B 1 2 i Acta Entomologica Sinica, March 2013, 56(3) : 293 —298 ISSN 0454-6296

FARMXINREN —FE L TRERN S HEHE
REGREFRENSREZE T

KR, ZRF, & R’

(RO R 2R, RAEMAEY K FELF AR BB FE M E ML LR E, FAt 210095)

?ﬁg: ﬁ%ﬁ‘%ﬂﬁ‘ﬁ%—ﬂz§ Efigeron annuus J:B‘Miiiﬁ?tﬁ‘;ﬂ%#ﬁ*ﬂ%ﬂﬂiﬁ?tﬁﬁﬁ@lﬂ%, Z'KE}?_‘EE@/‘?':W
X AT T 2L 2 SFREPAMAZE, RABEAER T T IR R A B B D AR #RE, BN (W R
TR —FEER) MUFREE (N B2 —FEENER) . AAERN, R —FELWRERILT 9 B 54 F 145
i, Ho, BHEEE RS REE R E | 858 B FESE A (35 SR 20.75% ) , HIRERUE H (18.87% ) Fi
WH(13.21% ) ; YFpFE R L REHRIUE H (26.39% ) , HKRBAHE (18.75% ) . 3B H (18.75% ) . #@H
(17.36% ) FgE@ H (15.38% ) . ZHENYMERZELE6 -7 Ak, 9 AR, (AR E (Y8R F)7ES A
o o AR YR R B SR i B | B3 B AXGE B 4 Ui e R g0 R e B R i R R
B . B3 B RS B X — AR VT M (HE2 ) MR R 2 TR H TR R R, H T X L6757
BHRWRESER LN R ML BB EZ —FEEE, MBS RRBUL ViR E RV AR, —FEMERE
R AR H B R R, L% A B AXGE B B R R 2 MR A5 R4, URA$EARAE )
TEHIFRR MW BEXT DT B B T B AT iR e £ 2R/

KW SR —4F%E; LR R, UifbiRGs; BREEE

FESES: Q968.1  STEKARIRAS: A TEHES: 0454-6296(2013)03-0293-06

Flower-visiting insect diversity of the alien plant Erigeron annuus
( Asteraceae) in Nanjing, southeastern China and an analysis of factors

influencing their foraging preference
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and Pests of Ministry of Education, College of Plant Protection, Nanjing Agricultural University, Nanjing
210095, China)

Abstract; To investigate the diversity of native insects visiting flowers of the alien plant Erigeron annuus
(Asteraceae) and factors affecting flower-visiting preferences, a two-year field survey using a random
sampling method was undertaken in the suburb of Nanjing, southeastern China, and the hurdle model was
used to analyze environmental factors that influence foraging for and selection of flowers by estimating the
acceptance probability ( measuring whether the visitation happens or not) and the visit frequency
(measuring the extent of visits if the visitation happens). The survey uncovered 145 species from 54
families in nine insect orders, among which Hymenoptera, Lepidoptera and Coleoptera were rich in
number of families each accounting for 20. 75% of all families, respectively, followed by Diptera
(18.87% ) and Hemiptera (13. 21% ). Diptera was the highest in species richness accounting for
26.39% of all species, followed by Hymenoptera (18.75% ), Coleoptera (17.36% ), and Lepidoptera
(15.38% ), respectively. The species richness of most insect orders was higher in June and July and less
in September, with the exception of Diptera which had higher species richness in May. The analysis of
the influence of environmental factors on the acceptance probability and the visit frequency of the three
most dominant insect orders, i. e., Hemiptera, Diptera and Hymenoptera, using the hurdle model showed
that the factors affecting the tendency of hemipterans and hymenopterans to accept E. annuus flowers

were more than those influencing their visit frequency, suggesting that in these insects multiple

HETH . ERE SRR AR H (20090CB119200) 5 FZRAFA QIS5 1R 5i H (101030706 )

YEFIAN: RIGR, 55, 1989 454, mAREEA, BEHRE, W5 B R AL S EYIBR , E-mail: 2012202026@ njau. edu. cn
* WiRfE#H Corresponding author, E-mail; ml@ njau. edu. cn

Weh H ] Received : 2012-09-11; $:3% H 3 Accepted; 2013-01-24



294 B 2R Acta Entomologica Sinica 56 ¥

environmental clues may be required to make a behavioral decision for the acceptance of the flower but

fewer factors for the visitation extent of the flower. Plant density influenced the acceptance probability of

hemipterans and hymenopterans, while flower density affected the acceptance probability and the visit

frequency of hemipterans and dipterans, suggesting that characteristics of E. annuus flowers may play an

important role in the visiting behavioral decision in these groups of native insects.
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Fig. 1 Family and species richness of different insect orders

visiting Erigeron annuus flowers
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Fig. 2 Seasonal variation in species richness of different insect orders visiting Erigeron annuus flowers
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Table 1 Parameter estimates of hurdle model fitting the influence of environmental factors on

the acceptance probability and visit frequency of hemipterans

TR (logistic 57 BT RY (WBR R AR Y )
As g1 Zero hurdle model (logistic model ) Truncated count model (log-linear model)
Variable' KA P 95% B A7k » AR RXE 95% BRI »
0dd ratio? 95% CI Exp (estimate) 95% CI
#RIE Intercept 0.10 0.06 -0.17 <0.001 0.49 0.35-0.68 <0.001
L Flower density 1.31 1.24 -1.39 <0.001 1.17 1.12-1.21 <0.001
i8] Time 1.07 1.04-1.11 <0.001
(=51
SR (055 0.62 0.45-0.87 0.004
Habitat type (open habitat)
b}
ESRE (W) 0.31 0.16 -0.61 <0.001
Habitat type (near pond)
b}
S (B3) 0.54 0.38 -0.78 0.001
Habitat type (roadside)
KK (%) Weather (cloudy) 1.82 1.40 -2.37 <0.001
FEARSEBE Plant density 1.04 1.01 -1.07 0.007

MWE R B E AR R AR AR, AR A BERING R RS AN S A S H AR AT R, * R LR H R AR I AL B2 [H]
VB S AV LEZ (0 ~ o ), AT WA T RV, BUEET 1 SRR AT RAE VLB S, K2 M
3 [A], ! Only covariates having significant effects were listed. The habitat ‘ under tree’ and weather ‘fine’ were used as the baseline for comparison with
other categories, respectively. 2 Odd ratio is the odds of visiting flowers under one condition divided by the odds of visiting flowers under another

condition, being one indicating that the tendency of visiting flowers is same between conditions. The same for Tables 2 and 3.

F2 WAREERYMESE B EZHRERMEMBHBERRSH i ITE
Table 2 Parameter estimates of hurdle model fitting the influence of environmental factors on

the acceptance probability and visit frequency of hymenopterans

TP (logistic HERY) TR BB (R R MR
At Zero hurdle model (logistic model ) Truncated count model (log-linear model)
Variable! RAEELHL? 95% B Aw 1R » MHER AT 95% BAFIR »
0dd ratio? 95% CI Exp (estimate) 95% CI
#RIE Intercept 0.05 0.03 -0.07 <0.001 0.00 0.00 - 0.91
FEYIBELL K/ Plant patch size 1.01 1.00-1.01 0.01
KRR (%£2) Weather (cloudy) 1.53 1.04 -2.27 0.03
FERR BB Plant density 1.05 1.01 -1.10 0.02
®3 MEREERPWNE B EZHRN M BEER S ITE
Table 3 Parameter estimates of hurdle model fitting the influence of environmental
factors on the acceptance probability and visit frequency of dipterans
TP (logistic HERY) TR BB (R R MR
As g1 Zero hurdle model (logistic model ) Truncated count model (log-linear model)
Variable! RAEELHL? 95% B Aw 1R » MHER AT 95% BAFIR »
0dd ratio? 95% CI Exp (estimate) 95% CI
R Intercept 0.20 0.13 -0.30 <0.001 0.12 0.05 -0.30 <0.001
AL FE Flower density 1.22 1.14-1.31 <0.001 1.30 1.11-1.53 0.001
fisf[8] Time 0.84 0.80-0.88 <0.001 0.89 0.81 -0.96 0.01

KA (£7z) Weather (cloudy) 0.44 0.29 -0.67 <0.001 0.10 0.01 -0.81 0.03




3 RIGRSF : B XSRAEY) — 4R b VT B R 0 SRR S R B I R M (R R 0 297

104

O°a
8 o ° o
) o o
2
wE ¢ oo oo .
ﬁ.a e o
&g oggo° o
/. @
SE 4 e RN
=}
=5 s1§3888 o
E 2+ | i °
o""'§|§83° ° ¢
0_
T T T T T
0 5 10 15 20
TR BE(HEBUAD)

Flower density (number of flowers per branch)

B3 23 E R R —EEER VIR S T H KR
Fig. 3 Relationship between visit frequency of hemipterans
and flower density of Erigeron annuus
VRIS Ayt e B R, SRR k. O S B AER i x4
MRS —3, A& 0 fH, B4 15 [, Jitter technique was
used in graphing to avoid overlapping of observation points. Zero values

are not included so as to be in line with the log-linear model fit in the

hurdle model. The same for Figs. 4 and 5.

10

it 153
Number insect individuals per branch

4
o °
2- a@o o o o o
WO ®O0O 0 0 ® O o oo
0
T T T T T T T
0 100 200 300 400 500 600

HPIRESR A/ NIRED)

Plant patch size (number of plants)

B4 [ E R RERSS —FERR K/ PRIRR
Fig. 4 Relationship between visit frequency of

hymenopterans and patch size of Erigeron annuus
AJ AJ
3 itig

AWHFAErE R X A L, A 9
H 54 B 145 F B BUA [A) 72 BE s U7 [A] — 4R 248,
FXCEE . BSEE L R S E EEE H AR
YRR L. X2 HEH R RMEER
ST (ZFEFE S RO 4, 2007) , ULHASIMRAE Y —
FHECERNA T F B R BRI TIE B e

4.5+
o
4.0
3.5
c
_'E ° 8 °
mm,_g 3.0 °
P o
£y
<—§ 2.5
E*g':
g 2.0 X o & e
Z g LI o : g °
1.5
104 i § § .
8 o ° °
T T T T T T T
0 2 4 6 8 10 12
162 BE(EBURD)

Flower desity (number of flowers per branch)

B5 Uil BMAgE 5 —FEE BRI R R
Fig. 5 Relationship between visit frequency of dipterans

and flower density of Erigeron annuus

Yo KRB LRk B R AP 8 ¥
et — 2R .

AWFFRY, R H AR B X — 4
ViR e (25 ) R R 2 T ORISR &
PRI, R RASERZRR ML 2 EEZ —
AL, MRKIEB DR RMU ViR E M UIETT N
R, X SHE R B8 I AT EHEY R
2 —F 1 (Bernays and Chapman, 1994) , M E{&
WRERE, —FEERE R E R E R
WS, TR BE R 3 H AU H B
MR SRS (R ARk, Ul B ARAE 4 46 B R X
VIFE R BT AEAT R R ZAE M . xR EX
ek B UTEAT AR EFFR 2 —BUN, XL
BRI, FFACHEY % BE B2 B R 1% b B U D7 4K
AR ) b 41 AR ( Ghazoul, 2005; Feldman, 2006;
Dauber et al., 2010) , EZ ML E FE R INERFH
ERPEHR R EE 7K I (Essenberg, 2012b) , {HIE%EE
SRR VIEMBERA —EFERBLMLRERR
(Essenberg, 2012a) , 458 A WF5E X546 B
PABCEG AR &4 B i 64T RS, AT LA
T AGTIER) SRy B AL, T EL U5 AR R HAl B
HF Y AERRE (B SR BN
TG EY N EFEAR,

Bl B RRLKFIPEAFINRK G B 5 K5
Rk, FHEFDEZHY, FEESERAE, §
ot FRBERBESEEL, EREH,



298 B 2R Acta Entomologica Sinica 56 ¥

S #E307k (References)

Almasi KN, 2000. A non-native perennial invades a native forest.
Biological Invasions, 2: 219 -230.

Bennington CC, Stratton DA, 1998. Field tests of density- and
frequency-dependent selection in Erigeron annuus. American Journal
of Botany, 85: 540 —545.

Bernays EA, Chapman RF, 1994. Host-Plant Selection by Phytophagous
Insects. Chapman & Hall, New York. 95 - 165.

Cao ZJ, Meng L, Li BP, 2011. Oviposition selection of Ophraella
communa ( Coleoptera; Chrysomelidae ) on common ragweed
(Ambrosia artemisiifolia) in the field. Acta Entomologica Sinica, 54
(11): 1297 -1304. [ W4R%E, HH, TP, 2011, BFH &M
TR E M P X KE R I R R A, S4(11) . 1297 -
1304 ]

Chitka L, Schurkens S, 2001. Successful invasion of a floral market.
Nature, 411 653.

Cunningham RB, Lindenmayer DB, 2005. Modeling count data of rare
species; some statistical issues. Ecology, 86(5): 1135 —1142.

Dauber J, Biesmeijer JC, Gabriel D, Kunin WE, Lambom E, Meyer B,
Nielsen A, Potts SG, Roberts SPM, Sober V, Settele J, Steffan-
Dewenter I, Stout JC, Teder T, Tscheulin T, Vivarelli D,
Petanidou T, 2010. Effects of patch size and density on flower
visitation and seed set of wild plants; a pan-European approach. J.
Ecol., 98 ; 188 —196.

Essenberg CJ, 2012a. Explaining variation in the effect of floral density
on pollinator visitation. Am. Nat., 180(2) ; 153 -166.

Essenberg CJ, 2012b. Scale-dependent shifts in the species composition
of flower visitors with changing floral density. Qecologia, 171(1) :
187 -196.

Feldman TS, 2006. Pollinator aggregative and functional responses to
flower density: does pollinator response to patches of plants
accelerate at low-densities? Oikos, 115 128 —140.

Ghazoul J, 2002. Flowers at the front line of invasion? Ecol. Entomol.,
27: 638 - 640.

Ghazoul J, 2005. Pollen and seed dispersal among dispersed plants.

Biol. Rev. Camb. Philos. Soc., 80; 413 —443.

Gong YB, Huang SQ, 2007. On methodology of foraging behavior of
pollinating insects. Biodiversity Science, 15 (6) : 576 —583. [ &3
5, B4, 2007. fER B AT R BRSO L. EYIZ R
M, 15 : 576 =583 ]

Jakobsson A, Padron B, Traveset A, 2008. Pollen transfer from invasive
Carpobrotus spp. to natives — a study of pollinator behaviour and
reproduction success. Biological Conservation, 141 136 —145.

Li ZY, Xie Y, 2002. Invasive Alien Species in China. China Forestry
Publishing House, Beijing. 162. [ 2245, f#i#%, 2002. HH[E Ak
AR JEaT: s E A . 162 ]

Liu TT, Zhang HJ, Wang XL, Wu L, 2010. Influence of alien invasive
specie Erigeron annuus on biodiversity in region of Wuling
Mountain. Acta Scientiarum Naturalium Universitatis Pekinensis, 46
(3):365-370. [XIf&ls, sKtF, FEHF, Rk, 2010. shk
ANRAEY—FE X 55 RN BRI, bRt KRR
(ARPBIEERR) , 46(3) : 365 -370]

Martin TG, Wintle BA, Rhodes JR, Kuhnert PM, Field SA, Low-Choy
SJ, Tyre AJ, Possingham HP, 2005. Zero tolerance ecology:
improving ecological inference by modelling the source of zero
observations. Ecology Letters, 8 1235 —1246.

R Development Core Team, 2012. R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria. URL http;//www. R-project. org/.

Strong DR, Lawton H, Southwood SR, 1984. Insects on Plants,
Community Patterns and Mechanisms. Harvard University Press,
Cambridge, Massachusetts. 76 —110.

Wang R, Wang YZ, Wan FH, 2010. Spatiotemporal expansion pattern
and potential spread of invasive alien plant Erigeron annuus
(Asteraceae) in China. Chinese Journal of Ecology, 29 (6):
1068 ~1074. [ £, EEIBL, J1 77, 2010. SRR ARKYI—
ARV TP [ I 2 R A R AR A A X B A AR A
%, 29(6) : 1068 —1074]

Zuur AF, Ieno EN, Walker NJ, 2009. Mixed Effects Models and
Extensions in Ecology with R. Springer, New York. 261 —293.

(FHESE: RIER)



