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Abstract

Urbanization and the biological invasions are reshaping community composition,
reducing biodiversity, and driving global biotic homogenization. This study investi-

gated how urban habitat characteristics were associated with the species diversity and
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trait composition of breeding birds across a range of urban environments in the Taipei
Metropolitan Area. Our aim was to provide scientific evidence to support biodiversi-
ty-friendly urban planning and strategies to mitigate the loss of native avian diversity.
Bird surveys were conducted across six habitat types along an urbanization gradient,
and spatial regression models, RLQ, and fourth-corner analyses were applied to assess
the effects of habitat variables on bird diversity and traits at both landscape and local
scales. The results showed that the species richness and abundance of both native and
alien birds increased with greater agricultural cover and landscape heterogeneity. Native
bird species richness and abundance also increased with vegetation height, likely due
to the greater availability of natural food resources and perching sites provided by taller
trees. In contrast, alien bird species preferred areas with high impervious surface cover
and riparian lawns, while avoiding habitats with taller vegetation. This pattern reflect-
ed the ground-foraging behavior of dominant alien species, such as Columba livia and
Acridotheres tristis. RLQ and fourth-corner analyses further revealed that areas with
higher impervious surface cover were associated with bird species that nest in artificial
structures, feed on human-provided food, and exhibit broader dietary breadth. Converse-
ly, areas characterized by taller vegetation supported a higher proportion of frugivorous
and canopy-foraging species, reflecting the structural complexity and resource avail-
ability provided by mature vegetation. To maintain taxonomic diversity and trait com-
position of urban bird communities, this study highlights the importance of maintaining
semi-natural landscapes, such as agricultural lands, forests, and grasslands, within the
Taipei metropolitan area and promoting landscape heterogeneity. Enhancing vegetation
structure complexity in urban green spaces can support native bird communities. More-
over, reducing anthropogenic food sources in urban areas can limit the resource use and

population expansion of dominant alien bird species, thereby achieving the dual benefits
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of invasive species management and native bird conservation.

Keywords: native bird species, alien bird species, diversity, functional trait, urban gra-

dient.
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U o3 AT S 3R A — A S e
A T W A R A 132 T R H 7
THERBEEN (B 2) - NAREY -
s it 5% 8L (r = 0.205, p < 0.05) > HY

leuca



BABERY) (r=0.194, p <0.05) 81
=HIAR K S B AR -
KiZHamSEERSEHEER
& IEAH B (r = 0.206, p < 0.05) » [
SRy IR B A B R 7 S 2R
FUHEA (r=-0.146, p < 0.05) * FifjedfH]
BB SEE)EZE (r=-0.195,p <
0.05) ~ BB ZE (r = -0.188, p < 0.05)
SARE AAERA - T S B
BB SEEH MR (r=0.356,
p<0.01) -

& RLQ BT £ o3 M7 1 7 S 48
BEIAAE ANTE 3 0 AT e e g B
0y R T MR IR 2 BB T A B (AR B
ZHERHERMESR - B FIAA
RV s - NeEREXANEE
Y~ e B B E o DU E TR
FESE - B1RLQ Z5 1 Bl AH B Y 45 S 55
T EWHREBRAN B AR S IE S
& (r=0342 p<0.001)~ EAKHYE
M (r=-0.163 > p <0.05) KA/l
EE (r=-0.185 > p<0.01) B > HEH
B HERE (r=0.236 p<0.05)~
PR & (r= 0363 p<0.001) &l

B/ B A (r=-0.236 0 p <0.05)
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578 o B RLQ £ 2 il AH B 1Y 45 57 Il
HUn SEMEARSKIRESE
=0.107> p<00l) EMEHBEE =
0.240 > p <0.001) ~ &/ DRIEK/GE
2 (r=-0305 p<0.001) % > EAHE
DRI NSRS (r =-0.178 » p <
0.05) ~ LB AFHEY) (r=-0.168 » p <
0.05) K& MEREE (r=-0.180 » p <0.05)
A S A -

HET

AR FEUARAEAL T AT EZILH
& BRI MAVETE SRR 0 I
W 7y JR AR BN SR &SRB > b
RSTEALE BRI 1 AR IR R
#wEAE > HIFEBSMR S A (R
4 ERSRH IR - EEPENT
B EE ST ~ N EKEEE R
A& o FAESEHEEEEEGSE
ST BT o TSR SR A R e
VIR ¢ IS > SR B RS
K8 & RO | B & = R (]
AR AT E AR I o (AR > B
s SR RE T - A B
RS ZHEMEY BT - FEMR



JEi b SRBRANIEKEE S
AR - SRR N - g
ANHeYL B REaEHEENS
T B S EE S Y &I
ARG aRMREMEEREN S
- GEME  Aseiss 7 2kEl
R RRE AR Y SRR R
o E— S 2R EILE & ST
A T S RE Y S - B A5 R
NMEHIMRIEEH B A EEEW -
R FEEN A YA B T A S LR A I
A SIEL R MRS - f2 0 TRASEAVR
EL{1E (Petersen et al. 2020; Patankar et

al.2021) -

— ~ EHEEEER A SMREHE
Bty RER M

JF A S R L B s A o e SR P
AOTfiEE N - R - RS LR A
BHERY - RUEEMNESFERA
% (del Hoyo et al. 2019) > H. ¥ i1 £#
USSR AL (Evans et al. 2009) ©
AT o S AR R ] = 2 = A
5 > MR G (L il Bk = KU
el AR B & R A SRR A A A IR R
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Newly naturalized species: Argemone ochro

7o 0 B LAt AR T B ST FE R s Y At
KE[E ~ BIRESE MR B
% 1% M Y &5 S AE F (MacGregor-Fors
2008; Villasefior ef al.2021) = 1 #
T AR EERF AN EKEEER S
HYERIRE BUE = 0 AEAE o= R
i HY & S fdE 4~ 882 )8 /) (Chang er
al. 2017; Arévalo et al. 2022; Lin ef al.
2025) © iEHI 5 Al RE LI SEIE I N (B2
SRS TE - AEFES ~ 22 /\EF - AR/
HFRAEREE  ZUMEEE BT
A TEE MR o BIELEENE
AN i 7K g 7 25 v Y AT T S e B R Y
BRI TR R BB 2R  ZR1
RS S AE MR RR I » b P A 25
TEEMEREE EH) -

2l gESERES - BEE
HS o MREEENI - BRI
HIBR A4 BN R BRE S M BURE IR
SE - EEESHIREA N B E
7% (McKinney and Kark 2017) © 7 &
R I AR B TR A2 AN AR A= 2 B Y

" AW GG | (Biotic acceptance
hypothesis, Stohlgren e al. 2006) * f2[T]
bR TIEYI& 2 Fh - &8 $R i A [H]

leuca



JARIE IR (Batary et al. 2020) » B4 ¢
B R S B R SR - ik
B B BRI o 22 SR AH AR Y R R
HLE A YR A VE A S TR &
Yy~ HATER 0 0 kA R E
= E RV - RS RS
BRCENY) - R SR s T 2%
BEME (Batary et al. 2020; Li et al. 2020,
Petersen et al .2020) « B B2 bt & £
EERT RH - BEIEAKRE - KH
K S TR AR AR /K a3 g,

SPKEE B SETE - EE RS
ZRRME -
gesh > R EE SR

% IEAH A (Lorenzon et al. 2016; Lu et
al. 2024) > &I T H R LERERYRUE -
i A R R AR SRR (LAY it
FIFA Bz E s R - MBS [F)E e (i
Y AR RRIRAL - AR AR AT
(Katayama et al. 2014) ; H 7 HR[E&E
R R R SRR [E 0 B B4 5
BRPRE IR - B o T S fet e

HEr S > Sk s N5 NE - 18
AW R R EEEHEREEE
WS EEIEAHRE > RILfEH 5 S E g
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e YRR & 7 T RE R 22 H9 %5
R EE AR S -
EHEFEENE  FEBENEE
WE A &K g A hm Bt 0 s —
el M L BB 4 S E )
HIMER R A FF - HE3RE 52 0] gE Fw (RS /D
s T e\ R IR IR AR B A
ERSHPENS » FEED T AJHEE) &S50
SVEVITEIR - BH B KRR
eI femeEEL PEFEAR
AR THIRE RN AEFEESR S
(Palomino and Carrascal 2006; Paz et al.
2024) - iELEEE R NE T TR
W ESEE » DARAIMRIE B D E R
A S AR T ER B A 2 P R -
Wgefa - &R A BN /K80
BRI BECRE S REKEEY) > B
INRREFRAKERE - FHEAER
HIERIE - MR R M R R 4H
B¢ (Lin et al. 2008; Chang ef al. 2017;
PRI
RIFE &SRB/ KIS E 0 R S E
HEZAMM - A se BBt avaL
ok 0 [E] SRR R - RAASE S
RPN LS » SRR &S

B

Shih 2018; Dong et al. 2023) -
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FASEARME ~ BH ~ RS #ih A
CABEETE R R
R RGYARMERE - Kt R
S KISER R Y R A B AT R &k
AR MR - E G IR B Sy S A
PR A BRI SE A AR -

T SR SRR IR AH R T
# T ITE DU SR Y BLE P E
+ 3t 78 LE I R & AL AR R Ay 45
f% (Syrbe and Chang 2018; Hastedt and
Tietze 2023) » HF N EKEEEE
= MBS (R AR S R 4
JE& (Sol et al. 2020) - EEFE—{H Hh &
BRI . T2 FHEL H AT RIR
HLE AW 8 EMIPRE
i A= ) BE B (Lizée et al. 2011; Ikin
et al. 2012) o 75§ ¥R [E & T IR
RLQ tHZefa it » fEmEE i bE s, -
SRR EBLUN A RE -
HEERN R B MRS HEE/D (Ikin
eral. 2012); BIHEEEEHEKS
(Stukenholtz and Stevens 2022) ; #F [H]
EH - A AMEERD - HE
S e Rl T SN i (Mayorga
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et al. 2020) ~ DL R 78 1 & & R %
(Chin ez al. 2022) <

BAIEAEEL - AIAREEEITE AN E
K E B E A - A A Ry
SEE - e NEeYM A EEE
RN SR % - bR A T R
B R IR BV BLE LAY K /D (Geslin
et al. 2016; Narango et al. 2018; Seress
et al. 2025) > 5 EERA BN S HH AL
Ty 0 JE = FE T T ALY ER R © B30 > B
BEASEYHEetEERENSE
WEFES ~ BREEPENG KRB » BE A
MAE T o2 F e EARR S R &
) (Jones and Reynolds 2008; Ducatez
et al. 2015) > BL¥E N B & ~ frdf
TTHEB SRR L RETE R E - &
PERET ~ RIS o DLRBE R B
Y1 BE B % (Jones and Reynolds 2008;
Coogan et al. 2018) ° LA » ¥4y B HE
WK H ~ WEAEFR] (Columbidae) ~ /\EF
¥H (Sturnidae) KSR S > HIlEH
BIE - G5 - 4Lk E B IME 4R R
FNEEEEG BT Rise Rt
il W T AR ER - R
LRI (Melles ef al. 2003; Reynolds



et al. 2019) -

ANBH 5T R REA L R AT
AR SRR E BRI E = S
M R FERE WK PSR AR &
e TR B A EESE
EHYEERE - H B TS B A T Y A
(Akay et al. 2009; Poorter et al. 2024) ©
02 e HYRE A 3R B PR B B 77 A
(Peper et al. 2001) » A EAEAE K E
SRE - INRHMEEE - e R g
SRR A REET (MacGregor-Fors
111 %
SILURE R & R AR AR E R Eary
E,f# (Shanahan et al. 2011) °

2008; Minor and Kobe 2019) » #

Galbraither al. (2015) YIS 22
FIE T R AR e T ROUE T BT
EXZHRY 0 Sol ef al. (2012) Hf5 H fiE 5
= XEEGEEER M aY) - &
e 5 | —Ee gl i R 4 S fE MR S FE
DIFIFT o AW S 8 R B e AL A KA
BHVERSTE  (HEEEEE SN
IREY AT » BRI R B K G S
=EE - e NEHEYNEEEE
A EFR#EE - Mg g mEEA
Fo GBI SRR BB IR A A VE T
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R o R ARG R - REH
i SBAEBHITTEEHAASHRE
TR ELEB B A R B AT
VARt
TERFE A » HP R S 18 AL 2
TEE TR E R 25.5% @ HRINKE
EAZE HERR A E I 5 EAE4R
GEBASEEE A S
WS AEEE] TR | th— iR e
T {r] B — 158 3 58 B ] L R = A o
M o EES R AT RE R E A I T 42 F
FY 13 FE AP 2 S A 77 AL PR IR AT 2
IR > HLMOAR DL T AR
—IRE REERRE - BREIAIKSE
T B B — i It S 2 R Y R 5 o B
THESA SN (AN Erah e /S
) miFEtE B e - 2A0NA R
Tt BB S TE - WIERYE (Copsychus
saularis) Bl 5 & &5 45 (Copsychus
malabaricus) » B {7 4 7K B & HY 15

t
3RS I e S A T oS [ 2 2 it
5 B R A A DU — S
G - SRR R TR I A 50
Tl S A MR SRR B AL 8 b

K2 B2 B8 (Threskiornis aethiopicus)
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iz.

(Petersen et al. 2020) > FENILLE EEE
I .

= #HERE SRR Y ER
AR5 o 2 IR E o I BT S
BRI R M > R AR 1 - 3R
R4 BB R SRS T LA b
AR 2R 2 5 DURE T
PNV LT b )= U G NG e A A
TEsSEE o 4B LR 3 E Ry AR AR A i 3 &1
LSRR T BASHYRIERREE
HE AR ST AR 1 s BRI -
L 4RI INGE - 5 A R &
RIFTEBETIRER S - M sER
RS E R R4 S
BRI - BT 2l R
FERE AR 0 O B R HH ~ ARMROR Lot
FEHAMR SO SRS
FERE] o B N ERR IR IR AR
HE EEYIARIE - 5% 8t B 5 e
Fff (Matthies ef al. 2017; Arévalo et al.
2022; Lu et al. 2024) » JNE B4R
G BITIEE p 2N R s S
LR A B EYFEINE L (Fu er al.
2025) °
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WEINER Akt = S JRAE RS
T R = R s B & o R

ARALED T A E ~ B ELY R HoAth 2%
[E - FHIE SRRV R ELE R - B
TSI FEE (Paker ef al. 2014) -
=R G EIR AT IR A ETE e R A
BEREEERRNEEZEMEEY)
[ERF AR HE SR LB B A & (Shanahan
et al. 2011; Minor and Kobe 2019) - F
HE BTN EE L EELEE A
JRAEEY) DR ERITE(LEE T
¥ B aR S R EE A Y AR S
f# (Burghardt et al. 2009; Aronson et al.
2014; Narango et al. 2018; Seress et al.
2025) e

SR ST RS -

L HA M (R B R
WrFess RN R R A 2K G EE
=Y E ISR E Y > HEEREE
W= FE RGN R - SRR AN A S
FEEILE g AL B S E R
VAN NS RN E -3t A

sho | WS L EISIE MIME A & » 2K
PR Al e 4 G P it Tl R e Y/ AR AN B

25.5% » i i i@



AEELTY )\ EFIN EE)ZE[H (Grarock ef al.
2014; Paker et al. 2014) -
PREIN B BRI BEIE © 5E4s
REUR > NEKBEER S EEH
W e NHEeEY) e EERE
HISHE o« FHMESAYIMRETE (AN8FER )
SERBAREENRY)  EEE
PRAEIHER B 1T R R hnsa b g 8
Sk DA AR SRR AT D T I ELE Y
o JEH BN E R A8 S HMLARIEA
Hey SEEE 2 (Krimowa 2012;
Lim ef al. 2023; Chen et al. 2025) » #
s D N B G B SR AR 8

1=y
Eﬁj gEIB °

St
[TV NRT7 )

A RN O 1R~ PR ~ TR
> TR A0 A AT 9% R U S B B
HEE B DR EEZ B RS
(T B ek - AT R 2 B A
[109AS-10.6.1-FI-G2] Kz [ 58 FH 22} 4%
it & B & [109-2621-M-002-006-MY3
and 112-2313-B-002-013-MY3] £ 4% &
SR e
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Table 1 Definitions and scales of habitat variables used in the analysis, including local-scale (within 60 x
60 m’ plots) and landscape-scale (500 m radius buffer) habitat variables

Scale Variable Acronym Definition

The median vegetation height within
each plot was used as a proxy for local

i ) vegetation structure. Taller vegetation
Vegetation height In Veg

(m) height generally indicated the presence of
m eig

L mature trees, while shorter vegetation
Local (Within

60%x60 m?
plot)

suggested more open ground or less

developed vegetation cover.

Tree cover was defined as the

| proportion of vegetation equal to or
n
Tree cover (%) T taller than 2 meters within each plot.
ree
Higher values indicated greater canopy

cover.

Forest cover was defined as the
Forest cover (%)  Forest proportion of vegetation with a height

equal to or greater than 2 meters.

Grassland cover was defined as the
Grassland cover proportion of vegetation with a height
Grassland . .
(%) less than 2 meters, including areas

dominated by tall grass or lawn.

River cover was defined as the
River cover (%) River proportion of rivers, streams, and other
Landscape water flows.
(500m buffer Water body cover was defined as the

around each Water body cover Water proportion of area occupied by lakes or

plot) (%) body ponds, whether naturally formed or
artificially excavated.

Agricultural cover was defined as the
Agricultural cover . proportion of land used for rice and
Agriculture .
(%) other paddy crops, dry farming, and

fruit tree cultivation.

Impervious surface cover was defined
Impervious surface Impervious  as the proportion of area occupied by
cover (%) surface roads, buildings, schools, and other
public facilities.
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Table 2 Mean values of local-scale or landscape-scale habitat variables across six habitat types in the
Taipei Metropolitan Area

Local scale Landscape scale
Habitat type Vegetation  Tree Forest (%) Grassland River (%) Water  Agricultural Impervious Landscape
height (m) cover (%) (%) body (%)  area (%) surface (%) heterogeneity

Forest 10.16 96.24 67.85 6.80 0.23 0.40 0.01 24.71 0.74
Agricultural lands 1.03 6.09 9.69 24.71 10.42 0.80 22.75 31.64 1.17
Riparian lawns 1.38 6.80 8.05 25.55 21.48 1.24 0.07 43.61 1.16
Urban parks 6.10 58.49 11.51 9.20 1.42 0.56 0.00 77.31 0.69
Multi-story buildings 3.49 7.94 8.17 9.18 1.10 0.41 0.72 80.42 0.61
Commercial areas 0.96 1.89 4.42 6.79 0.80 0.21 0.02 87.76 0.44
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Table 3 Functional traits of breeding bird species, including trait types and data format for morphology,

diet, foraging stratum, nesting location, habitat breadth, and alien (or native) status

Traits

Types

Description

Data format

Alien status

Alien or native

Alien birds referred to species that were introduced Binary

to Taiwan and were not native to the region.

Body weight Body weight of each bird species. Continuous
Bill length The distance from the tip to the base of the bill
Morphology ; . -
) The distance from the carpal joint to the tip of the
Wing length ) .
longest primary feather on the unfattened wing
Included hexapods, spiders, annelids, molluscs, Proportional
Invertebrates ]
crustaceans, multipods, and plankton. values
Terrestrial Mammal, bird, reptile, amphibian (0~100%).
vertebrates The sum of
Fish Fish all items
Diet ; .
Carrion Animal carcasses equals to
Food remnants ~ Human food remnants, supplemental food 100%
Fruits Fruits
Seeds Seeds
Nectar and leaves Nectar, flowers, leaves, or other plant material.
Diet breadth Number of items present in the diet Count
Aerial Foraging in aerial. Proportional
Aquatic Foraging under the deep, shallow water, around  values
Foraging the water surface, or mudflat. (0~100%).
stratum Canopy Foraging in the canopy, or middle layer in trees, ~ The sum of
on the trunk. all items
Understory Foraging in the shrubs, or tall grass. equals to
Ground Foraging on the bare soil, or lawn. 100%
o Nesting in artificial structures, buildings, or Binary
Artificial structure = .
facilities.
. Nesting in unused tree holes, rock crevices, or Binary
. Cavity
Nest location hollows.
T Nesting within the foliage, on the branches or the Binary
ree
trunk.
Understory Nesting on the shrubs or tall grass. Binary
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Soil slope Nesting in the soil slope without vegetation. Binary
Ground Nesting on the ground. Binary
The number of habitat categories per species was Count

Habitat
breadth

defined based on IUCN habitat classifications,
including forest, shrub land, grassland, inland

wetland, rocky area, marine intertidal area,

terrestrial artificial area, and aquatic artificial area.

% 4 R M AT e

Table 4 Pearson correlation coefficients among habitat variables Highly correlated variables (r > 0.7) are

assessed and shown in bold to reduce multi-collinearity before inclusion in regression models and

trait-based analyses.

Local scale

Landscape scale

) Vegetation Tree Forest Grassland River ~ Water  Agricultural Impervious Landscape
Variables height cover (%) (%) (%)  body (%)  area(%) surface (%) heterogeneity
Vegetation height (m) 1 0.86 0.70  -0.42 -0.31 -0.15 -0.20 -0.21 -0.23
Tree cover (%) 1 0.79 -0.37 -0.32 -0.10 -0.20 -0.30 -0.15
Forest (%) 1 -0.26 -0.28 -0.10 -0.12 -0.58 -0.04
Grassland (%) 1 0.50 0.37 0.10 -0.41 0.75
River (%) 1 0.22 -0.03 -0.32 0.62
Water body (%) 1 0.10 -0.22 0.4
Agriculture (%) 1 -0.44 0.21
Impervious surface (%) 1 -0.61
Landscape 1
heterogeneity

Highly correlated variables (r > 0.7) are assessed and shown in bold to reduce multi-

collinearity before inclusion in regression models and trait-based analyses.
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Table 5 Results of spatial regression analysis examining the effects of habitat variables on native, alien,
and overall bird diversity metrics

Local
Landscape scale
scale
Impervious
Response Vegetation Agricultural River Water Landscape
Bird species surface
variable height cover cover bodycover Heterogeneity
cover
) Overall - 0.83" 117 - - 2.06"
Species
richness native birds 0.10™ - 0.17"" - - 0.24™"
alien birds  (-0.24)™  0.59" 0.18™ 0.22™ - 0.29"
Overall - 0.33" 0.12" 0.12°  (-0.12)" 0.33"
Abundance native birds  0.12" 0.29™" 0.13" - (-0.14)™ 0.38™
alien birds  (-0.33)™"  0.83™" 0.20" 047 - 0.41™

The table presents estimates for significant predictors only (* p < 0.05, ** p < 0.01, *** p < 0.001).
Metrics for overall bird species (native + alien) are shown in bold.

114



S B EAVSIERREM

72 6 RLQ 73 frédiR > i EBREEE (R), BFEAK (L), and TAEMSIR (Q) #£ RLQ 7755 — ~ il
FERE
Table 6 Summary of RLQ analysis results, showing the explained variance of environmental variables (R),
species composition (L), and species traits (Q) along the first and second RLQ axes.

Total inertia: 1.318
Projected inertia (%):

Ax1 Ax2
58.68 37.79

Eigen values decomposition L:

elg  covariance correlation

eigl 0.773 0.879 0.339
eig2 0.498 0.706 0.322
Inertia & coinertia R:
inertia max ratio
eigl 1.647 2.346 0.702
eigl+2 3.332 3.576 0.932
Inertia & coinertia Q:
inertia max ratio
eigl 4.094 5.210 0.786
eigl+2 6.937 8.777 0.790
Correlation L:
corr max ratio
eigl 0.339 0.696 0.486
eig2 0.322 0.524 0.615
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Fig. 1 Location of the study area within the Taipei Metropolitan Area, including both Taipei City and

New Taipei City. Six habitat types were selected along an urbanization gradient, including

forest, agricultural land, riparian lawn, urban park, residential area (multi-story buildings), and
commercial area.
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Fig. 2 Biplots from the fourth-corner analysis illustrating significant associations between habitat variables
and functional traits of bird communities in the Taipei Metropolitan Area. Positive associations are
shown in red and negative associations in blue. Habitat variables and species traits are represented
by triangles and circles, respectively.
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Fig. 3 Results from the combined RLQ and fourth-corner analyses displaying significant associations
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in_Ve
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between habitat variables and functional traits of bird communities in the Taipei Metropolitan
Area. The left panel shows functional traits significantly associated with the first (AxcQ1) and
second (AxcQ2) RLQ axes, while the right panel shows the corresponding habitat variables (AxcR1
and AxcR2). Red and blue cells indicate positive and negative associations, respectively. Only
statistically significant associations are displayed.
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Appendix Breeding bird species recorded and their total abundances in this study.

Family Family (Chinese) Species Chinese names Native/Alien Abundance %
Accipitridae  JEF} Accipiter trivirgatus ElHEA & Native 10 0.089
Accipitridae  [EFR} Accipiter virgatus A Native 1 0.009
Accipitridae  JEF} Elanus caeruleus s Native 1 0.009
Accipitridae  JE&R} Milvus migrans 2y Native 1 0.009
Accipitridae  [&F} Spilornis cheela Kt Native 2 0.018
Alaudidae HER Alauda gulgula INEE Native 6 0.054
Alcedinidae EEF} Alcedo atthis EHE Native 1 0.009
Anatidae JERERE Anas zonorhyncha CHETE Native 1 0.009
Apodidae PR} Apus nipalensis VNSRE:® Native 59 0.527
Ardeidae R Bubulcus ibis IHE Native 225 2.009
Ardeidae B Egretta garzetta INEEE Native 16 0.143
Ardeidae R Gorsachius melanolophus Bt Native 53 0.473
Ardeidae B Ixobrychus sinensis /N Native 1 0.009
Ardeidae R Nycticorax nycticorax W Native 27 0.241
Caprimulgidae 75 &R} Caprimulgus affinis PR E Native 1 0.009
Charadriidae  fiF} Charadrius dubius AN Native 9 0.080
Cisticolidae ~ FRREEF} Cisticola exilis HEREE Native 2 0.018
Cisticolidae  FEER} Cisticola juncidis HEERE Native 11 0.098
Cisticolidae  FREERH Prinia flaviventris PREE R Native 17 0.152
Cisticolidae ~ FREEEF} Prinia inornate IEUEREE Native 52 0.464
Columbidae  MEAEF} Chalcophaps indica TR Native 5 0.045
Columbidae  MEASFL Columba livia BPES Alien 928 8.286
Columbidae  MEEEFR} Spilopelia chinensis ZRSEBTNE Native 603 5.384
Columbidae  MEAEFR} Streptopelia orientalis EENE Native 188 1.679
Columbidae  JEABF} Streptopelia tranquebarica  4LNE Native 80 0.714
Columbidae  MEARF} Treron sieboldii SIS Native 1 0.009
Corvidae v Corvus macrorhynchos B Native 3 0.027
Corvidae TR Dendrocitta formosae i) Native 167 1.491
Corvidae R Pica serica =i Alien 143 1.277
Corvidae i Urocissa caerulea S Native 27 0.241
Dicrurideae ~ BEF} Dicrurus aeneus NG Native 1 0.009
Dicruridae EEFR Dicrurus macrocercus KEE Native 38 0.339
Estrildidae  #R{EER Estrilda melpoda REIHE G & Alien 3 0.027
Estrildidae M EER Lonchura atricapilla MR E Native 12 0.107
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Appendix Breeding bird species recorded and their total abundances in this study (continued)

Leiothrichidae ~ ™:[FF} Alcippe morrisonia HIRERE Native 6 0.054
Leiothrichidae ~ B:fEH} Garrulax taewanus ZEEE Native 1 0.009
Leiothrichidae ~ BEEF} Pterorhinus chinensis FRpEE Alien 2 0.018
Megalaimidae ~ Z2&F} Psilopogon nuchalis HEE Native 226 2.018
Monarchidae FHER Hypothymis azurea B R e Native 37 0.330
Motacillidae ~ #5¢8F} Motacilla alba SEEES Native 3 0.027
Muscicapidae ~ $5F} Copsychus malabaricus [ RESS Alien 5 0.045
Muscicapidae 5L Copsychus saularis il Alien 36 0.321
Muscicapidae SR} Myophonus insularis =S Native 1 0.009
Passeridae iR Passer montanus i Native 2178  19.446
Phasianidae HERF Bambusicola sonorivox — ZENTHE Native 6 0.054
Picidae A B R Yungipicus canicapillus ~ /NEAR Native 2 0.018
Psittaculidae EMFIERERL  Agapornis fischeri EZREEE Alien 1 0.009
Pycnonotidae el Hypsipetes leucocephalus 411258 Native 540 4.821
Pycnonotidae Sy Pycnonotus sinensis HUESS Native 1218  10.875
Rallidae FRZERL Amaurornis phoenicurus = FEFRLEE Native 14 0.125
Rallidae FREER] Gallinula chloropus ALt 7K 2 Native 9 0.080
Rallidae FRLEERL Zapornia fusca sy Native 1 0.009
Sturnidae JUER} Acridotheres cristatellus )\ Ef Native 104 0.929
Sturnidae JUERE Acridotheres javanicus =/ e Alien 480 4.286
Sturnidae J BB Acridotheres tristis EANEE Alien 698 6.232
Sturnidae JUER} Aplonis panayensis EED )T =I= Alien 267 2.384
Sturnidae JUER Gracupica nigricollis BN Alien 281 2.509
Sturnidae J\ERE Sturnia malabarica PREE Alien 7 0.063
Sylviidae ! Sinosuthora webbiana AT EEE Native 1 0.009
Threskiornithidae B&F} Threskiornis aethiopicus 1% ¢ B2 g8 Alien 6 0.054
Timaliidae =ER} Cyanoderma ruficeps L4 BE Native 31 0.277
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Appendix Breeding bird species recorded and their total abundances in this study (continued)

Family Family (Chinese) Species Chinese names Native/Alien Abundance %
Timaliidae =HER Erythrogenys erythrocnemis K&l Native 7 0.063
Timaliidae EHEFR Pomatorhinus musicus JINES I Native 50 0.446
Vireonidae “RHEFL Erpornis zantholeuca 4k Native 13 0.116
Zosteropidae  #EARE} Zosterops simplex HTEC 4R Native 1168 10.429
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