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Floral traits of nectar and pollen plants in landscape and their effects on

pollinator visiting behaviors in Beijing
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Abstract: Against the global context marked by a steep decline and substantial loss of pollinating insects, urban green
spaces have emerged as alternative refugia for these ecologically crucial insects, attributable to their capacity to maintain
diversified microhabitats and sustained provision of abundant nectar and pollen resources. Strategic optimization of nectar
and pollen plant configuration in urban landscaping could substantially enhance the conservation value of these green
infrastructures for pollinator communities, while floral traits serve as critical sensory stimuli that mediate pollinator-plant
recognition and flower-visiting selection processes. Employing the transect method, this study conducted a systematic
investigation and analysis of floral traits in nectar and pollen plants alongside pollinator community assemblages across five

urban green spaces in Beijing from March to September 2023, aiming to both explore the differences in floral trait preference
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among different pollinator functional groups and identify important floral traits affecting the changes in the visitation
composition of each pollinator functional group. A total of 204 species of nectar and pollen plants were investigated in
Beijing's urban landscapes, whose floral traits exhibited substantial interspecific divergence in morphological diversity and
large differences in pollinator attraction ability among different species. The investigation documented 141 pollinator species
within Beijing’ s urban green spaces, where six main functional groups—ants, solitary bees, honeybees, butterflies,
hoverflies, and Coleoptera—demonstrated distinct preferential divergence in nectar and pollen plant selection and exhibited
marked selectivity disparities toward specific floral traits. With flower characterized by capitula inflorescences, upright
openings, tubular/tongue-shaped corollas, single-petaled structures, blue-purple coloration, and aromatic properties being
preferentially targeted across multiple pollinator functional groups guild. The compositional variability in visitation patterns
among main pollinator functional groups exhibited differential susceptibility to floral trait categories, with inflorescence type
and corolla type exerting a predominant regulatory influence on floral selection behaviors across five major pollinator
functional groups except butterflies. These findings enhance mechanistic comprehension of plant-pollinator interaction
dynamics while providing empirical foundations for evidence-based selection of nectar and pollen plants and precision habitat

engineering aimed at urban pollinator diversity conservation.

Key Words: landscape plants; nectar and pollen plants; floral traits; pollinator insects; plant-pollinator interactions
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W, A& BIES T, LR, 316 & K R AR IR, o r) AR A0S FE A S R G A &
K UG AE ) R A B o ) AT A BB T A R R A
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1 HREBELTRHRASE
Fig.1 Distribution of study plots inside Beijing urban areas
UZ ALt FR B AR R T X 38 ( Urban zone ) 5 UZ1 SHAEAT 2 BRI X385 UZ2 b st 3 R4 IX 38 ; UZ3 St st 4 B X i ; Uz4
AL 5 PRI X Ak

F1 HAREHERER
Table 1 Basic information of study plots

YN N3 [ip:As ik

Park name Park type  Area/hm®  Description

[H F MY b NGCNBG LN 218.00 E R R YR, I A R+
BUBRVE 3 FRAR2N el g el SPOFP A A 380.00 Jemt A R R T A el 2 — A BRI TR Y R 2R
BBt ARAR LN TUFP [ANER/N | 14.36 I HRG, & TR B E SRR LB
PR T ARAR A B GUFP LARE/NT| 4.77 IEHARG, & F YRR B L QA TR R

T #5NE WP [ANE/N | 5.10 LG, I PR AR 22 I b B UL B 46

NGCNBG . EF YAt B North Garden of China National Botanical Garden ; SPOFP ; BLAR DT 78 2R AR 2N el 5 el South Park of Olympic Forest Park;
TUFP . £ B3l 1T ZR AR el Tayuan Urban Forest Park ; GUFP .~ BHA Y8 T AR AR il Guangyanggu Urban Forest Park ; WP ; J3 75/ il Wanshou Park
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1.2 Bdagki
1.2.1 Gk R HU S sk A e A

AT R IRELR I A 745 0 B PR 5 R AR A TR A | AP 2 A B AR A A el T R A /N LB 5, (R 2
SR T R 2 2 o A el o b TR 29 LA b BRI BT el % 4 A 42 el HL A ARZRRE- 2 [ BE K T 40m , e &3t
WEHL 29.7km,

ey B M SR IR ) A A T 2023 45 3 H 2= 9 H kAT, 8 5 6 o B ARAE 9 T A AL # B TR BR i) 322
Ay, A& EA X RS 1 R A RIERAE 7 IR, TEIRA D K S AT il il 2 A8 W) AE
A BEEER I B U SO AR R e 2 TR 1] A AR 9 2 SO SR IR RS , 1 BB A R AU — kA
R — R EAE . PEBRmE W TC KA R, 7E 9:00—17 00 Ifa]BE 1Y [ & RELR 2208 51 04T, I Mg IFiD
SRFELR 3m PRARYE I N R0y B U A2 Boe B YR, DL R Ui Ial i s IR A M A S T AR TR AE %K
S0 TR RIRAR G MERAL A L Vi AEA TR, PRI AR YR BFE X F TE 12 W% BN AR 2 I TR R ANPESE 3T
&y B M A 25 G SR T A A8 OIS 2, 78 B JL U AR I FE AT B8R DR 4 e i 42, o 7 B g
SN 7E B Aok B RN B A%k B R, IR375 R AR M BB EH | K4 B Uk 288 43 ) 2k AR AE A |
SR = FASORAT G5 Jo 7 [ S50 S A TAR A AR , 2 2% (AL VA6 B H 3 ) 2 (ARt pkoll B A&
T CTID) ) 200l g A 0% ok PRI 2 ) 7 (P R A A R ) P Al 14 5 R AR R R E K S
PR AR B 52 55 W il AT ) 20 M e, B 2 ARG L AT R IE RN IA
1.2.2 A Difeftl o

TESH AT IRl 112 ARG R IR VT 61T R RGO R B B 5406 X (hh &k i
PE A SRR I 22 A #0013 ASTIRERE (3R 2) 28 H (Hemiptera) | JJki# H ( Neuroptera)
#1548 H ( Coleoptera) , EWF I (hoverflies, Syrphidae) #%1i-( beeflies, Bombyliidae) . HABXGH H (other Diptera) |
M (butterflies, Lepidoptera) | # 28 (moths, Lepidoptera) | % ¥ ( honeybees, Apis spp.) . 4 P4 8% 25 (‘solitary
bees, Hymenoptera) i3t ( Nomada) WS (ants, Formicidae) 5% (wasps, Vespidae) ,

®2 BEMEHELRER

Table 2 Basic information of pollinator functional groups

LR Uy RERE frlg | ik

Pollinator functional groups Order Description

248 H Hemiptera S E| REAYIY

ik H Neuroptera 53 H REY

#5%8 H Coleoptera i H H

IR Hoverflies WM H B BFIERE (Syrphidae) B Ht, M8 £

11~ Beeflies B H U4 1Rk ( Bombyliidae ) B2 HL, I #8K

HABXGH H other Diptera X H W T I R 5 e R} 2 S A oAt U B B AL, AR ( Muscidae)

X Butterflies % H KR} ( Papilionidae ) FHERL(Pieridae) WA} ( Nymphalidae ) %5 B i, 35 46 (0,121
12 Moths i H 4R} (Seythrididae) KA} Crambidae) \ RIR}( Sphingidae ) % Ry, B IR 46 (2]
2% Honeybees JiEE H AR5 W (Apis cerana)) 5 P9 7 %6 W (Apis mellifera) | JRFL PRI | 1 SRECK

K A b5 ¥R ( Halictidae ) VI 4R} ( Megachilidae) | 74 J& ( Ceratina ) 55 0 UG P 34 28 | 4 #Y

MR P2 Solitary bees JikE H NP [ S

HiPEE Nomada 5 H HiBE W & ( Nomada) B 1, J& ¥ 25 AL M 428

& Ants 5 H WR}(Formicidae ) B AL, A2t AR 36 07 20, (KB /N
8% Wasps Ji 5 BHEER} (Vespidae) IR, JmAhox Vet KRR

1.2.3  ER ALY AETBERIE AR
AT NE A B A8 TF AL R FIAETAY B A 2 10, B T8 1AL 28 BE IR R B AOARAIE | BIAE P 41T s S5
D)2 B — U R P A AE TR G54, AN TR S a4 B G0 AR 2501 K BIF S A ok A R R TR A, 1R B
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FEFP 2 FEATT Vi) AT FERE AR AER/ N AETEAE B AR ANTETRIL 9 FEAE R A 2T
OIMT (3R 3) o ALHBRFAERCHE I A 52 8 A 10 5% S A B T R AR, B W R TERE S A I BEHLIE$E 10 24k
A HAP Al B S AR A K BE IR A (P R ) P (AR k) Y A e LA R AR AR 2 AL

®3 EWEEYEBIHE

Table 3 Floral traits of nectar and pollen plants

AEFBRAE FHIEEM RS

Floral traits Trait type  Trait site

172! " AL BARALTT s R BUAE T s BIORAE TP 5 JORAETT ; BUHEAL )Y 3 S < 5 46T s A AL )7 e e
FFAEAHE

Inflorescence type piAss

FEZTT A 6] B RE HAL(0°) s EEKF(0—90°) ; e EH AN T (45°—135°) ; /KF(90°) 5 /K23 T (90°—

Floral orientation fer 135°) ; FEBA (135°—180°)

e TR WRCRAE T ; T TR AL ; WL AL ; BRI ; FOIRAE T ; B/ 5 RAE T ; o BVRROAR AE 5 T

Corolla type e SLRAETE ; IR AE T 5 B IR AL T 5 B AE 76

HIEME Pleiopetaly state AETBAE AL PRI B 5 T

XIFRPE Floral symmetry AEFRA IR FRATXIAR s PR FR

TEFR/N TE R WAACMAETE BRI A PIAET NAEAHES) g sk LA 23 38 5 1 H 50, B0k I 5 787 3

Flower size I FLAR , A RHEY)

LG K Corolla tube length EFBR L AEEIT OAL ST b BRI B S B AT A%
£ Flower color WHHR  HERBOR LR EOREXOR
B BE Floral scent AEFRA AL TOAM O Y LAY

L3 Bt E S5t ot

BAEXE R S8 (CCA) HI T 43 B 46 B AR 5 1% 3 D BE A (8 A DG | 76 43 iR I 258 5 %F 13 43 BT ( DCA )
KIGTE CCA 43HT 038 FME  HSIBR LA 3 Jy 2 M B TR i 2 L AR ARRAE 5 15 40 T REFF (1 HE DG 1 45
K BT B (bioplot) £ 81

H XU PR LA A S B i o A 5 i R 0 ) DG R 190 W 35k, EL R SE AR My D BB B/ N 2 FE L AT 2%
Kb 43T BERS B P 1 s e | DR o R FH 44 AR 593 B1 ( Tests of nominal variable ) BHEf1E 4 4 T REREXT I —2SAE 5K
FROE R ™ W RBOR R, R B T RERE @ XIS (BRI n JCRAE , (B K 2 ThBERE @ Xt
HAETREFE n (821007 [0 UCBUI E 2 -

V., =FV/F

K F R BAETRE n (AEREUR , F 20 sk BT A AL 5, Vo2 A A )0 s B D RERE « 08
Vil AL, SHAEE(E =5 B, R Pearson RITKGSG ; R <5 B, i Fisher K5k 5, # CCA Fiig LA
ST IR SR SR ER AR 5 M DI RERE Z (] A C R A B M AR R R AR S R

T3 2253t (VPA) T TR AL 8 DI RERE U5 AEAT 2 52 A () A8 S AR AE 1) 52 i A B2, 1 %) 32 B2 4L 43 3
REREIEAT T AR AL SRR AE A 0k 7 SRR B2 HE P J5 20 B DUk B B AE AR AE R 15 JEL I S s AN ) 4B A 4
TESE M A 5 D BEREUTACAT Ry A Sr SRR BE B AL TR sk Y

] Excel MG HEATHIL, DCA [ CCA Fl VPA 7MW H] R 155 Vegan f AT, 44 UL H43HTHE SPSS
T, W B U5 RIRECE T D T 5 IR IAE D R HE R TE B 3 T 2 A, AR e X A% 3 Dy R Ot 4 43
B i HERA JEE

2 HIREGR

2.1 JbmtTT AL A B RV AL JURAE

PR AR e SR BE M R AL 6 H 52 Bl 110 J& 141 Fh (5 EFF) |, Fit 4698 H ., Bii# H ( Hymenoptera) (XX
# H ( Diptera) 583 H ( Lepidoptera ) 145l % 5 ARSI MR8 2, 230590 53 Fh 3885 H 36 Bl 291 H 29
il 304 H 3t 5 SRECS SAMAET 83.69% 5 95.35% (% 4) o
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N B DI RERE R o0, DU PRS2 P S5 SRR i W0 Rl Bl 22, 20 391 O 41 Bl 22 il 18 B i S
PR — (57.45% ) . WAMRZEERFE R Sk e e B WK R ihig 3 H A MAREI KT 150
H 3% 6 RIAE T EMAREY 94.42% , L at i et i) = 2L By DI RERE (1€ 2)

R4 JEEETSRMEN R RBTEA

Table 4 Community composition of pollinators in Beijing’s urban green spaces

Group ( Order) No. of families proportion/% No. of species proportion/ % No. of individuals proportion/%
238 H Hemiptera 6 11.54 6 4.26 66 1.40
ik H Neuroptera 1 1.92 1 0.71 6 0.13
H#M H Coleoptera 11 21.15 16 11.35 146 3.11
X H Diptera 11 21.15 36 25.53 291 6.19
3% H Lepidoptera 11 21.15 29 20.57 304 6.47
[ H Hymenoptera 12 23.08 53 37.59 3885 82.69
1500 _ 145

1350+ W YRk
1200 + O ME%L
1050 |
900 |
750 |
. 600 |
450 |
300

150/
1=
&
H*

{40
135
130
125
120
115
{10

ittty |
ey |

JiiSREN |

A% No. of individuals/ B
[=}
K E
]
i I
]
]
rey |
]
LB S j_
]
ik
]
I
L3 r
S W
HIF%L No. of species/Fi

e |
HAiGCHH [

Ry DfERE Pollinator functional group

B2 BEBHIEEMMESNEY

Fig.2 Number of species versus number of individuals in different pollinator functional groups

2.2 bt P ARE A WA R
221 YR AR

g SN Sk P T AEAE DY) 58 BL 209 JE 362 B () | Hh ALy L B A SRR AR A AR 1 A
AR 204 Fp (S AN RIE T 44 B 136 JE , LB N 3EL (Asteraceae ) | #ARE ( Rosaceae ) FIFTE R}
(Lamiaceae) , 0 5% 51 1) Pl MRE B URAE ) HH A 15 — AR FOAR 74 Fh | ZARABAR 63 Bl MEAK 53 B, TR 14 Fil
S A 94 Fh, SNKARY 110 B, Horb SR AR 19 B 350 167 Fi, A ARG 37 Fh
2.2.2  FEFEBERE

A0 el AR A TR A ) () AL AR 2 3 8 B AR A A RRE () 3) o IEEIACKTR | S M IR A ) I AE T 26
B DSORAEFF R (25.24%) , FoR 846 (18.10% ) o A6 2T E1 i) 1) J7 1, 5 B4 o 434 16 00 ,0—
90°5j 45°—135°,3X 3 Z 7 FLik F] 97.14% , 8 11 FAETER A | LU/ RAG 7 A3 HCR AL 56 B ki UL,
iy Fbak E] 23.819% 1 22.38% ;A4 5 Pk HA LB AR AL L, W5 T 58 (Viola prionantha) , EAHE
D5 T, Z2BUCE R DAL A BRI, He Y EE (89.52% ) it i T AL (8.09% ) FIERAE (1.90% ) . # Ry IRAHYI AL
KN EZETAE 10—39mm 5 40—69mm 5 FHIN , B G115 ik H] 70.96% , BEAL S K BRI, ok IR AE
YRR 2 T B S B 0—4mm KAGTEE YA i Z | i LIk E] 52.38% , 4@ ST XTFRAE AE 2ok Ui A
Wb i B AL (75.71%) . AEEBEIH ZRELRRE, DI S E RN £ (30.95%) , KK bR R 5%
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O (24.29% 22.38%) , A BIEEFERFA Y 5 I 59.05% , TR IIEZE 5 39.52% , 1%
RIAe B E /> AU 3 Fl,

AT eI e
0—9 mm
g 2 FIa 3
BRI 0 SRAESE
WIBAETE Jo K
PIAET 0—4 mm
S 10—39 mm Fes
RERTES
A SRR 4
0—90° L FARCES
A/ FRAETE
JARAET
IR AL S
VAL 40—69 mm iR
ALY 45°—135° i RAETE
WAAEST ke - . 20—34 mm 4% SUED
90° JEIAETE SO 35—49 mm
AL ‘fg;o—_l'l‘gae WA o >100 mm >50 mm .
TP A FEHTT O & e A R xR FER e K piA ) FIASTUS

B3 EHERREEDESSTESTE
Fig.3 Distribution of floral traits of landscape nectar and pollen plants

A AEABAFAE (9 1 DX 25 BEARE R A LUl E

2.3 dbmtT kAL A B SR B AR ) W) A O

AR E N IR ) Z 6] A5 0y B I TR ) 22 SR AT S i s 31 5 150y B R B4R U s I A hy
1AL B M ( Sorbaria kirilowii) , Z JG MR A Eh 1 (Iris lactea) AL (Inula japonica) . 3%3% ( Phedimus aizoon )
F(H4) /82, S (Androsace umbellata) | FEHEEE %5 ( Kerria japonica ¢ Pleniflora’ ) JRUIIAE ( Impatiens
balsamina) i F ( Jasminum nudiflorum ) S W ANZ ALK B A 4 AOWERIA E T 5 WEAE, S5 &Ry
igedEm 5, B MR M (Prunus mume ¢ Zao Zhong Zhu Sha’) | F 46 1L 2Bk ( Prunus persica ¢ Baihua
Shanbitao’ ) 4§ 23 AN IS 2N AG % e U5 18 ; KALE 5L ( Hemerocallis hybridus) (B A6 T ( Campsis radicans
‘Flava’ ) %5 18 FALHAOMEE 24 W AL 5 11 6 A~ BAL K DI RERE SR 2] 5 5555 (Aster tataricus ) EATVIAE
HAE,

BAL K D RERE Dt 4 () R IEAE ) A A AR R (B 4) o AR MRS i 2 B9AE Ry DRERE | BRI Ui
[AAEALEEBRAMG S5l 5 26 T ( Campsis radicans) o 2%5¢ HEACETRAMg 5 I 3k 4L ( Physostegia virginiana ) 55
)32 B A PRI ) B %, BRI X L AB LR B RANARED M 5 eI B R (Prunus X yedoensis
‘ Somei-yoshino ) S #5 A RHE Y (1) B WARGY . WSS H B AL BB W (Salvia farinacea) |JREBEALSKEK 5% (Abelia
chinensis) T 51, £ 5 0 5 7] Fx 22 19 2 & W &k ( Rosa multiflora * Grevillei” ) | 28 & ) &) 2= 1% 2% ( Potentilla
reptans var. sericophylla ) 1 *% 2 ( Symphyotrichum novi-belgii ) , %538 H W 5 5 8% & 0 1k . K HE ( Hibiscus
syriacus ) 5L H 2= (Rosa hybrida cvs.) iG]

2.4 ETPRRIE T AL T Sk A% Ky B R D AEA T A R R R
241 JuRU SR B U AE R i 4

X AU Sl T S, S A% 5 D REARE X g Ry USUAEL ) 1) 7 1) B A9 55 A6 B AR AE R A 7 B X 1 43 B (CCA)
BARBRI 2 (F=2.011,P=0.006) , 55— | “HEFHERTHIERE 7168 B RO 2822 7Y 67.31% , UL AERR
FRIERE AU O R E mt I T S b A5 By B RV U 22 5% (&1 5)

http ; //www.ecologica.cn



8 xR 45 %

4 TEEMIEHSHEIABRSH 40 HERERRENXRE
Fig.4 Relationship between main pollinator functional groups and the 40 most visited landscape nectar and pollen plants

P BT R R i AE BRI

SE XU EI(E 5) Keds LA R TER (3R 5) AT, 6 A F 2458y T REAE 2 Bt AN [] (4 4 3R 45 AE 15 1) g
Gr AL SO AU A B HEAE Y T V1) 0—90° IR SFIRAE R | e G AR AR AV 17k 0 S D - D5 1)
JORAEF? B B O R AESe . B Ui A AL S5 B AE e T I #16] 45°—135° S HCRAETE = A
MR SLLERMMA, WML SARAE T JF O n 00 JRIBALT S AEe . £ 17 0 R 4F 15 ) 3k
AR T 0° B JC BRI AESE . B F A A U5 T B AR AE TR S X PR AE e o BRI ) 7 ) EE ]
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2.4.2  AETPRAERS JUHTIRT Zxt A4 53 B2 SR 1) 2 1828 AR ) AR N BT ik

Jenth Rl 6 A~ AL THREREUT [ AL 32 4% AL AR AR AR A4 52 i R BE AN AR TR] (181 6) o X T4
WIS, B JERURIAE % I 1 8] 1] J2 52 0 15 ) 21 B3 A 14 5 A TR R AR, 0k 57 STk BE 0 51 9 13.58% 55
11.81% o XA 1 e 17 1] 2 A 1 BT IR 38 i R ) S A6 P 2 2R, i 57 Sk B2 10.929% , JL U BEEIE (9.
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B 5 EECHMINEERSEIMEHERNHSEX K5 (CCA)
Fig.5 Canonical Correspondence Analysis of main pollinator functional groups and floral traits
Ants ; I8 ; Solitary bees : AP 12 ; Honeybees : % 1 ; Butterflies ; B2 ; Hoverflies ; £ 8 ; Coleoptera ; #5381 H ; Flower size : ££ K/ ; Corolla tube
length : 67K 5 ; Solitary . HLAE1E ; Raceme ;: SARAEST ; Umble : R ALY ; Panicle ; FI4EFE )T ; Spike : FEARTE)T ; Capitulum ;: SR FE T ; Compound
corymb ; 52 4 B AE )T ; Verticillaster ; #:4E ¥ ; Roseform ; 3% £ IR 46 5 ; Cruciferous ; T 4L ; Papilionaceous ; 8 7% £ 5 ; Campanulate ; #4R 4
5tf ; Radia : 8 RAETE ; Salverform . = BIBERTE 56 ; Funnel-shaped : s 2| AR AE i ; Labiate : J§ JE 7656 ; Distant ; 85 4R 485 ; Simple : 51§ ; Complex: &
¥ ; Radial : 55 S5 %0 Fk ; White : 11635 ; Pink . B3 6 5 ; Red : 2162 5 ; Yellow; B3 5 ; Odorless : TEU K ; Aromatic ; 75 75 )

22%) o AEFFIRIL(13.71% ) HIAETEIER (12.00% ) 10 B I T IR AL AL b o 2 S Hfr, X T3, fE @Ry it
SETTHRIE Fe i (15.69% ) , HIKIAER/IN(T7.12% ) FIAE TR (6.68% ) o AL TS TR A £ 907 b 5 1) 2 B i [A 3% v
o AL, H ST BRI (11.79% ) i i T HABAETRFAE 5 B A S RARL, LTS B 15 48 e S 1 A S Bk
Sl H 5 R 4R A A A SR BAETRARAE | B SRR L 225 17.46% 5 12.04% , IEEAORE , R 2 Bfe ki U
REREAY T AE R PR 2232 BIAE P 2R T 5 A0 T 2R T i) £ B2

3 iTtig

3.1 AERRRROEXS AR B SR U AR T B R

TR F SRR AN Db R BE AL B b JFAEAE Y 5 % 0 B OB B T AR AR AE BRI e R Y Thig
FRABLA 2453 B R X AN R DR i 2 B L — 5 A A R A, TTTARL 0 ol by W 5 | A3 B TR BT S B 8 — R B 4
AR, SR £ M3 B L DX AR AN TR R 26T AEAE P (AR ) L ARBIF 5 e b s Tl i T 224 4y D R R AR o 22
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Table 5 Nominal variable analysis results of main pollinator functional groups and floral traits
AEFRRE %51 LYES AV B o B B LSpRE|
Floral traits Category Ants Solitary bees Honey bees Butterflies Hoverflies Coleoptera
iy A 247 90" 586" 12 33 47"
Inflorescence type SRS 177 88 48~ 10 20 4”
IBAEIT 19 21 140* 8 2 6
HRIE T 21 134 26 27 9 0
S ARIE S 72° 253* 60~ 66* 80" 13
U HEAE ST 619* 224* 30 9 22 7
CEOZyidsd 32 1 0 0 2 0
RYACT 256 349* 143 57* 29 65*
BT 7 12 76 31 0 0
P B B B B EEES EEES
AEZ=TF O ) 0° 425 300 111 74* 96* 14°
Floral orientation 0°—90° 693* 350* 240 67+ 58 86"
45°—135° 332° 520 748* 79° 43~ 39”
90°—135° 0 2 2 0 0 1
135°—180° 0 0 8 0 0 2
P 5ok 5ok % % % 0.609 * % % ok %
TS TR A 660* 328 644* 16~ 56 73*
Corolla type TFIAL T 35 19 27 9 8 5
IR AL 3 122 105 16 6 4
BpRAEE 39 61 6 7 2 34*
HARAE 0 1 65 0 0
FEEERAE R 277 25 7 30 18 11
1AL E 597+ 189 77 24 14- 1-
IRAIRAE T 0 0 5 0 0 0
HrEREE 72 253* 60 66* 80* 13
JEIE AL 17 173* 113 52% 3 1
BRI AL 0 1 0 0 10 0
EEE LSk 1423* 1148* 671 214* l64* 83~
Pleiopetaly state ik 6" 20~ 431* 6 26 43*
it 3 21 4 7 0 7 16
P kK sk EX X * kK Kk EEE EEE
X PRtk A SRR 1314 853 865 150~ 168 136*
Floral symmetry PR 136 319 244 70* 29 6
P ko ok ) ok sk E3E ok ok ESE S ok ok
piRul B R 698* 245 367* 37° 50 18
Flower color AR 49 136 172* 14 16 32*
FARCE 256 58~ 241° 6" 24 58*
WO R 166~ 397* 41" 52 41 13-
AR 281~ 336 288 11+ 66 21
Ak TR 337 278 62” 28 75* 16~
Floral scent R 1113 894 1047* 192* 1227 126*
P ko ok ) ok ok ESE sk ook ok ok ok ok ok

“_»

7 TR T R AR A B A 2 VLR L BUMMEL R Hh 209% ) L -

20% ) 3 P HACZ T4 SR B 21, P<0.05 I« = 7 2R, P<0.01 I« == " IR, P<0.001 FI* % 7 IR

FRBME FIAESFARAE 22 18] 59 AR S (0L (I Ll BUYIME AR
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Fig.6 Contribution of different floral traits for variation in pollinator visits composition of main pollinator functional groups

D PIAANTE AR R I W] R, X 5 0 TE AR B AR AE S RG> DA T 2022 v iy
WFFE S R — 2, WD UE ] T T2 D AR T — M EERARAE T — R IVRFIE A 5, (3
F By AN X T AL AR M 1 [ 45 (R e 28 R T 1% AR5 v S [ A A AR A X ) — 42093 Ty RE A7 1) 41
JRAE A B4 TR 2 St PR UIE S X — WA, ) o S8 T AR AR AR AR A AR A0 2 32 B BRI N T A I R 52
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FFEAEAE ) WAL AFAE 322 A IF AL 2URE FAE A B A7 T S0 45 5 W D AR R £ ) L e P IEURE 2
T, ASBETE R 66.7% 1 T2 ZAL A3 DI REREVTAE L - 32 B AL P2 BB REMA , JUHIR XS T 1 3 S AN Wi 75, 78
PP 2R AT (M 4L A i b 7 ST EE B o 1R T HES 5 X5 TR AEIU AN TR] , A6 P 26 0 22 1) 3 7 B DAL
FeAERYECA 72X P AFAE2E 5 7 [l A i 286 0 1 e vl s 26 SRR T AR b R A/ INAE TR IO 5 T 7
5 EA o WA BRI AR HE TR R L B SR A s IR AR S R I 4

FEAETIAL DR T, AL T2 AR RS ACIF 5 e e I e 55 3 [ 7 ] 2 A2 A P e 2 ZEAE RS i %
PRUE CEOEVE AE/ D AETE R BE A —E R L2 1 BREEE H LA A 2 DhReRe . AT LA
INTEIE — 2, M T AEE 5 18R, JE BT T 2k i v 2280 D RE AR A U5 46 Dl 4 B R R 88 M =2 B AE TR 25 405
FEIX —JEREAE A SR , A5 R DU S 3t ) B 2 [RDRE EIIE 13X — W, AEBOTE S S5 R % 1% 3 B
AV G5 RIE R e B o T B U A S IR A e 2 KO- R A%y L AR 1 ) k1 22
SR BOR B ARG SIS L, DX AR AT A5 S R e 1 FLAT o JEE (R S 00 e i e A B A S
TR S8 IR 5 AR i O A/ T IRAETEE , 35 F AN i PR AE T, (e A R A T A ) B L B vy
AT R, LA R A AESR AETE T LR BB AL R A U - B AE 4T, A48 K B B sl e , A )
TN R U VE AR5 RO, D R BT AR A TR I AR5 S Y R A A L B 1 Y e
SRS TR AL SR R AR AR  (E B AORT | BRI DL AN 32 248 D RERE U5 ) LU 1] 12 3¢ B Bt 46
A BESEINTT R R S il T RIS S5 AR AT A AR AN 2 AE T A T RN 5 B A BRI
AL AL S WA A7 AT A (R | DR e B8 1 T <1 TR AR S AL A 9 A £ A S 0 0 L o
iy EIROE S8

TEABIZE T, A8 (L R R B2 U5 1] 2 28 T Y e 2 28 PR 3R RSt SR B Xl 5 € R AB T B S Al 4, 3
SHIABIBF LS — 22 SRR R G A28 W OB A B TR A IR G 25 5, D
XTSI = AL AR TN T SRR B R ISR AAEAE [ AR 5T RRE BRI XS [ 22 S
TR RPN S E N X AT REE—E R LAt TR S O R AL AE e Ff . Bk B i) 48 (i ip A
32 B HAN B2 22 57 (s ) 3 0] B 23 AR (3 FAB 0 HE VA AL CL 2 G i AR AL PR ok e 807 S R ] o
L5E He by B RO AR R AL TR IE A R R A2 B 5 i, A6 R D diety S I BIL, RARRRE 5 5 1B 3K
T 3 B s PR e (AR 2 ST ARSI — B, FRATT R I e 5 R I L X O A A SR P AT
S BEARIEE B b 5 A A B SRS
3.2 BTk R AR BT SR AR Y s UL S A B

AW RN T AL R L R 6 H 141 X 24450 2 nt L b XL SR i DT AE B ok
AR F AT AR U TE A 3 T 2o i BAT Bl 150y B AP =S (W) A 7, e Al A SR IR A B T4
PR TSR Y £ By B ORI (TR B IR 2R R AR IS 5 T, R B A R 2 1 43 2y 2 R, 7R
Pt Sl S i T % B A SO IR ) 44 302 ARBIF S R B SR 36 SR} (Fabaceae ) B i
W3 | ot A by B s In] , Sk A 3 i HA 5 00 AR s SORAE Y R AR S-S A R 07 | TR I 32 31 2
Y SRR RS R A AR DRI . BRI Z A, X s RUAE TR | R 5 00 AR LA R TS A R A
U AEARAE B R (Salvia) 1) 1 BERS WA B K R B U5 AE AR . [R]—Fh s AR 038 5 A2 AL SRR AL
JE AR LR, IR AESE A, R T BRI | B AR L0 A0 B AR (AR S oG iE ), (W)

HRMRH TIRERR S LD S AR BRI A 7 (Anaphalis margaritacea) S )RR A5y B U5 ] ke T ) B Ay

FUA BB IRAEAY) DRI DA SN DAL D T s B P, 107 S 5 o ey DAL ) ) IR R B R 26 JR 4l 5
Py ] AL BRI K A (00 BB ) 4 2 S R A T 1B H

ST AL ) T AEABL ) 2 5 224 | SRR T 225 () AR ) Pl 28 A 8 55 1 R TE A SE 22 b o S8 (AT
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JFH A ARAE ) rh AR O 2 ) B IRS A AR A FELME LA G2 i . ASF 5 i A 2 11 362 FhITAEAE Y b, T3 A e it Y
BRI RIS TE ARG BAE A B S D7 0], DU 53 0 ] B A PR R T 2 32 AT R0 B 5 e . — T
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SRAEFT EBOR AL 5 0 5 60 R AE RIS AL RRAE rh R I B S A A B L 35 A DL BRI 2 31 24K
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WEIE AETEAR Y10 Z2 U510, LA BB MR T3 €0 R AL TR PR A 055 . R I T 2ty rh B2 S AL ) 1B BB AP AR 1 22 4
PEXT AR T A2 4 B R 2 EA BRGE e) , Z2 b A6 BRI 14 3 [T 1 ] A e sk S B — B OISR Ao 22 5t /i
SEULH LSRG R

REARBFEIFARRA ST YRR IEXT A4 B U A6 i), {H 235 5 e X A% 6y B e 2L 5 | 77 1 40 Fid
YA LAY 5 kB 57.5% , BT NAYIE 2RSS AE I T & R L K B B R R R A Y
Il T 5 Hb R SR AR 14 1 B A9 Ry FH BRCER 7T RE 25 3 5 A% oy B ORI ISRAE ) I AR R — e R ARl o
KA AR e 2 P BOS M0 LR S R GERa e V2 3 B, 10725 PR BB >4 1) KU P Al A BRSS9 80, A
MR LRI BEBIAE | FEAMR (Melilotus suaveolens ) 55 H AEREYIXS TA& Ky B A BGR IS [V, B AP
T A A A B AR SRR P R BP0 P 3 I A o L B R AT A 22 3R A B v R A% R R BT XL
W23 AT kil A IR AR B A A X DA SE B AR B Y RORTEA A SRR T A e AR
ad AR N TR R T AL SR ERAE A AT | i — 2 25 A M TR ) A R AR 5 1 S i A T % i

4 #hig

e Hoy B BT I P 08 A A SE AL T 50T, STy St b oo BBV B 15 2 0 M DR DRI 25 A 28 2
T RS e S 5 B A N DA ) SRl D o SR A% oy R T 2 i P S i P B A AR ) el
RAEE AERRRREZAE A0 B IR UTAEA T 32 B AR ) AL PR AR IR A 5 5 0, AW 58 AR AR AIE A 7 JEE
Xt AN [5) BEA5S UAEL ) 0 o ) A Ay R R T AL IS 2 S R R R, mal DR il i 2ol A e R ) JE R R (IS 52
P A5 RRUIC R S i S RE R R B AN BT K 141 A BSIRAE Y AEZRIT I BT B/ E IR
A R ER 7R AR B 2 EEALR D RERE AT IR . BRERIEZIM 5 LA DI RERE VT TR 41K
AR 2 B AL P 5 ARSI ) 2RO, FEAE R AR LR T, AT AE (5 18R, B S 4 M e AL Uk T
gl ALKy D RERE VT AL L P ol A 4% T ORISR o ARRBIESE al Bk — 2D 45 S e v 45k S5 M
LR SR TR PP P T 5 D SR ER G 20T, LUSUI 2 T A o Bt 22 R (R B 1) 0 T o AT ) 5 L8 o 5 B
PRPETERL: TR,

£ 2% 3k ( References) :

[ 1] Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Current State and Trends. Washington, DC: Island Press, 2005.

[ 2] Mace G M, Norris K, Fitter A H. Biodiversity and ecosystem services: a multilayered relationship. Trends in Ecology & Evolution, 2012, 27(1) .
19-26.

[ 3] Lefcheck J S, Bymes J E K, Isbell F, Gamfeldt L, Griffin J N, Eisenhauer N, Hensel M J S, Hector A, Cardinale B J, Emmett Duffy J.
Biodiversity enhances ecosystem multifunctionality across trophic levels and habitats. Nature Communications, 2015, 6: 6936.

[ 4] Ollerton J. Pollinator diversity: distribution, ecological function, and conservation. Annual Review of Ecology, Evolution, and Systematics, 2017,
48, 353-376.

[5] HUEHE, ousk, XNAE. RS R R SRS B RS T, AEMZHAE, 2015, 23(3) ; 408-418.

[ 6] Marini L, Quaranta M, Fontana P, Biesmeijer J C, Bommarco R. Landscape context and elevation affect pollinator communities in intensive apple

orchards. Basic and Applied Ecology, 2012, 13(8) . 681-689.

http ; //www.ecologica.cn



14 GO O 45 %
[ 7] Wagner D L, Grames E M, Forister M L., Berenbaum M R, Stopak D. Insect decline in the anthropocene ; death by a thousand cuts. Proceedings of

(8]

(9]

[10]

[(11]

[12]

[13]
[14]
[15]
[16]
[17]

[18]

[19]
[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]
[31]
[32]
[33]

[34]

[35]
[36]

[37]
[38]

the National Academy of Sciences of the United States of America, 2021, 118(2) : €2023989118.

Hall D M, Camilo G R, Tonietto R K, Ollerton J, Ahrné K, Arduser M, Ascher J S, Baldock K C R, Fowler R, Frankie G, Goulson D,
Gunnarsson B, Hanley M E, Jackson J I, Langellotto G, Lowenstein D, Minor E S, Philpott S M, Potts S G, Sirohi M H, Spevak E M, Stone G
N, Threlfall C G. The city as a refuge for insect pollinators. Conservation Biology, 2017, 31(1) ; 24-29.

Baldock K C R, Goddard M A, Hicks D M, Kunin W E, Mitschunas N, Osgathorpe L. M, Potts S G, Robertson K M, Scott A V, Stone G N,
Vaughan I P, Memmott J. Where is the UK’s pollinator biodiversity? The importance of urban areas for flower-visiting insects. Proceedings
Biological Sciences, 2015, 282( 1803) ; 20142849,

Winkler K, Wickers F, Bukovinszkine-Kiss G, van Lenteren J. Sugar resources are vital for Diadegma semiclausum fecundity under field
conditions. Basic and Applied Ecology, 2006, 7(2) : 133-140.

Harrison T, Gibbs J, Winfree R. Forest hees are replaced in agricultural and urban landscapes by native species with different phenologies and life-
history traits. Global Change Biology, 2018, 24(1) ; 287-296.

Schmack J M, Egerer M. Floral richness and seasonality influences bee and non-bee flower interactions in urban community gardens. Urban
Ecosystems, 2023, 26(4) . 1099-1112.

255, M, FICE, o, BE0. AYETRARIE S UifE B B AR O R ATHER. tHEAMOLPEST, 2023, 36(2) : 26-31.

Barrett S C H, Harder L D. Ecology and evolution of plant mating. Trends in Ecology & Evolution, 1996, 11(2); 73-79.

EBEH, BT, EEET, S0A. Y5 R R R A P R AL . R ESE S R RleE e, 2019, 64(16) : 1702-1710.

IR T, BREME, IR, Xl SR AL ) M SR T AR R A B A e SRR R . N AR AR, 2024, 35(7) ¢ 1968-1978.
Fenster C B, Armbruster W S, Wilson P, Dudash M R, Thomson J D. Pollination Syndromes and Floral Specialization. Annual Review of Ecology,
Evolution, and Systematics. 2004, 35(1) : 375-403.

Gong Y B, Huang S Q. Temporal stability of pollinator preference in an alpine plant community and its implications for the evolution of floral traits.
Oecologia, 2011, 166(3) : 671-680.

fEBE T e Ll B AR AR 5L BRI OC R MR s [ D] BIg%. PUBiRa:, 2021.

Sikora A, Michotap P, Sikora M. What kind of flowering plants are attractive for bumblebees in urban green areas? Urban Forestry & Urban
Greening, 2020, 48 126546.

BET, R, HOA. BTGB E BTk, LIS R, 2018, 26(5) : 433-444.

Wang H, Ran N, Jiang H Q, Wang Q Q, Ye M, Bowler P A, Jin X F, Ye Z M. Complex floral traits shape pollinator attraction to flowering plants
in urban greenspaces. Urban Forestry & Urban Greening, 2024, 91, 128165.

ML, PSR, WS, (LU, 1 LR R Ry I 28 B R ZE T B, AR SRR, 2022, 46(7) : 775-784.

Wbk, EAL, BEEZE. AU W B YA A I £ R AE S R IR A ). AR A, 2021, 41(22) : 8892-8905.

BEEER. AeRtyiE R R g, dbat. d 7l hidt, 2019.

EEEL, E4. dbatmfol B R E R () 36 H. Jbat, BRaE sk, 2023.

R, BT, WS, PRase. A s s B % FmP. mPCRAE b, 2018.

ikEaE, oo, P ER RASREYE. 2 M. TR, RS HAREE, 2019.

Hegland S J, Totland @. Relationships between species’ floral traits and pollinator visitation in a temperate grassland. Oecologia, 2005, 145(4) .
586-594.

thERA G E YRR S P ERYE. BILE. B duet . BlaE i, 2002.

B, AR LS. JERTHEYIAG. 2 R dEat: JEst R, 1993.

FBAE, ZokAL. RS R R EAER. Jea. BleF it 2023,

iR, S, AR, kil R, fHAR, B, BH W, TRE, TR, WHARYAL @5 Bk B U T3 1 G R IR FTE .
2R, 2021, 48(10) : 2001-2017.

Reynolds R J, Dudash M R, Fenster C B. Multiyear study of multivariate linear and nonlinear phenotypic selection on floral traits of hummingbird-
pollinated Silene virginica. Evolution; International Journal of Organic Evolution, 2010, 64(2) : 358-369.

HPET WA, 5 RIE R B AL R AT e S IE. YRR, 2023,41(6) :719-728.

Ollerton J, Alarcon R, Waser N M, Price M V, Watts S, Cranmer L, Hingston A, Peter C I, Rotenberry J. A global test of the pollination
syndrome hypothesis. Annals of Botany, 2009, 103(9) : 1471-1480.

BT, UK. TTAEREXHE A B AT B AR BUAS A5 M. A2 HEE, 2007, 15(6) : 680-686.

Teixeira S D, Borba E L, Semir J. Lip anatomy and its implications for the pollination mechanisms of Bulbophyllum species ( Orchidaceae ) . Annals

of Botany, 2004, 93(5) : 499-505.

http ; //www.ecologica.cn



18 11 JEIER A% AUt FE AR E R R ) AL AR RAE SO ey B T 64T D B B2 LT S 15

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

Bliithgen N, Klein A M. Functional complementarity and specialisation: The role of biodiversity in plant-pollinator interactions. Basic and Applied
Ecology, 2011, 12(4) . 282-291.
Rowe L, Gibson D, Bahlai C A, Gibbs J, Landis D A, Isaacs R. Flower traits associated with the visitation patterns of bees. Oecologia, 2020, 193
(2):511-522.
FESCH, B, B e, XM i SbKk X U5 E R A4 55 A W IR A 5 4007 RILRE24R ( AARFHEIR) |, 1-6. DOL:10.16772/j.
cnki. 1673-1409.20230524.002.
Arikawa K. The eyes and vision of butterflies. The Journal of Physiology, 2017, 595(16) : 5457-5464.
H I {50 P Ay 0T -1 d T A B AL AR 5 WA 2 R PR R DG R ITSE [ D ] bt e mThRll R, 2022.
Russell A L, Newman C R, Papaj D R. White flowers finish last: pollen-foraging bumble bees show biased learning in a floral color polymorphism.
Evolutionary Ecology, 2017, 31(2): 173-191.
R RS, L8R, kN9 250 Am i, XU, dk S . T e e i ARt O e R D AMRAR ) AE @ B JERTRROL R A i, 2022,
44(11) :100-110.
Andersson S, Dobson H E. Behavioral foraging re-sponses by the butterfly Heliconius melpomene to Lanatana camara floral scent. Journal of
Chemical Ecology, 2023, 29.:2303-2318.
Chen C, Song Q S, Proffit M, Bessiere J, Li Z B, Hossaert-McKey M. Private channel: a single unusual compound assures specific pollinator
attraction in Ficus semicordata. Functional Ecology, 2009, 23(5) : 941-950.
Marr D L, Pellmyr O. Effect of pollinator-inflicted ovule damage on floral abscission in the Yucca-Yucca moth mutualism; the role of mechanical and
chemical factors. Oecologia, 2003, 136(2) : 236-243.
Rajbhandari A, Matteson K, Katz E, LeBuhn G, Johnson E. Bee visitation to flowers throughout New York City. Landscape and Urban Planning,
2023, 233 104689.

Soff, ERRds R, REB, BAT T, AT 203. U0 HE AR SOl PSR B 5 A JE bRl R 242 41, 2010,32(S1) £ 18-22.
Browning A, Smitley D, Studyvin J, Runkle E S, Huang Z Y, Hotchkiss E. Variation in pollinator visitation among garden cultivars of marigold
Portulaca, and Bidens. Journal of Economic Entomology, 2023, 116(3) . 872-881.
Pei C K, Hovick T J, Limb R F, Harmon J P, Geaumont B A. Native and introduced pollinators vary in their seasonal floral resource visitation and
selection between native and exotic plant species. Journal of Applied Ecology, 2023, 60(7) : 1424-1434.
Zaninotto V, Fauviau A, Dajoz I. Diversity of greenspace design and management impacts pollinator communities in a densely urbanized landscape :
the city of Paris, France. Urban Ecusystems 2023, 26(2) : 503-515.
ZEEMG, I, O, RO, S AU A IR T B AAE Y RN R SRR 23 RRAE. RS2, 2018, 38(2) : 581-594.

http ; //www.ecologica.cn



