 2500 5%k
BOMLHZ . 255 381 Wl 22 S 2 Aol ic 5%, A0S0 H 1 . BbTE) L 7 B AR BR DA
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ANIERRR AR, AL B IRTER R S iR A i ARF (RIVETERT A (a2 40 ) AUt
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Fig. 1 Study area and distribution of observation sites
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(https://birdsoftheworld.org) , ASCH SIS S5A M 10 MREE =T THIR, S
GREL. DREEEE . MR IR SUE)TEE . IRE)TE. EMLE . IREMWMLE . TR ML
EMEMRLE (1) XFEIAEE REE R, S AR WAL YR T8 5 1F
o TR, I EESE T AL S A SO BT Y 874 Fh 2R 0 R Gk B AL ORI FHREIR 43 32
BUE R E R RO R ), e 23K S 2K R L F B4 % (http:/
birdtree.org/) ",
23 WHENEES

ARSCGE LIRSS ] (s {2 B 25 ) . KR (R AZE TR
SREE) RIS BRI TIAT YE I as B ) fe et i X A3 i Ak K7 38T 5 5 X8
# % FI MODIS 4F i 4 b 3 5 7 i MCD12Q1%", 43 #F 3 500 m, Hdi i B fy 2012—
20204, BEFEEPRHIERA YR TR (IGBP) 43280720, FRECHS A 5% 3t 5 o IX dak

K1 BEWESFERSMERRR

Tab.1 Description of the morphological and life history traits

Vi At & X fi# % BRI
AR ok 111 B3 EL AN S22 SCHR[28]
YR PN (g) S 3CHR[28]
i IR (g) B 3CIR[28]
(IS ALK (mm) Birds of the world
AR S B I I ) B R
e EE AR BB HR0)
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fobE—ge ol Rtk AL | Ak o
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(R IBKH d = 30%) o A 145 2SR I T WORLDPOP 4EJE A %35 B TP OB, /e
A1 kmx1 km, FHETE A 2012—20204F (https://www.worldpop.org/) . VIIRS #Z[H]£]
WRIEAEOY X H BEREH1T 5 B (https://eogdata.mines.edu/products/vnl/), 3K752012—2020
AR FER AT OESRERAR, RN 1 kmx 1 km, JTOEEHE O i mas S s (neki
AT R ) B,

T VCREC SN 5%, SRR R /D ROB R R B e IR 22, A SGHR A
WL A5 ke 2% DX A 3T 5 SR X
GHL ADTSE MR T A S
FE o ASCHHR B YFTER AT 61 ARG |
FEAHE LB R 8, DRI o] i E
BT I IE R bE . b T IR ok il
B PR FIRAE 22 5, AR SO A0 1> WL DU »
Ho O S AR T R R 08
TER AT G- X5 B b 53 A B9 A '
B (B12) o [\, AR plitaE T — P ‘
BASYIRTERCTT 5 @R IX & A 1 001 ol L0 10 100
BESC TS T AL A5 T3 AR AT 1 19 3 PP SAEL @i )
MG (R2). BJE, YOI mo s mio sk T SR R
Dﬁﬂjéﬁﬁﬁﬁﬁ Eizﬁkﬁﬁ*ﬁ (PriHCipal Fig. 2 Night light average radiance-density distributions

B

Components Analysis, PCA), £ F+8 Fx of given species
LAMEAAEREAERL B, T BRI TE
WX KT AR B R — sy R2 BIEVN RS km i XK IR S HE A

.. Ny Tab. 2 Definition of features for measuring birds' response
(Principal Component 1, PC1) 1ENZEE& o
j"é‘f/]? i fiﬂﬂ%é‘%%’@ii}ﬂéfﬁkﬂ"ﬂ%%ﬁﬂjﬁ ) to urbanization in a 5-km buffer zone

. A it A Friizs

2.4 HEISFH® —

. . . . W SESX R 0.13 0.14
241 BIE/HER  h TRk s R AL 5 (%) P 015 o1
2R AR B [A] I A AR | AR SORS B 2% ik 0'08 0'15
Qg!;\;jx + 4 TR L S M) YA . .
’*E/ﬁ/'m‘ﬁiﬁ“%ﬁl% #@:FHE@ o) NCESRE IACTR% 197862 2812.61
Br (R 40209 “corplot” A, E3)o  (A-km?) L 228334 2922.10
%%%‘%Hﬂﬁiﬁ (BM) FipeE (EM) & EREDR 77273 2193.48
.%f}?ﬂifﬁaé (r=0.82, P<0.001) . BT F—— 300 s
WAREBHERTE IS S2 M 2 Ah . AL FsRaE .

e + N (nW-cm?-sr') R 4.59 4.65
O > % S 25 I S GE A1 3 75 i ot ase

i, WIS PR RE AR AR, AT
T 2O R, Siln 2%
T A5 A PR R8T 3 AP ) AR S T A DR R R TR

N TRFEERMREAMRL, ASCAESIIEL (CS) . BRE R (EM) FIAR (BS) XI4UE
e RERn L, XA L [ AR A — AP AR B, DLt (8 B M R B 22
Py Fp e AR R v B SO . e, ACEE N5 T SO I R (C) /UL 7 s KR
(NS). EAb, SO ARSI TAREL LIFBR 52 (fEFR 4.0.289 “arm” £1°),
A T PR ] 4 1 22 0 AR B AR R 2 R/ ARSI O 22K R % (VIF)
Xt P A e (] ) 2 EARNEARSCPEEA TR B (FEHTR 4.0.2 19 “car” £1°) . VIFAFAE{E/NT
<5, RUINFFAEZ H LR

TE TG A S 9 AT A SE B A PCT FifiA o
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2,42 MNERIEYY 1 B G- X — 10
A JRE AT AT, AR SR H AR B 0.8

Hulfem 4% (FHR 40208 o0s NS. ®

0.6
« R [37] A « ” *
Al:/[uMln ‘ 11 DEEE’J j:/drec}g\e Ij] 005 099 C . 04
), RVPERIT RN i |
SR TR e R FUASRISE Yy 010 007 006 CS 0.2
E‘Jﬁ%xﬂ?‘ﬁﬁﬁa—%ﬁﬁ@%° B2, 001 048 050 013 S 0
B4 R RBP4l T 5124 T4, 0.2

ﬁEXAAIC<4E/‘JTﬁ%MﬁZFMEi‘HﬁﬁEXF 0.14* 0.11* 0.12='= 0.05 0.1: DG
SSlIUE SV 0.09 ~0.01 0.00 0.09 0.0 021 BS ‘ . 04
243 MANRGZBESH K T HIW s S —F

3 T 25 R B DL R gy, 012 00 -0.03 0.00 023 021 048 EM .
() 7 2 75 22 B LRI S O BS I, —0.12 ~0.05 —0.04 ~0.05 0.14 0.18 047 082 BM
ARSAEH 4 Fh R G5 T 8 EOF 5350 L0
TH3E M DA R B E S TN A E T FHG UL . CS SL0050 NS WL 5 .C UL vk
T EASGRTFEEeY KT EMEI@%DGE;@I;%}%;%%W%%%\S%ﬂ%iﬁlﬂi&%;
FI BRI R B RS A7 10 2% bR TR

W, ASGEFREETIOEE 0 o
AMERIEBA CRIHR MY “phylolm”

A9, NIRRT S RIE A 5 A BRI AR e R I OCHR . RGEA R (4
Brist 2 J& PR AL R ) FEAERGER T T (iR s ml g e R ) RHM
SR A R, ORI S TE T RGAR T AT h G AL USRS A P i 2
R R, a8 IR ok 2 Rt i BT A n] BERY F A2 T HE A TR 1)

244 MANGEXFBEE TN V2L 0HE SIA IR T A AE AR AR 3
W PR farE 5 2250k, AR SRR AR A BRIk 7 ROBE 347 1 JE R oM o 764 R
JE, ASCE R ESRE (15°N~30°N) . H1 (30°N~45°N) FilfE (45°N~60°N) 3~2hE X
AT FERTTRUEE, A SRR IE I, Tl T o VR M 3 A8 R T A Sy S 80 3
AT AT o AR SCEE XA ) 26 BE XRS5 T 1 S 200 5%, DL B A f Ak
FEOEA A ARG Tl AR S AR B T AR RSk B IR G A B 2 Je 2t [l A
HUFFHEA TR R4 347

3

3.1 BREHES

ENGIEE S S UNN € &Sk 1§l e o e =3 1| I UV R & S SN E 7/ AN 5 S
(Carpodacus rhodochlamys, 501K), w28 RHHKY (Pycnonotus sinensis, 211051K),
R A (1084£2317)K . ARG SRFHIER R, AFFPSTEINE & | AF AR K
FABRMZESR . ARSI, SR ENTEEY 158, CFEER 217, KE
JUREZEGNE R, WA R 2 A 8 R EERE I (JERY, Corvus corax) (1),
NI A A e 07 BT X A ) oA (3R 2) 0 ITTE B e RAE 7.279 7 1L RS
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#Y , Psittacula eupatria) , 2&WIiZ W) B 3 T 20 55 BoA 1R & W 52 0, 7E TR m M0
(Phylloscopus hainanus) A0 sEEARE-0.799, 3 BH HIE A SCHh s i I M AR A
32 FRGEEZEUAT SEEHUmMIE T 5

Md FHEHE R G L B AT AL 5 8RR S 300 T 38 P IR, BRI B 25 2R R
M) 5 26T I T A e 07 1) B 2 I ARRAIE. (IRUCA AR TEAR RN R AR P 1) A S IR 4L
(0.13, <0.001). B/NAYERER (-0.13. 0.006) FJ ZHIEME (0.07. 0.024), IL4h,
T IR EE R AL SR 25 L TR TR S (0,13, 0.001) . S5 ZAHLE,
i€ (0.54, <0.001), EEY (039, <0.001), &MES (024, <0.001) FEALH
EREIRAF A28 (041, < 0.001) FEBRTT AR JREL T S mm sz B (83),

R3 FRGAENMRGZRBERRANEREHER

Tab. 3 Results of averaged model for the non-phylogenetic and phylogenetic analysis

ek ERGKE BT RGBT

Estimate Std V4 P Sw Estimate Std V4 P Sw
A3 SR
lg 53 U4 0.13 0.03 4.07 <0.001 1.00 0.19 0.04 435  <0.001 1.00
lg B & -0.13 0.05 276 0.006  1.00 -0.14 0.09 1.57 0.116  0.56
lg fAf 0.01 0.07  0.18 0.860  0.23 0.03 0.08 0.4 0.691  0.29
AT
FUR S 0.03 0.03  0.99 0320 037 -0.04 0.03 1.25 0212 044
e B 0.07 0.03 226 0.024  0.87 0.09 0.03 2.60 0.009  1.00
FUHARLF (AR —H T 2 1)
FUR— 56 0.13 0.04  3.40 0.001  1.00 -0.03 0.04 0.60 0.547  1.00
HUR—FAl 0.06 0.06  0.98 0.328  1.00 0.08 0.05 1.79 0.073  1.00
SH—H 0.04 0.07  0.56 0.575  1.00 0.21 0.07 3.23 0.001  1.00
Fr—sKil 0.05 0.05  0.86 0.389  1.00 0.07 0.05 1.41 0.157  1.00
BT AR 2B 2 )
E—aE -0.12 0.05 2.57 0.010  1.00
it 0.05 0.04 1.13 0259  1.00
aH—anRt 0.07 0.06 12 0229  1.00
FEHERAF (LR RE—R & 2 1)
EHE—IR S 0.54 0.08 7.19 <0.001 1.00 0.32 0.07 485  <0.001 1.00
i —HAh 0.41 0.04 930 <0.001 1.00 0.36 0.04 976 <0.001 1.00
T E AR 0.39 0.07 540 <0.001 1.00 0.07 0.05 1.40 0.161  1.00
4% 0.24 0.06 4.06 <0.001 1.00 0.08 0.06 1.39 0.165  1.00

FE+ Etimate JoERE LSBT SRR 20 2 51 PRI 5ok T EUAT 595 e Sw A P SRS
TGS, I TAERE R EHRGELE /T, P TR B AL 5B i, SO H MR PR
3.3 ARG X EMNA T ERBHHMEEXHRN ST
B 25T 30k T AL A IR Y 55 Moran's 1, Abouheif's Cmean fl Pagel's A5 2 G A B 5 5 2
FHHE (F4), RLEMWATENEERGE KB R FAEEAERENL MBS . Ak, 5
BRAS . DN E AR SR A TR AR TE R G H BRI TOmAHDCHE, TSR SR
FAESMFEE RS R T AR b E R A T S RRIE G A
FEFIERGEATRLWIE, BRMEME (019, <0.001) . Ke) K (0.09,
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R4 METEMEENTNEENRRELBRESAH

Tab. 4 Phylogenetic signal analysis of dependent variables and continuous independent variables

B Moran's / Abouheif's Cmean Pagel's 1 Blomberg's K

Statistic P Statistic P Statistic P Statistic P
T P 0.200 0.001 0.201 0.001 0314 <0.001 0.054 0.188
lg 5 I% 0.544 0.001 0.546 0.001 0.791 <0.001 0.153 0.001
lg BP E i 0.851 0.001 0.851 0.001 0.931 <0.001 0.950 0.001
IRINIS 0.824 0.001 0.825 0.001 0.953 <0.001 0.459 0.001
HURRE 0.359 0.001 0.359 0.001 0.640 <0.001 0.060 0.006
W) R 0.405 0.001 0.405 0.001 0.670 <0.001 0.038 0.564

. Statistic NGETTHE ; P < 0.05 2 I7E 5%7KF T HA B &,

0.009) . ik (0.32, <0.001) FEAZFIEHEMRL I (036, <0.001) J59R2 m=Ik
Wiz S FEFH R, SRR o & . RS MAE SR AT R E . fEFHE
Pt b, W SR AT R B, BRSO AR R AR TR = 28Ik
Wiz W EZFZE (0.21. 0.001), BLAb, EHPES 25 29 B SR b3k il ok oy o F B
T REM R OCEL (-0.12, 0.010),

3.4 SHZTEIRETSEEH LM ER R EES

BEWRIEM, ERGELEE I EAAEP SR, WOk & 55 i
AH O XT3k T PR R B S T A2 B (2. 0.31, 0.002; H4hfE: 0.16, 0.014), It
Gh, HERBE AR ERERIUE B . B RS 55 E SAH S T A7 B A A R A
* (012, 0.026), TWEH SR EE T ECE (-0.16, 0.016), FTRLHE X,
REM T BRI 22 5 AR E, SRR T B0 28R 52 ) E SRR . M
BTHY, &S (048, <0.001)., &f%5 (023, <0.001). K (0.63. < 0.001)
MEA Z AT HERIF 0525 (037, < 0.001) SIsifhmm $5hn B EE 1 538 A9 1 7] 56
I (Blda), ZIBERGERKEHWG, WO R 5 5 A L S A LA 26 B X R
BE MWz ) (034, < 0.001) . X TR EIX, BRI (P
020, < 0.001; fKZEE . 0.10, 0.016) ., REE A FHER ERENE (PLE. 025, <
0.001; K& : 0.26. <0.001) FZAEA TG (hLhRE: 0.15. <0.001; %
2. 024, <0.001) BCH TN SRR TN AZ I EEN R (Kl4b).

RA BB T, ARG K E 43172 BB e A 570 41 55 5 1l 1 0 81 5 A L XS L Y
PRI R B TR A2 (0.21, 0.003) . [RIEY, AR S A E T A H S T i A2
NEBFERAR KK (-0.20. 0.007), X5 EARIMEERMAc. XTF LGNS, ke
JUREE (0.13, 0.011) . BIERM RS (0.20, 0.008) FIEA 1 I bk 7 BRI ) v it A2
Jio M, B RS T2 B X MR N Az (0.17. 0.003) (Kl4c). HER
GERB WG, B2 W6 BN T 3 A3l Py T = 3 71 i 37 7 S 28 i B B 3R
(dbxt: 023, <0.001; E¥E: 023, 0.011; J . 0.17. 0.020). [FHEf, RETE (L
#. 021, <0.001; J7M 022, <0.001) . BEFSHFHASERESE (Jbal. 024,
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Tab. 5 Best models of non-phylogenetic and phylogenetic analysis based on AIC criteria at different scales
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Urbanization responses and adaptation of birds in China
based on citizen science data
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Abstract: Bird diversity is facing a considerable threat. The existing studies primarily focus on
local or regional scales by relying on categorical variables to classify birds' urban tolerance.
However, they tend to neglect the evolutionary relationship between species, leading to
inconsistent and sometimes contradictory conclusions regarding the response of bird traits to
urbanization. Therefore, our study attempts to supplement the previous literature by using the
above deficiencies as bases. We integrate 952,036 citizen science observations of birds in
China from 2012 to 2020, along with various continuous measures of urbanization, such as the
proportion of built-up land, population density, and night-light intensity. From a phylogenetic
perspective, we explore the urbanization response and tolerance of Chinese birds on national,
regional, and urban scales. Our findings reveal that birds with large clutch sizes and generalist
diets are the most adaptable in the urban environment. Moreover, phylogenetic and non-
phylogenetic analyses present inconsistencies, indicating that the evolutionary relationship
between species conceals the expression of several traits in urban tolerance. Birds that nest on
architectural cliffs show high urban tolerance within clades. In addition, the decisive factors
influencing birds' tolerance to urbanization vary across different latitudes. High-foraging birds
perform well in high- latitude urban environments, whereas insectivorous birds exhibit high
urban tolerance in mid- latitude areas. Migratory birds show strong adaptation to urban
environments at low latitudes. The above results confirm the importance of considering species
evolution and diverse continuous urban measurement in studying the relationship between
various birds and urbanization. This approach helps us adopt differentiated protection strategies
for birds in the context of rapid urbanization. Several measures can be implemented to mitigate
the adverse impact of rapid urbanization on birds and promote harmonious urban design. They
include protecting the existing trees and buildings that serve as nesting sites for birds,
increasing the presence of shrubs to provide suitable habitats for ground-dwelling bird species,
and implementing strategies to control predation risks for ground nests. These efforts contribute
to optimizing urban spaces and creating a favorable environment for bird populations.
Keywords: bird traits; urbanization responses; citizen science data; phylogenetic analysis;
China



