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Abstract. Plant species of Compositae exhibit superior sexual reproduction. The introduction
of Compositae species for ornamental use may cause a high invasion risk. In this study, we
investigated the sexual reproductive traits of 12 ornamental Compositae species. The floral
characteristics, pollen viability, pollination system, and seed production were compared
among species to assess their sexual reproductive ability and invasion risk. Results showed
that most plant species could reproduce without pollinators. In addition, 26 species of insects,
categorized into six orders and 16 families, were observed to visit the experimental flowers.
Bees were the most frequent pollinators, followed by butterflies and flies. Plant species differed
in pollinator assemblage and visitation rate, as well as reproductive success. Considering
pollen viability, pollination system and seed production, we regarded Rudbeckia hirta L.,
Echinacea purpurea (L.) Moench, Coreopsis grandiflora Hogg., and Sanvitalia procumbens
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Lam. to be successful in pollination and sexual reproduction in this region, with a high risk of

invasion. By comparing the sexual reproductive traits among related species, we provide
instructions for assessing the invasion risk of introduced plant species.

Key words: Alien plant; Invasion risk; Pollination system; Reproductive assurance; Sexual
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Table 1 Basic information of the 12 Compositae species
Yy F D7 b i) pia ] HEE A
Species Origin Flower color Flower season Life form
T HZ Zinnia elegans Jacq. HEVH R W, WIS 6-9 H —4EA
W45 Cosmos bipinnata Cav. YR a9, H, 8% 6-8 H — A A
HBIHWAFE  Silphium perfoliatum L. Jbe P 6-8 A ZAEE
% Callistephus chinensis (L.) Nees ;EEQ&V#JIIT% RELNEE R M, 4L, %% 5-10 A — AR AR
KAE4: X955 Coreopsis grandiflora Hogg. M i 5-9 A EACRES
M4EE%  Rudbeckia hirta L. d63e H 6-10 A — AR AR
41 Cichorium intybus L. gﬁj\hiifﬁﬂ‘ LT B, e 5-10 1 44
i34 Cosmos sulphureus Cav. AV E ROV 5% 7-8 H — A
¥i54%  Melampodium paludosum H. B. K. Fr3E Iy 6-9 A — AR AR
e H24 Sanvitalia procumbens Lam. BT # 6-8 A —4EA
W4 Echinacea purpurea (L.) Moench — Jb3E¥H o 6-7 A 2
H 7% Tagetes erecta L. i H 7-9 A —AEA

DL 2R 12 Bl 9 7F R S5 5 b R 10 3% 455
TR KA AET e, Y5 Al 57 Fh kg Y B —
FRRE, ol HAG | ik g R AE 4 XS A A R
2 20 m?, e FE RN 5~10 m?,
FRREZ A 1 m DL b A8 B e g, H R S5 F
2016 4 5-9 A & 2017 4 5-6 A ¥t47, MLt 12
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JE | AEA R /NRIAE S B0 W 5 | 45 #y # HL A i 24
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Fig. 1 Pollen viability of 12 species of Compositae
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ARSLEH, AR LT T 26.75 h, 05k
FIRRIE 1017 &K, VifER RAT Ik 21 Ff, 4
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Fir, (G UTER SR B 38.1%) , HIK R R
H(#h, 523.8%),

*2 EHERBRESSITS

Table 2 Comprehensive scoring results of plant remarkableness

I, T . " i/

%ﬁl Cap itfﬁurri E((ﬁ:meter Y Praﬁri*r':a]ir;:ht i N uﬁgﬁ?ﬁien i ngrr?rr:;ijg n

Species (om) Rank a (om) Rank b flowers Rank ¢ a+b+c
HH3 7.57 +0.47 10 88.95 + 20.14 7 2.90 = 1.20 1 18
P a 4.72 £ 0.58 6 98.20 + 17.64 9 12.60 + 5.98 11 26
ER P A 6.45 + 0.98 9 120.17 + 21.87 12 4.75 + 3.92 4 25
et ) 4.34 +0.44 5 41.90 + 3.21 2 10.64 + 4.06 9 16
KACA A5G 4.08 +0.43 4 49.60 = 9.79 4 4.67 +3.01 3 11
RN e ] 7.66 + 1.02 11 91.80 + 17.80 8 8.10 £ 5.97 8 27
HE 2.62 + 0.26 3 68.80 + 16.07 5 15.60 + 7.13 12 20
i fits 44 4.87 +0.42 7 101.25 + 16.27 10 7.33 £2.42 6 23
B A 252 +0.15 2 4175 £ 7.22 1 11.75 + 7.52 10 13
LAk 192 +0.13 1 114.00 + 28.02 11 771 +4.42 7 19
VNS o] 9.95 + 1.57 12 82.3 + 15.45 6 5.10 = 2.08 5 23
V=] 5.36 + 0.53 8 46.79 + 7.15 3 3.71 +3.04 2 13

TE: RPWRAITELAWNEA,

Note . Latin names of the study species are presented in Table 1.
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Table 3 List of flower-visiting insects

B gy fip

Insect species

Vil B UiEEL
Intention of Number

visitation  of visits
&8 E Hymenoptera
WL Apidae 149
# A% Xylocopa appendiculata Smith W& FH}
iR} Halictidae 462
EHR KRR Evylaeus calceatum Scopoli Wk . SRk
TR Halictus simplex Bliithgen W Rk
+#F} Scolidae 30
HEKNE 14 Campsomeris annulata Fabricius W% . %4
IR} Formicidae 4
1 Fl &S
#5398 Lepidoptera
kA Papilionidae 122
EH R Papilio polytes W
155 XU Graphium sarpedon W 2%
2R Nymphalidae 52
LSk Argynnis hyperbius Wi
FHHEE Damora sagana ( Doublerday) W 2
R Pieridae 55
L% SR Colias erate Esper 2%
FrERL Hesperiidae 20
FEF 1% Parnara guttata Bremer et Grey ;%
e FRIE Pelopidas sinensis Mabille W 5
kA Pyralidae 3
FBRH T % Hymenia recurvalis Fabricius 1%
WAE Diptera
Er i Syrphidae 31
WA Episyrohus balteatus De Geer W& . KAy
Hi#EAL Calliphoridae 26
28k Lucilia sericata Kt
A1 B Stomorhina obsoleta WeH | KMy
R Muscidae 49
K48 Musca domestica L. Khy, R
8538 Coleoptera
H-HI%L Chrysomelidae 6
1 Fh LGy
#hB Coccinellidae 1
1 Fl ki
E3##E Orthoptera
R Locustoidea 6
1 Fl W, pRE
2488 Thysanoptera
#j SR Thripidae 1
ki e

MUTAERECEE , B H B BT & b 5 e
(VIAEUREL S BT BB 63.42%, TR, HK
g H (24.78%) FIAGH H (10.42%), HER
R TTAERER b BT AEE LL AR R 2% .,

BRI, 255 R M SRS RN A6 T 3
AERES, BEAAGENE, FERELERF R
WRACKY , FE— 2= 46 b 455 B8 B[] AF 6 #5 (4 ~
5s), HATAMEE, &S F—P R
g% WERDIM S SRR IBAEE 2, fE—2qk b
MR IR T (2 s ity ), SR DT IRER D,
BRTROAR AR 5 WRSAEAE L 1945 B B (I AR
K, EERARE, BIHWHES), ArSIEE
¥, DB B AC R W AR A B R an e
W B AE RBUN ) DiERE >, ZDHE AL
aREREC T, BRTEAAR DA, WA
K R SRR ALY, X2 B BN A ) B A% K BT
Bk D, EEE A BEXTH Y AL B E , A
AR
2.4 FHRARYMNEBESR

MEREA YR LR B (R 4), B
RO RN R B0 B U AR AT R s B Oy . R
AR > WA > MR >4 E >IeEE > 6
M35 > RAESA > A4 > HHA > 3% > B
Dats > wmar s, H, SRR Ps
PASR A U A i e, R AR R H A e
X B, BOLAOUHR, WA UL AR,
IRIAZAC oL = LI S VO K

122 MR, A B4, R E R
Vit R YRR R Z AP RGE, R
5 WRRMES, Wy H 4G U R B Ak g e —
X, ZREMEACEEAR; Ak, WA RT A T
16 B AR A 2R EAIR
2.5 HEXRER

H T sz 8] — T, e 0sn
TEFF 2 . BRIEINSE . R45, RAEENE . 1
FHAL, HEYRIa —E MBS S, HpmE
IR AL R H 1 DL BT RE = A (228.40 =+
A3 A RPN T (R 5), TEARBEMELT, Bl
SOGHE A R R, RN R RS
(817.79 + 333.28) ki, HUCEMRLE, FiF - &
(132.55 + 47.65) ki, B 451 F AR 45 55 o ax
%, BAAETFAAFIT(8.50 + 1.86) k(% 5),
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Table 4 Pollination system of Compositae species
lﬁwﬁﬁi
Py WERR  BUEKHN) | EFRERS (K0T EREUHBS) hEIRERED)
Species Observatlon Total number (ﬂﬂﬁﬁzy\ﬁmg@ ) Visitation frequency Pollinator Pollinator species
period (h) of visits Main pollinators (visits per flower  species richness diversity
per hour)

HHZ 3.50 35 % e et 1.2500 4 0.5780
gz 1.25 89 (32 4.9444 2 0.1060
RN 3.00 280 Rgige A A% 5.4902 6 0.6310
K 1.50 61 hgdge ot 0.9037 4 0.2091
KAL 40555 1.50 41 B% b B 1.3667 5 0.3010
LN ] 2.75 14 PN 0.6815 4 0.6020
i 2.75 186 B% ¥ SR B i 2.2012 9 0.7731
R S] 2.50 75 AP XU A e 1.4218 6 0.7420
WG A 1.00 3 I e 0.0992 3 0.6667
i H 4§ 0.75 55 i g 1.9130 1 0
LN} 3.25 146 TS IR e T 4.4242 5 0.4797
k2] 3.00 32 e gt 1.3196 3 0.1738
Mt 26.75 1017 - 21 -

s HEALK B YIRS REESR BN, RAME R F T RERE (functional group) MIWEAE 28] | MR R RARE . IRBUARML . DiAEAT RERIN

Bigh—3, 16k,

FEE B, SRR T A R
Notes: Pollinator diversity index was measured by classifying pollinators into 16 groups, including Xylocopa, Halictidae, Scoliidae,
Formicidae, Papilionidae, Nymphalidae, Pieridae, Hesperiidae, Pyralidae, Syrphidae, Calliphoridae, Muscidae, Chrysomelidae,
Coccinellidae, Locustoidea, and Thripidae. We used functional groups instead of insect species as related species are similar in
body feature and visitation behavior, and would exert similar influence on the flower[?®!. The Latin names of the study species of
Compositae are presented in Table 1.

&

5 BREMIMESHNE

R

Table 5 Seed production per inflorescence of open
pollination and bagged treatment

Wyl H AR EE T8 BARGE TR

Species Seed production of Seed production of
open pollination bagged treatment

HH3 21.68 + 14.87(19) 31(1)

W3 10.25 + 12.28(20) 0(3)

BRI 24.80 + 7.24(19) 16(1)

£ 38.00 + 45.33(20) 0(2)

KIS 91.95 + 29.87(20) 0(5)

W44 817.79 + 333.28(19) 85(1)

A

)
LA
PAS 4
Ti 545

15.22 + 10.16(18)
15.45 = 7.93(20)

8.50 + 1.86(18)
66.05 + 21.31(20)
132.55 + 47.65(20)
16.21 + 29.37(14)

0.75 + 0.84(4)
5(1)
(M

6.33 + 4.92(3)

228.40 = 43.44(5)
0(4)

T SN AR, SRR T 22 R A1,
Notes: Numbers in brackets are sample size. The Latin
names of study species of Compositae are presented in

Table 1.
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WA sg . A SE Y AL e A A EE |

XoF 3k S W i AT AL R LG RB ‘ji¢iﬁ*@ﬂﬁtﬁ
R Ry R, 20WE 26 F(JET 6 H.
B R, %*ﬁ}%,ﬁﬁxﬁiﬂc(generalized poIIina—
tion system), %45 %5 Cerana® FIfga4E " 1y
ISTERE S %ﬂﬁ%%%%%?ﬁm%&ﬁ%
SRS R T IR G ED . I #i A Z
FE, FEARMIGE R, B0 H BSOS, DU
Hiie kR Fh i 2, TEVIEREOTTH , S H
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BRI R 2%, 2% 2805 46 B A D7 AR R
BARGERRHE | D47 SR AT SR B AU RN,
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B, kLY R Z AU i H LA I B R )
M, HEZEDIER MOy, Ry, Bod
JCH . B AR TR R R AR, U AE R O
KM BEE . BERAE, UTIER AR A
MR, 498, By, s d S my il
FE R BV ECR R AR R, ERUIER H
NS WERMIEIE i H A DT AE R SR AU B
—K, ZHMACFRAL, HEMIHERRR A/ @ Rl REXS
BARAA—EPUER, e TenRRY
MRCBAR, B2 B DT BB S S BER AR, Y
M4 Fp AR KPR
3.2 FHAREYHERHEBERISNERKE

LEEIMER AL, TSR 4% A
SEEF AR A TSR RAE, FRATIERE
BHG S AR OL . B4R A SRAE IR DA O F2 5
PETIEAR . BE 12 MY R ZREEAREE L, X Rl
SRR FRHE ST AT REVT N T K% 1 SR AE Y A= 11
FERS = BB ST, XM Ry 5 L A T
(¥ SIS X T AW IR A R
ZAEULENR, BITAVROEEH ., IRH, K
PEEX05 . W H AR A AR N . Hor, B
DB EH BORERIER AR, (HEHA BRI AER)
1), BAREEICRM A REE SR, R
AT B R EIEORBERE ST RAEG NS S AR
AKEINE] A Zh A S aSO0E A A, (HE A RRET
VIAEARRIAE SRR, SINER— R A RHIE
FAARL; TRA SR AG A H A B S TR | B
ERENICRINASREE IR, SIRTT A FRHEA L,
Wi, WAL MR, Boets, R
B RAEENA . e H AP AT s 1 S v
G SIS

H AT [ AP RAE I XS PPAG R R T, KK
FhaRe s BT AV R B R, WP
Pl Be SN KA AR KA EOTAG AR R | PSR
il 2B B AS A ) XU VAl R e 450 e, [
SR A FEAAR KU A R GEHE T et . ok
W oA BEEDT AL ARBE 6 MR,
ROt KR4, wHA ., BN, Ik
. HAIA R ISR, 25 E B A 2 B

AR A B AR B AR UG, FEAR
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