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Composition and diversity of flower-visiting insects of 10 invasive
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Abstract: The reproductive characteristics of invasive plants are crucial determinants of their successful
invasion, and the flower-visiting behavior of insects affects the reproductive success rate of plants. In order
to explore the invasion mechanism of invasive plants in terms of reproduction, flower-visiting insects of 10
invasive plants in Fuzhou were observed from March to November 2022. The species, quantity, visitation
frequency and residence time of flower-visiting insects were recorded, and the species diversity indices of
flower-visiting insect communities were calculated, a plant-insect visitor network was constructed as well.
The results showed that (1) the 10 invasive plants attracted a total of 66 species of flower-visiting insects
from 6 orders, 34 families, among which Diptera had a high species diversity and longest residence time,
while Hymenoptera visited flowers with the highest frequency and the most frequent visits. (2) The plant-
insect visitor network revealed that there was a strong mutual dependence between certain invasive plants

and flower-visiting insects, and there was an obvious nested structure indicating network stability. (3) The
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results further indicated that invasive plants could obtain a variety of flower-visiting insect resources in the

invasion area and establish a relatively stable interaction relationship. The interaction between plants and

flower-visiting insects is one of the invasion mechanisms of alien plants. To prevent further invasions by

invasive alien plants by local pollination resources, we recommend removing plants before flowering.
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Table 1 Characteristics of 10 invasive herbaceous plants
£ AEATT IS HE
H i i A -
. (month) (cm)
Plants Family Inflorescence type Color of flowers
Florescence Flower height
—4E3%E Erigeron annuus 35%} Asteraceae 4~9 JARAEFF Capitulum B {7 Yellow and white  56.84 + 12.13
AL P 5T 5 Bidens alba 25 F} Asteraceae 3~11 SRAERY Capitulum 25 1% Yellow and white  41.11 + 10.95
g ) ) 35%} Asteraceae 3~11 JRAEFF Capitulum T Yellow 33.41 £5.38
Sphagneticola trilobata
gl ool R
. ) 3%} Asteraceae 5~10 JRAETF Capitulum T Yellow 58.12 +9.67
Coreopsis lanceolata
L4 Galinsoga parviflora 2P} Asteraceae 6~11 SCHRAEFY Capitulum B {4 Yellow and white  38.57 + 5.95
FEF ] Ageratum conyzoides H5%} Asteraceae 3~11 JRAEFF Capitulum (% Purple 54.69 £ 6.33
i H 24 Sanvitalia procumbens 258} Asteraceae 5~9 SRAEFF Capitulum & JH 0, Black and yellow 43.27 + 6.87
A H2§ Zinnia elegans 258} Asteraceae 6~9 SRAE Capitulum Wi Yellow 38.48 +3.67
8% Eclipta prostrata ZF} Asteraceae 6~11 JRAEFF Capitulum {4 White 30.21 £3.46
FH 25 B Trifolium repens B} Fabaceae 3~10 EUIRAE T Raceme 1€ White 36.32 +3.45

TR A A LI R ] AR O FAERT ] . Note: The flowering periods in the table represented the flowering times of the plants

during the observation period.

i/ NEs PR IR A AT DL B O T A WERTE LD
LhWREE—K, FRMEE 10K, FFRIEE 30 min,
REFMAE Y B H ELEIEE S d (W RAE ), i 464
RNV R AR AL BIRShIT IR, bR IE %
H5 min NUTAEIREL, FEE 60K ; 158 B[] A5 16
B — IR TE— 24k EIT IR, BIH BT
bty HEAZ 60 K (FRIHEIT B X 4x, 2007;
B, 2011) 0 ARBFTEAO A K TTAER R BEAT T
WL, AN S5 ] 7 A6 B 1
132 Rluse
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L HAEAE 138 3B B0kt B Ry o] S % Iy o
M (hEREASKEL) . (RERRE). &
R PR SO B AT S8, A I R AR
A Y E BRI
1.3.3 ZHME R

TR Z AR E . 5 AR HOm AL # J 45 5L
WE5E U7 46 B BB I 09 Wy Fh 2 R (o 2040 5
2022) ., Shannon—Wiener Z 4385 . H' = -> P,
(InP,); Pielou 2] 3550 :. E = H'/InS; Margalefil5
W TR R=(S-1)/InA; Simpson fL#EEFREL: D=
1-3 P25 P PORER i IR MBI SR

LB, SRR ITA M MEE , ARE
R PRI R SR
1.3.4 ViAEM LA E K o

IR (4.1.004) AfFhry “bipartite” £,
DA AT AL R O 5 5, DAUTE R B i U5
TERBONBERE, MEEDTAERZS . T8 Ui AE R HURY i
BRECD T 5, TERHERIZEET, RSk B
HIBR, AR ER R IREO T4 T S Y 13 FP L e

i FH “specieslevel” PR Btk & Yy Foog E
(Species strength, SS) . JH—1k 5 (Normalized
degree, ND) Fl%F 4k 7K *F  (Specialization level,
SL) o Wi B2 2 B — W ol BT A7 32 6 ) iR B 2 D
2 DUAH X U5 ) 3R A 5, ST LA S sl s
W 0 A P AR B X Bl ) 0 R P R A
(Bascompte et al., 2006). H—4k S REJEE R 0~1,
0 R/ HEY S UL R A EARL, 1 RosiY) 575
PR MR E R . WA () BUEE
BT 0f 12, 0Fmigizih, 13FnRErb.

i H “networklevel” PR LA 1155 N 2% 1 iix &
PE (Nestedness, N), H#xE45H HIR 45 1Y% 0 EE
(Nestedness temperature, NT) FR7~, & R(E
{1 0~100, 0F/RM4s LA SE iR ERISTH, 100
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FRTEEAE ., HHMNEHE T IR E
i3 (Weighted nestedness, WN), HBUEIEE N O0~1,
0 /R MK ANFETERE S, 1 FoR M4 BA 5836
ik Bt (LHEmSF, 2019).
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Table 2 Composition of flower-visiting insects of each invasive

plants

Hfce R Mo

:iii No.of  No.of  No.of

orders families species
P WL Sphagneticola trilobata 6 20 25
FIAE BT 5 Bidens alba 5 14 21
—4E3% Erigeron annuus 4 8 13
SN 4: 3825 Coreopsis lanceolata 3 7 9
I A 3§ Sanvitalia procumbens 2 3 5
FZE4MEE Trifolium repens 2 3 4
FETFH] Ageratum conyzoides 3 3 4
H H2 Zinnia elegans 2 2 4
A4 Galinsoga parviflora 1 1 3
8% Eclipta prostrata 2 2 2
St Total 6 34 66

R3 NEEMIHEERSHFEEHST

Table 3 Diversity indices of flower-visiting insects of invasive

plants
Pitb R Shannon-wiener ~ Margalef Pielou
Flower—visiting EZ R FE RS W
insects (H") (R) (E)

XA H

2.489 3.592 0.878
Diptera
i H

1.677 2.927 0.580
Hymenoptera
i H

1.727 1.988 0.720
Lepidoptera
LiEpRE|

1.550 2.056 0.963
Coleoptera
s

1.340 2.003 0.689
Hemiptera
B A A

2913 8.913 0.717

All the insects
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Fig. 1 Day activity patterns of flower—visiting insects on exotic

plants
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MARE IR ; R LAG  SIrt 8 XS s 5 6 MU
B BRI T 73R A A H 4600352 1 /b
REWRETIN, MRED, MEWIIE . Ak
RETE . —AEE . SIMSYE | 68 0 ) Fhom B
YIRT 1, Uil B 5 U546 B R TR 5 1Y)
WM o — 4 3 A8 T BT A R A K P AR
I3 0.419 F10.425, Jf HEesz 17 2 M B AT
B, BB AR B
2.2.2.2 VitE R B850 Hr

TERHUK- b, AR5 | 5 R S e Ry
Wb Episyrphus balteatus BRI ERT 1, HAR
7 W AR ) S B ) iR B2 R 3K 4.207 12755,
U] BIR U8 B B SR YA AR, U
TR W S R KR e . SRR IR Pieris rapae . <

T W R 3 OR R 0 1 R A KT 43 5 R 0292
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Fig. 2 Visualization of pollination networks
T ARTTAEARE Y W) T g = SO W Vs AL B B g 5 L3R 5,
%26, Note: The species codes of invasive flowering plants and
their corresponding flower—visiting insects were shown in Table
5 and Table 6.
R4 FREMBSE

Table 4 Metrics of pollination network

REAIE S

Traits Parameters
Vi B B A28 Number of visiting species 13
FEAEAEYIPIFP Plant species 10
i AU HUE Links 16 154
Vith B o K 4% 681
Maximum links per visiting-insects
4 H5 K 4 Maximum links per plants 3853
HEAE¥ Connectance 0.300
HXEEJE Nestedness temperature(nestedness) 19.265
JNALIR & Weighted nestedness 0.463
k7K Specialization level (H'2) 0.304

3 Gip St

AT R, 10 F AMZAEY A 66 FhijifE R
e, o B0 H A BRI R A, R EH Y
VIAEAT R g my BRI B 2 . SARIT 98 45 SR A
L, BRI (2018) WL 12 Fp DL H UL AR A1k
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Table 5 Parameters of invasive plants at the species levels

' T % R WA H— Al YR FEbKF

Code Species Links  Degree  Normalised degree  Species strength ~ Species specificity index
Pl —4E¥E Erigeron annuus 3853 7 0.538 2.533 0.419
P2 R4S Sphagneticola trilobata 1576 6 0.462 3.455 0.596
P3  BIM4:3844 Coreopsis lanceolata 1596 6 0.462 1.498 0.629
P4 FIAEULENRE Bidens alba 3279 8 0.615 3.109 0.425
P5 8% Eclipta prostrata 567 2 0.154 1.072 0.810
P6  FEFFHI] Ageratum conyzoides 1162 2 0.154 0.378 0.824
P7  EAAHHEL Trifolium repens 3316 3 0.231 0.648 0.656
P8 T HH§ Zinnia elegans 562 3 0.231 0.127 0.634
P9 A% Galinsoga parviflora 28 1 0.077 0.145 1.000
P10 W& H 3§ Sanvitalia procumbens 215 1 0.077 0.034 1.000

=6 HIEERYHKESE
Table 6 Parameters of flower visiting insects at the species levels

ELRE Vile R VitEEe R R Yy & FEbKT

Code Species Links Degree Normalised degree Species strength  Species specificity index
Al R Apis cerana 6281 7 0.700 4.207 0.325
A2 ERFIE Y Apis mellifera 5291 6 0.600 2.755 0.330
A3 WR[EE Ceratina chinensis 1603 3 0.300 0.512 0.597
A4 MRS Halictus aerarius 588 2 0.200 0.165 0.670
A5 IRIKEEYE Lasioglossum spp. 378 2 0.200 0.155 0.681
A6 DY Formicidae 108 2 0.200 0.044 0.716
AT SRR Pieris rapae 1061 7 0.700 0.567 0.292
A8 HHSIKME Celastrina argiolus 112 1 0.100 0.198 1.000
A9 HEAAT WU Episyrphus balteatus 193 3 0.300 1.085 0.608
A10  TPJRf#E Parasarcophaga 268 3 0.300 0.165 0.646
A1l ZXBEH B Menochilus sexmaculata 70 1 0.100 0.021 1.000
A12  Filt ¥ Mesonura rufonota 159 1 0.100 0.101 1.000
A13 MR MSE IR Aulacophora nigripennis 42 1 0.100 0.027 1.000

YR, KEE WX R .. 95235
(2023) & BLVY J5 % ¥ Apis mellifera Fil 5 F 1 5%
Syrphidae spp. & B & AAZAE P /NG LBk R (0 A 2%
ey . B B b 505 AR AR ) Ui ) & 1) 80%
7T HG B A L 52 3 B 1 U [R) AR AR (Kaiser—
Bunbury et al., 2011), Al UL, AfZAEY) 2 5 W

S B AAGH H B, 3 A] fE A o — S R
HADSGHE H R L, 7R 5 i | V4 5 % R £
WER R AR Ky T, AR 290 A 5
AL TR, QAR S FR AR Y, AT LA 5]
XA TAER B (Emer et al., 2015; MRIEEE,
2023) . JrLL, YHLEAZ AR AL K B AU AT fE A
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RN A S AL R

10 Fft 712 AR A 4078 AR HUAS A AT LA 5 |
WH . BEEE . UHH S Z R AU R B
M BEAE FR 43 B OO L AR AR, JT A AR
T EL S V5 B A6 X 45 o AR T R 70 T A% 4
KAFEAKT-0.47 CBHPHAE, 2024), 100 ARAHY)
ViE W25 i AL K SF-h 0304, BUE AR, 24k
JETE G AR U AR W 4 1tk Ol 19.265,
AN T NP A 5 FE B A5 I 26 21.06 9 18
(2Hromas, 2022), RBEEMIRELN. X—
SGERLH, WBAFAEAATZ LR YRl dn—4E3%E |
FIAE AT B Ry B RN R KR B e 45 X sy
TR Rl 32 5 T 4, [B] 4 4 56 RAFTETU
A, BT I B 12 A S B TR T Rl v B
IR fL i H:  (Kaiser—Bunbury et al., 2010), FE(
W2 AR B — BT, NN REE
FESR R — V46 BV 0BT A e ) T A
BEIE S M AR e, HRENE A RS AL BE VS B Ah Y
Kes CEYLRSE, 2022). [N, FEEMZH4 . H
WRER . —AFEE | S &X0EARBEYE S
VIR, WARTEY, BRAEEE, mAhR
S H AR, ARSI S5 2 Fh 2R 0TI R .
X ALY RENS (8 F AR b 22 Fh 1 4 B HUBE U
JFEEH S REETRENTELR, LY
TSP B, AMREY SRR E
VEX R BEINRAEY AR AL 22—, Rkt Af=
L 0 2o U7 A6 Y 4% 1 — 2 R AR M AR AR AR
HEBUIN X AR A W | AR T S b A P
NAZHLY N K-, R e AR A Y TT 1 ik
LB
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