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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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# 1T Hill-Smith 43 #7 (Hill and Smith
1976) - 1% » & 0F RLQ KU A 3 H7
W 77 7 3R EI 1T RLQ B2 B8 B 2 14
A BRI 49999 X E 18 Monte-Carlo
PR - [FIRAet E  ~ MEAR
B2 RLQ 77 51| 3 7 W il = R Ay A 3 14
(Dray et al. 2014) - H3 > T4 7 43 47 [
I HETT 25 » BN EE — B SAERAY
T3 Ry R P 2 B R E T (multiple
testing problem) > % False Discovery
Rate (FDR) 77 4 # 171 IE (Benjamini
and Hochberg 1995) ° f& ] i fE R
BHE B MR B OR B R

&9
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TEAHRL 5 LAY 4 1800 S FE MR Ry B
Iy 0 SRR B S R R I AR
FHRE - BAPEAR SRR - S 2 Bl 4 HYy
FEfEGRAEAE - FAEITIEEL 6 AR
SHI (ter Braak et al. 2012) » 155 6 Fyft
T2 B4 Y4&SE R FRRGR R SRR M
AR B I S B 02 A AH R (Dray er al.
2014) - RLQ B PU 73 47 i A R $KAG
ade4 E {4 #£ 17 47 M7 (Dray and Dufour
2007) °

it e
S a4
GERBUR > EEILEgEE R
& B ETEZR 3-9 HiESLECsRE] 71 16
BT~ 11,200 &) (If g% ) > HP R
B Fdi 58 T 8,343 2K (74.5%) 0 13 1l
HMARTE 2,857 B2 (25.5%) © FEIR A AE
H o ik 4 (Passer montanus, 26.1%) ~

H U845 (Pycnonotus sinensis, 14.6%) ~
Hr B4R (Zosterops simplex, 14.0%)
% #% (Hirundo rustica, 9.9%) ~ Ef $H
B 1E (Streptopelia chinensis, 7.2%)

41 % 98 (Hypsipetes leucocephalus,



6.5%) FIESPTE - (5JF EEAEERX
78.3% ° FESNAHE T BF G (Columba
livia, 32.5%) ~ % J\ &F (Acridotheres
tristis, 24.4%) ~ HE/\ &} (Acridotheres
H B
(Gracupica nigricollis, 9.8%) ~ 5o | &

javanicus, 16.8%)
188, (Aplonis panayensis, 9.4%) 5 (B
Yt - (ESMRTEAEEE R 92.9% -

— LR A - SMREEZ
B PEAIAERRME

TR Rt 5t R &5 192 st B8 b
Ho T S AR MR B 2 B R AERE (R
5)c EHEEE RO R EEEHE A
SR e P ST - B8 2 IEAHR (all
p <0.05) > FBEFEE S HMRREE
FISEAINT R 0 - A EK g & B K
B ~ A Bl L e 2
IEAHE (all p <0.05) > BAJFAE SREAE
= AHEREEE (p < 0.001) > 35
B A KEE S hnmsg i - thah
178 % B R S T BE 2 TR
B (all p < 0.001) > JREZEEFTE SFEE
B (p <0.05) - AKIEERZ B4R
AT SR 2 BHRE (p < 0.01) » 1E
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KIFFEE R EEE > BERNEX
B /b o BREANER S B A ~ 4
RSTEAVHBAMER[F - B SR
BN - R A SR EER N (all p <
0.05) » {HAMK SIEE EERECD (all p
<0.001) 5 WA HI4ETR - HE e e HIj e
FE SIS S ES A BEHR -

TRt SR B L S TR M TR AE BRI
RLQ 55 1 ifi fi ¥ i ot BB L
T T AR B G B SRAR T Fy 58.7% 0 55 2
o e FEE 37.8% Y B SR o Y i oI i R
96.47% HIEEF (£2 6) » LA > 565 1 @l
fe R S B S B 70.2% 0 S FE M
RS FL Y 78.6% o HARY 2 B AY 4 fgg
&S RIGHEZE (all p < 0.001) > BERED
IR R S SRR
SrELERE  RIMETY 6 TR EIE (p <
0.001) » BERVEIR BN S H M B A
MHRAME -

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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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.
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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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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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Abstract

Climate change is reshaping global species distribution patterns, posing profound
challenges to native species of economic or ecological importance. Accurately charac-
terizing their potential ranges and spatiotemporal dynamics provides essential baseline
information for developing effective adaptation and conservation strategies. This study
focuses on Camellia brevistyla, a native oil-bearing tree species in Taiwan. Species
occurrence records and environmental predictors, including climate, soil, topography,
and land cover, were integrated into a MaxEnt model to project suitable habitats under
current conditions and two future climate scenarios (SSP126 and SSP585) for the late
21st century (2071-2100). A spatiotemporal overlay analysis was performed to classify
habitat dynamics into vulnerable habitats, increased suitable habitats, and climate refu-
gia. Results indicate that climatic variables are the primary drivers of habitat suitability.
The species shows higher habitat suitability in areas with greater temperature seasonali-
ty, whereas suitability declines with increasing mean diurnal range and higher minimum
temperatures of the coldest month. Spatially, suitable habitats are primarily concentrat-
ed in northern and northeastern Taiwan. Under the SSP126 scenario, while portions of

northern habitats are projected to become vulnerable, substantial climate refugia are ex-
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pected to persist. In contrast, under the SSP585 scenario, most suitable habitats are like-
ly to transition into vulnerable habitats, with only limited refugia remaining in the north-
eastern region. Based on these findings, we propose adaptive strategies to support the

conservation and sustainable management of C. brevistyla under future climate change.

|

[BAgEEE ¢ e HELORRK ~ HegydE i ~ RIREERT - 3

/\?

Keywords: economic tree species, shared socio-economic pathway, vulnerable habitat,

climate refugia, adaptation
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Fig. 1 (a) Geographic location and (b) digital elevation model (DEM) of the study area.
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Habitat suitability
High:1E-Low:0

[ ] Suitable habitat

2 (a) FIFELLGREYHERACE: 5 (b) ARE AR 2 MaxEnt YA RIS 5 -
Fig. 2 (a) Occurrence records of C. brevistyla; (b) predicted distribution based on the optimized MaxEnt
model.
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Fig. 5 Projected dynamics of suitable habitats for C. brevistyla from the current to the end of the 21st cen-
tury under two carbon emission scenarios.
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Abstract

A newly recorded species, Capparis cantoniensis Lour. (Capparaceae) is document-
ed from the Matsu Islands, representing not only a new addition to the regional flora but
also the first record of the family Capparaceae in this archipelago. This species exhibits
a broad distribution across tropical and subtropical Asia, including the Andaman Islands,
Assam, Bangladesh, southeastern China, the eastern Himalayas, Hainan, Java, Laos, the
Lesser Sunda Islands, Maluku, Myanmar, the Philippines, Sulawesi, Sumatra, Thailand,
and Vietnam. Within China, it has been recorded in the provinces of Fujian, Guangdong,
Guangxi, Guizhou, Hainan, and Yunnan. Despite the close geographical proximity of the
Matsu Islands to the southeastern coast of China, the presence of C. cantoniensis had
not previously been reported from this region. In this study, we provide a detailed mor-
phological description, accompanied by diagnostic line drawings and high-resolution
photographs taken from specimens in sifu, to support accurate identification and future

floristic research.

Key words: Capparis cantoniensis, Capparaceae, Matsu
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Introduction

The Matsu Islands, located in the
northwestern Taiwan Strait, comprise
five main islands, Dongyin, Beigan,
Nangan, Dongju, and Xiju, as well as
numerous smaller islets. Geographically,
they are situated approximately 211 km
west of Keelung, Taiwan, and about 16
km from the coast of Fujian, China. Due
to their proximity to the mainland, the is-
lands share a high degree of floristic and
faunal similarity with southeastern China
(Ota and Lin 1997). Previous botanical
surveys have documented a total of 677

vascular plant taxa, including infra-spe-
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cific ranks, and encompass 472 genera
and 131 families (Huang 2002; Kuo
2004; Tzeng et al. 2012; Tzeng et al.
2014). In recent years, additional newly
recorded and naturalized plant species
have been reported from the region (Jung
2017; Lu and Wang 2023; Liou et al.
2025). The family Capparaceae, belong-
ing to the order Brassicales within the
Rosids, includes around 430 species dis-
tributed across 15 genera, with a predom-
inantly Northern Hemisphere distribution
(POWO 2025). Capparis Tourn. ex L.
is one of the largest genera of the family
Capparaceae and is important of its eco-

nomic and medicinal value (Rivera et al.
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2003; Jiang et al. 2007; Chedraoui ef al.
2017). The genus consists of 146 species
distributed in tropical and subtropical
Old World to Mongolia (POWO 2025).
It occupies mostly xeric habitats and is
characterized by the presence of thorns
and saccate outer sepals (Jacobs 1960;
Jacobs 1965; Hall et al. 2002, 2004).
The genus is divided into four sections
based on leaf persistence and sepal mor-
phology. Species with well-developed
and persistent leaves belong to either
Sect. Capparis, Sect. Monostichocalyx,
or Sect. Busbeckea. Among them, when
the sepals are all free in bud, one sepal
of the outer pair is distinctly saccate, so
the species are assigned to Sect. Cappa-
ris. However, if both sepals of each pair
are equal, then they are placed in Sect.
Monostichocalyx. When the outer pair of
sepals is connate in bud, the species are
classified under Sect. Busbeckea. In con-
trast, species with small leaves up to 2 %
0.3 cm and soon caduceus are placed in

Sect. Sodada (Jacobs 1965). During re-

150

cent floristic investigations in the Matsu
Islands, Capparis cantoniensis Lour. is
recorded for the first time in this archi-
pelago. Based on the sepal morphology,
Capparis cantoniensis is classified under
Sect. Monostichocalyx. This finding not
only represents a new record of the spe-
cies for the Matsu flora, but also marks
the first documentation of the genus
Capparis and the family Capparaceae
in the region. Therefore, it contributes
significantly to our understanding of the
floristic composition and biogeographic
affiliations of the Matsu Islands.
Systematic treatment

Capparis cantoniensis Lour. Fl. Co-
chinch. 1: 331. 1790. & JI (L1 #f .(Fig.
1-2)

Type: CHINA. Kwang Tung Province,
Canton & Vicinity, 9 March 1917, Levine
1247 (Neotype E 00327222 digital im-
age!; Isoneotypes A 00277170 digital
image!, GH 00042251 digital image!, K
000380489 digital image!, L 0035314
digital image!, US 00100536 digital im-



age!).

Shrubs, scandent, 2-6 m tall, branch
cylindric, grey to light green, nearly gla-
brous, internode 1-4 cm; branchlet cylin-
dric, light green, pale yellow pubescent;
twig cylindric, light green, straight, with
ridge angle when young, pale yellow
pubescent. Stipular spines firm, flat or
recurved, 3-5 mm, on flower twigs, small
or absent, apex often brown orange. Leaf
alternate, distichous, nearly leathery, leaf
blade elliptic, oblong, oblong-lanceolate,
or sometimes ovate, 7-10 x 2-4 cm, apex
often acuminate and shortly mucronate,
base cuneate to broadly cuneate, reddish
brown when dry, adaxially pale green
when dry, glabrous or when young mid-
vein on both surfaces apically sparsely
shortly pubescent but glabrescent, mid-
vein abaxially raised and adaxially im-
pressed, secondary veins 8-12 on each
side of mid-vein and inconspicuous;
petiole 4-5 mm, trichomes like those
on twigs. Inflorescences axillary and

subumbellate or axillary and terminal,
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thus forming a panicle, to 9-flowered,;
peduncle 1-3 cm, trichomes like those on
twigs; bracts early falling, subulate, 1-2
mm; bractlets small, sometimes absent.
Pedicel 8-12 mm, trichomes like those
on twigs. Sepals 4-5 x ca. 3 mm; sepals
of outer whorl navicular, outside shortly
pubescent, particularly near base, inside
glabrous, margin membranous and gla-
brous; sepals of inner whorl elliptic to
obovate, slightly smaller, margin white,
membranous, and with white cilia. Petals
white, obovate to oblong, 5-6 x 2.0-2.5
mm, inside basal and central parts white
pubescent. Stamens 20-30; filaments 1.0-
1.5 cm; anthers 0.7-0.8 mm. Gynophore
6-8 mm, glabrous; ovary nearly ellipsoid,
ca. 1.5 x 1 mm, glabrous. Fruit spheroid
to ellipsoid, 1-1.5 cm in diam., smooth;
pericarp thin, leathery. Seeds 1 to several
per fruit, globose or nearly ellipsoid, 6-7
mm.

Specimens examined: Lien-chiang
County (Matzu Islands), Beigan Town-
ship, Wusha, alt. 50-150 m, 17 Aug.
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2023, W.Y. Wang 3259; Wusha, alt. 20-80
m, 27 Mar. 2024, W.Y. Wang 3375 (TAIF)
Distribution: The native range of this
species extends from India, including the
Andaman Islands, and the eastern Hima-
layas, through Myanmar to southeastern
China and Hainan, and further south
to the Indo-Chinese Peninsula and the
Isthmus of Kra (Jacobs 1965; Fici et al.
2022). It is also native to Bhutan, China,
Indonesia, Laos, Myanmar, the Philip-
pines, Thailand, Vietnam, and the Male-
sian region (Zhang and Tucker 2008;
Fici et al. 2022). In China, the species
is distributed across several provinces,
including Fujian, Guangdong, Guangxi,
Guizhou, Hainan, Yunnan (Zhang and
Tucker 2008), and Hong Kong (Hu
2007).

Habitat and Ecology: Capparis canton-
iensis inhabits forests and forest edges,
frequently in the shade, and seems to pre-
fer moist places (Jacobs 1965). The pop-
ulation was recorded in Wusha, Beigan

Township, Matsu Islands, growing in
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crevices of rocky slopes, forest margins,
and roadsides at elevations ranging from
20 to 150 m (Fig. 3). The canopy layer is
composed of Casuarinae quisetifolia L.,
Elaeagnus oldhamii Maxim., Triadicase-
bifera (L.) Small, Acacia confuse Merr.,
Ficussuperba var. japonica Miq., and
Celtisbiondii Pamp. The invasive species
present include Leucaenaleu cocephala
(Lam.) de Wit. Additional associated
flora includes Allium grayi Regel, Ari-
saemahete rophyllum Blume, Asparagus
cochinchinensis (Lour.) Merr., Dianella
ensifolia (L.) DC., Commelina auric-
ulata Blume, Melodinus angustifolius
Hayata, Trachelospermum jasminoides
(Lindl.) Lem., Bidens alba var. radiata
(Sch. Bip.) R.E. Ballard ex Melchert,
Dendranthema indicum (L.) Des Moul.,
Stellaria media (L.) Vill., Celastrus hind-
sii Benth., Sedum drymarioides Hance,
Mallotus repandus (Rottler) Miill. Arg.,
Ajuga nipponensis Makino, Salvia bow-
leyana Dunn, Jasminum sinense Hemsl.,

Corydalis decumbens (Thunb.) Pers.,



Corydalis koidzumiana Ohwi, Coryda-
lis tashiroi Makino, Pittosporum tobira
(Thunb.) W.T. Aiton, Sageretiathea (Os-
beck) Johnst., Galiumspurium f. vaillan-
tii (DC.) R.J. Moore, Rubiaakane Nakali,
Dodonaea viscosa Jacq., Wikstroemia in-
dica (L.) C.A. Mey., Davallia tyermanii
(T. Moore) H.J. Veitch, and Carexkago
shimensis Tak. Shimizu.

Phenology: Flowering occurs from Au-
gust to October, with fruiting happening

from March to June.

IUCN Red list category: Capparis
cantoniensis is widely distributed across
Bhutan, China, Indonesia, Laos, Myan-
mar, the Philippines, Thailand, Vietnam,
and the Malesian region (Zhang and
Tucker 2008; Fici et al. 2022). In con-
trast, on the Matsu Islands, the species is
currently known only from a single lo-
cality in Wusha, with an area of occupan-
cy estimated to be less than 2 km? and
a population size of approximately 50

to 100 individuals. Based on the I[UCN
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Red List Categories and Criteria (JUCN
2024), these parameters technically meet
the thresholds for Critically Endangered
(CR) under criteria [Bla+C1+D1+D2].
Nevertheless, according to the IUCN re-
gional assessment guidelines, categories
may be adjusted when the extinction risk
of a local population is likely to be mit-
igated by immigration from outside the
region. Considering that C. cantonien-
sis 1s widely distributed in neighboring
regions where the Matsu site currently
experiences minimal anthropogenic pres-
sure, the final regional assessment for the
Matsu Islands population is best placed

under Vulnerable (VU).
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E_-om

Fig. 1 Illustration of Capparis cantoniensis Lour., A. Branches and leaves; B. Branches with barbed
thorns; C. Leaf; D. Flower; E. Fruit. (Illustrated by C.K. Yang)
1 EIMLIFHARAGIE - A BifR 3 © B BURELEISTR] : C % DI s ERE
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Fig. 2 Habitat and morphology of Capparis cantoniensis Lour., A. Habitat; B. Habit; C. Stem; D. Leaves
and fruit; E. Branches with barbed thorns and pubescence; F. Young branches and petiole with pu-
bescence; G. Abaxial of leaf; H. Inflorescence; 1. Fruit. Scale bars: E=5 mm; F =5 mm; G =3 cm;
H=1cm;I=1cm

2 BEINLLAH (Capparis cantoniensis Lour.) » A. A5 H s B.fEE ; C. % D. BEREEH T B ik 5 F
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Fig. 3 Locality of Capparis cantoniensis Lour. in the Matsu Islands.
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Argemone ochroleuca—A newly naturalized species of
Argemone (Papaveraceae) in Taiwan
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Abstract

A newly naturalized species of Argemone L., A. ochroleuca Sweet, has been dis-
covered in central, northern, and eastern Taiwan. This discovery increases the number of
Argemone species up to two species in Taiwan. Due to its morphological similarity to A4.

mexicana L., this species has often been misidentified as 4. mexicana in the past. This
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paper provides color photographs of the external morphology, pollen, and distribution
map of A. ochroleuca and A. mexicana in Taiwan. In addition, this paper also provides a

key to Argemone in Taiwan.

Key words: Taiwan, newly naturalized plant, Argemone ochroleuca Sweet, pollen, key
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Introduction

Argemone L. belongs to Papavera-
ceae (The Angiosperm Phylogeny Group
2016; Zuntini et al. 2024). Globally, 4r-
gemone includes approximately 30 taxa,
primarily distributed across America
(Schwarzbach and Kadereit 1999).

In recent years, an unidentified spe-
cies of Argemone was discovered in cen-
tral, northern, and eastern Taiwan. After
reviewing relevant literature, this species
was identified as Argemone ochroleuca
Sweet. This species is newly naturalized
in Taiwan, because it is a species wide-
spread in various regions in central and
eastern Taiwan. This species closely re-
sembles Argemone mexicana L. (Fig. 1,
2, 3), previously recorded Argemone spe-
cies in Taiwan (Liu 1976; Liu and Yang
1996), and their overlapping distributions
have often led to misidentification. This
study compares the external morpholo-
gy and pollen characteristics of the two
species from wild populations, and pro-

vides their distribution maps and a key to
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Argemone in Taiwan for clarifying their

differences.

Materials and Methods

Sample collection and photography
The fresh samples used in this study
were collected from Yunlin County in
Taiwan. Externally morphological and
microscopic features were recorded di-
rectly at the collection sites and subse-
quently processed using photographing
software. After photographing, plants
containing flowers or fruits were collect-
ed and brought back to the Department
of Biological Resources, National Chiayi
University, where they were made spec-
imens to serve as voucher specimens.
After the preparation of the voucher
specimens is completed, they will be de-
posited in the Herbarium of Taiwan For-

estry Research Institute (TAIF).

Morphology of pollen
Fresh pollen grains were collected

from the field by using clean tweezers to



remove anthers, which were then tem-
porarily stored in micro-centrifuge tubes
containing 75% ethanol. Pre-photogra-
phy processing was primarily based on
the protocol by Halbritter (1997). The
samples were put into a vial containing
acidified 2,2-dimethoxypropane (1 drop
of 0.2 M hydrochloric acid added to
30 mL of 2,2-dimethoxypropane). This
step required 30 minutes of processing.
After removing acidified 2,2-dimethoxy-
propane, acetone was added for preser-
vation. Samples were gold-coated for
90 seconds and subsequently examined
using a scanning electron microscope
(SEM, HITACHI S-3400N). After pho-
tographing, the images were post-pro-
cessed using the photographing software.

Pollen size was measured using
Image J 1.50d software (Schneider et al.
2012). For each species, 10 pollen grains
were randomly selected, followed by cal-
culating the polar axis length (P), equa-
torial plane length (E), and the P/E ratio.

One intact pollen grain was also selected,
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and 10 ornamentations were randomly
measured in width. A one-way ANOVA
was then performed to assess significant
differences in pollen characteristics be-
tween A. ochroleuca and A. mexicana.
All statistical analyses were performed
using R version 4.5.1 (R Core Team
2025). Pollen terminology was primarily

based on Halbritter ef al. (2018).

Horizontal and vertical Argemone spe-
cies distribution in Taiwan

The horizontal and vertical spe-
cies distribution maps of Taiwan for 4.
ochroleuca and A. mexicana were gen-
erated using QGIS ver. 3.36.0. (QGIS.
org. 2024). Data were obtained originally
from iNaturalist (accessed 18 Mar. 2025),
selecting records from 2018 to 2024 that
had achieved "Research Grade" status.
The downloaded data included latitude
and longitude information, while eleva-
tion data were obtained using Google
Earth (accessed 18 Mar. 2025). The verti-

cal and horizontal distribution maps were
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created based on this dataset, following
the QGIS project template for horizontal
and vertical species distribution mapping

of Taiwan developed by Lin (2018).

Result and Discussion

Taxonomic treatment
Argemone L. #i2E5EE

Annual or perennial glaucous herbs,
rarely shrubs, with yellow, foetid milkly
latex. Leaves alternate, mostly pinnatifid,
usually aculeate-dentate. Flowers soli-
tary, terminal; sepals 2 or 3, coherent at
apex, caducous; petals double the num-
ber of sepals, corrugate in bud; stamens
numerous, short than corolla, filaments
free; ovary ovoid, with 3-7 parietal pla-
centas; style short, stigma 3-7 lobed,
lobes opposite placentas; ovules numer-
ous. Capsules 3-7 valved at apex; seed
numerous, globose, reticulate-ribbed.

About 10 taxa native to America; 2

taxa naturalized in Taiwan.

Key to Argemone in Taiwan
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Plant whitish-green; petals 6, rarely 9,
pale yellow.................. A. ochroleuca
Plant green; petals 6, light yellow.........

eveeenn Ao mexicana

1.Argemone mexicana L., Sp. P1. 508.
1753; Fawcett et al., Fl. Jamaica 3: 222.
1914; Liu, Fl. Taiwan 2: 654. pl. 437.
1976; Liu & Yang, F1. Taiwan 2™ 2: 720.
pl. 339. 1996; Zhang & Christopher, FL.
China 7: 262. 2008. (%85 (Fig. 1, 2)

Type: LINN 670.1 (Lectotype) (Fig. 3)
Erect annual or occasionally short-
lived herb, 0.3-1 m tall, green slightly
glaucous. Leaves sessile, pinnatifid,
oblong-obovate or lanceolate-obovate,
7-28 cm long, 2.5-10 cm wide, spinu-
lose-dentate, white-pruinose on both sur-
faces, more or less amplexicaual at base.
Flower buds subspherical, prickles many,
green. Flowers sessile or very short ped-
icelled, floral diameter 5.5-6 cm; sepals
mostly 3, green, 2.7-2.9 cm long, ca. 0.7

cm wide; petals obovate, bright yellow,



2-3 cm long, ca. 1.5 cm wide; stamens
many; stigma dark red, 5-lobed. Capsules
oblong, 2.5-4 cm long, ca. 1.4 cm wide,
3-6 valved above, clothed with erect-pat-
ent sharp bristles. Seed spherical, deep
brown, 1.5-2 mm long, 1.5-2 mm wide,
obviously tessellate on surface. Flow-
ering from December to May. Fruiting
from January to May.

Naturalized in central, western,
southern, and eastern Taiwan and Penghu

Islands.

Voucher specimens: TAIWAN, Yunlin
County, Shuilin Township, 11 Jan. 2025,
Y. Z. Lu 788 (TAIF'). Kaohsiung City,
Tianliao District, Hsiaokunshui, 05 Jan.
2019, Z. H. Chen 1811 (TAIF); Tashu
Township, 04 Feb. 2002, S. Z. Yang
26262 (TAIF); Shoushan, 05 Apr. 1996,
C. S. Yang 452 (TAIF). Taitung County,
Taitung, 01 Mar. 1913, Tadasaburo Soma
s.n. (TAIF). Penghu County, Penghu, 01
Sep. 1917, Tanaka s.n. (TAIF); Fen Kuei,
Shihli Li, 22 Jun. 1994, C. H. Chen 704
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(HAST?); Nanliao, 22 Jul. 2015, S. W.

Chung 12248 (TAIF).

" This code is the herbarium of the Tai-
wan Forestry Research Institute, Tai-
wan.

*This code is the herbarium of Biodi-
versity Research Museum, Herbarium,

Academia Sinica, Taiwan

2. Argemone ochroleuca Sweet, Brit.
Fl. Gard. 3: 242. 1828; Chintala & Pat-
tanaik, Zoos’ Print 22(12): 2949. 2007,
Patel, Phytoneuron 52: 1 2013. 3% & i

P25E (Fig. 4, 5)

Type: British Flower Garden vol. 3, t.
242, 1828 (Holotype) (Fig. 6)

Argemone mexicana L. var. ochro-
leuca (Sweet) Lindley, Edwards’s Bot.
Reg. 16: t. 1343. 1830.

Argemone mexicana L. subsp.
ochroleuca (Sweet) Schwarzb, Fl. Valle
Tehuacan-Cuicatlan 131: 8. 2015.

Erect annual herbs, up to 1 m tall,

whitish-green, densely glaucous with



aEENs

IR FE TW J. of Biodivers.28(2): 160-179, 2026

reddish tinge. Leaves sessile, semi-am-
plexicaul, oblanceolate, 16-22 cm long,
4-8 cm wide, sinuate to pinnatifid, bas-
al leaves deeply lobed; lobes oblong,
glaucous. Flower buds oblong, prickles
few, tinged red. Flower sessile or very
short pedicelled, floral diameter 6-7 cm;
sepals mostly 3, green, 2.5-2.6 cm long,
ca. 0.7 cm wide; petals 6, rarely 9, ob-
cuneate-obovate, pale yellow, ca. 3 cm
long, 1.5-1.8 cm wide; stamens many,
8-10 mm long; filaments pale yellow;
anthers oblong, recured, dark yellow;
stigmas 5-lobed, deeply dissected, dark
red. Capsules ovoid or lanceolate-ovoid,
3-4 cm long, 1.3-1.4 cm wide, 3-6 valved
above, clothed with erect-patent sharp
bristles. Seed spherical, black, 1.5-2 mm
long, 1.5-2 mm wide. Flowering from
December to May. Fruiting from January

to May.

Naturalized in central, northern, and

eastern Taiwan (Fig. 8).
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Voucher specimens: TAIWAN, Chan-
ghua County, Tatsun Township, 16
Mar. 2019, C. M. Wang 17791 (TNM’);
Shetou Township, Shetou, 21 Mar. 2026,
Y. Z. Lu 1265 (TAIE"); Tienwei Town-
ship, Tienwei, 02 Apr. 2001, C. M. Wang
04807 (TNM); Tianzhong Township, 13
Jan. 2025, Y. Z. Lu 792 (TAIF); Hsichou
Township, Hsitso Village, 31 Jul. 2016,
C. M. Wang 17029 (TNM). Yunlin Coun-
ty, Erhlun Township, Kanghou Village,
31 May 2022, C. M. Wang 19391 (TNM);
Taihsi Township, Provincial #155, 13
Apr. 2012, C. H. Chen, C. M. Wang, C. Y.
Li 10866 (TNM).

*This code is the herbarium of National

Museum of Natural Science, Taiwan.

* This code is the herbarium of Taiwan

Biodiversity Research Institute, Taiwan

Note: 4. ochroleuca closely resembles
A. mexicana in external morphology.
However, the most notable difference be-
tween the two species lies in the color of

their plant and petals. 4. ochroleuca has



a whitish-green plant and pale yellow
petals; A. mexicana has a green plant and

bright yellow petals.

Morphology of pollen

According to SEM observation,
pollen grains of A. ochroleuca and A.
mexicana are very similar (Fig. 7). They
are monad, subcircular in shape, and
have a microrugulate surface ornamen-
tation. Each pollen grain possesses 3-ap-
ertures, with gemmate structures on the
aperture surface. However, pollen grain
of A. ochroleuca sometimes has 4-aper-
tures. These results are consistent with
Chaturvedi et al. (2010).

Polar axis length (P) of 4. ochroleu-
ca (28.28 + 0.52 um, Mean + Standrand
Error) is longer than A. mexicana (22.86
+ 1.28 um), and they show a significant
difference. Equatorial diameter length
(E) of 4. ochroleuca (32.50 £ 1.17 pm)
is longer than A. mexicana (30.65 +
0.90um), and they show a significant

difference. P/E ratio of A. ochroleuca
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(0.86 + 0.03 um) is longer than A. mex-
icana (0.68 £ 0.06 um), and they show
a significant difference. Ornamentation
width of 4. ochroleuca (0.46 + 0.04 um)
is longer than 4. mexicana (0.31 + 0.04
um), and they show a significant differ-
ence. Hence, polar axis length, equato-
rial diameter length, and ornamentation
width can distinguish 4. ochroleuca and
A. mexicana. Pollen traits of A. ochroleu-

ca and A. mexicana are summarized in

Tablel.

Horizontal and vertical species distri-
bution in Taiwan

Figure 8 is a distribution map of
A. ochroleuca and A. mexicana in Tai-
wan. Both species are mainly found in
low-altitude areas in central Taiwan. 4.
mexicana is also distributed in eastern
and southern Taiwan, as well as in the
Penghu Archipelago. A. ochroleuca has
also been recorded in northern and east-

ern Taiwan.
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Fig. 1 Plants of Argemone mexicana L. in Taiwan.
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Fig. 2 Argemone mexicana L. (A) Habit. (B) Leaves and plantlet. (C) Side of leaf. (D) Flower. (E) Petals.
(F) Pistil, outside view (left) and sectional view (right). (G) Stamen. (H) Bud, outside view (left)
and sectional view (right). (I) Fruit. (J) Seed.
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Fig. 3 Lectotype of Argemone mexicana L. (LINN 670.1). Image from the Linnean Collections.

3 2B 2 SR (LINN 670.1) - [& / H{ & the Linnean Collections (https://linnean.access.pre-
servica.com/uncategorized/IO 48d1ed21-2176-4873-8041-f31d4b3070cd/ [retrived on 16 April
2026]) -
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Fig. 4 Plant of Argemone ochroleuca Sweet in Taiwan.
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Fig. 5 Argemone ochroleuca Sweet. (A) Habit. (B) Leaves and plantlet. (C) Side of leaf. (D) Flower. (E)
Petals. (F) Pistil, outside view (left) and sectional view (right). (G) Stamen. (H) Bud, outside view
(left) and sectional view (right). (I) Fruit. (J) Seed.
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b by Rbpre Mo J828.

Fig. 6 Holotype of Argemone ochroleuca Sweet (British Flower Garden vol. 3, t. 242, 1828). Image from
the Biodiversity Heritage Library.
6 AR 2 25 (British Flower Garden vol. 3, t. 242, 1828) - [& 5 H{H Biodiversity Heri-
tage Library (https://www.biodiversitylibrary.org/item/224660#page/178/mode/lup [retrived on 27
November 2024]) °
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Fig. 7 Pollen morphology of Argemone mexicana L. (left) and Argemone ochroleuca Sweet (right). (A)(E)
Polar view. (B)(F) Equatorial view. (C)(G) Ornamentation. (D)(H) Aperture.
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Fig. 8 Distribution of Argemone ochroleuca Sweet and Argemone mexicana L. in Taiwan.
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Table 1 Pollen trait of Argemone ochroleuca Sweet and Argemone mexicana L. (* indicates a significant
difference)

R RERIE RGN EENOR & - F B AEEER)

Polar axis length Equatorial diameter Ornamentation

Taxon Shape Ornamentation P/E (n=10)* |

(P) (nm) (n =10)* length (E) (um) (» = 10)* width (um) (2 =10) *
A. ochroleuca Subcircular Microrugulate 28.28 + 0.52 32,50 + 1.17 0.86 + 0.03 0.46 = 0.04
A. mexicana  Subcircular Microrugulate 22.86 + 1.28 30.65 + 0.90 0.68 + 0.06 0.31 + 0.04

Note: The values in the table are Mean + SE.
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