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Abstract Ophraella communa LeSage is an oligopha-

gous insect that shows promise for controlling the alien

invasive weed Ambrosia artemisiifolia L. in China. This

study was performed to evaluate the risk of O. communa on

the basis of host-specificity testing of larval development

under no-choice conditions and of oviposition preferences

under choice conditions in greenhouses and in the open

field. Under no-choice conditions, O. communa larvae

experienced much higher mortality rates on the nontarget

plants than on the target weed, but a small proportion of

larvae completed development on the nontarget plants

examined, including Xanthium sibiricum Patrin ex Widder,

Helianthus tuberosus L., and H. annuus L. Multiple-choice

tests indicated that O. communa showed a strong oviposi-

tion preference for the target weed over the nontarget

plants and laid few eggs on the economically important

Helianthus crops tested. In paired-choice trials, O. comm-

una adults showed an obvious preference for the target

weed over X. sibiricum but preferred X. sibiricum to

H. annuus. The results suggest that X. sibiricum might be

used as a lower-ranked host plant next to the target weed

by O. communa, and that Helianthus crops would not be at

risk of being used for oviposition in the field.

Keywords Host specificity � Biological weed control �
Oviposition selection � Choice test � Open-field test

Introduction

Common ragweed (Ambrosia artemisiifolia L., Asteraceae)

is native in North American and became naturalized in

mainland China before 1935 (Wan et al. 1993). It flourishes

as a pioneer species in disturbed habitats such as along river

banks and motorways, in open lots, and in uncultivated crop

fields (Wan and Wang 1990). Ragweed pollen is one of the

primary causes of allergenic hay fever in China (Xia 1983;

Zhang et al. 2007), Europe (Coutinot et al. 2008), and North

America (Bagarozzi and Travis 1998; Ziska et al. 2003).

Classical biological control of the common ragweed began

in China in the 1980s. During that time, Zygogramma sut-

uralis (Fabricius) (Coleoptera: Chrysomelidae) and Epibl-

ema strenuana (Walker) (Lepidoptera: Tortricidae) were

introduced and released into the field (Wan et al. 1993,

2005). Whereas E. strenuana has successfully become

established and rapidly spread throughout all infested areas,

the population of Z. suturalis was not sustained (Wan and

Ding 1995). E. strenuana induces galls on the stem but is

not able to effectively control the ragweed (Wan and Ding

2003). Ophraella communa LeSage (Coleoptera: Chryso-

melidae), originating from the Nearctic region, was first

reported in eastern China, where feeding by larvae and

adults severely defoliate common ragweed (Meng and Li

2005), and was later considered as an effective biological

agent to control ragweed in warm temperate areas where

sunflower crops were rarely planted (Zhou et al. 2010).

However, the major concern about using O. communa to

control the common ragweed is the potential risk to non-

target plants.

O. communa is an oligophagous insect that feeds to

some extent on some members of Ambrosiinae (Helian-

theae, Asteraceae). LeSage (1986) originally reported only

one host species, A. artemisiifolia, but it is now known to
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feed upon other members of the subtribe Ambrosiinae,

including Parthenium hysterophorus L., Xanthium stru-

marium L., and A. psilostachys DC (Palmer and Goeden

1991). O. communa was previously considered as a

potential biological control agent for introduction into

Australia to control the common ragweed (Palmer and

Goeden 1991). In no-choice feeding tests under laboratory

conditions, it could complete larval development by

exclusively feeding on sunflower (Helianthus annuus L.),

and was therefore rejected for introduction into Australia,

even though it had never been recorded on sunflower under

field conditions in North America (Hilgendorf and Goeden

1981). Later it was recorded feeding on H. ciliaris DC

(Texas blueweed) (Futuyma 1990). Subsequent reports

from Japan revealed occasional adult O. communa feeding

in the field on H. annuus and H. tuberosus (Tokyo

Metropolitan Plant Protection Office 1999; Emura 1999) as

well as on A. trifida and Xanthium spp. (Yamazaki and

Natuhara 2000). The no-choice test carried out in the lab-

oratory found that nontarget A. trifida and X. strumarium

could sustain larval development with the same survival

rates as the target weed (Yamazaki and Natuhara 2000).

The observation of larval development completed on

sunflower under no-choice confinement in the laboratory

can be false positive if it does not attack sunflower in the

field. Among the nontarget plants mentioned above on

which occasional feeding was recorded, no O. communa

eggs or larvae were located in the field on Helianthus spp.

and Xanthium spp. (Palmer and Goeden 1991; Yamazaki

and Natuhara 2000); only a few egg masses were found on

A. trifida (Watanabe and Hirai 2004). As oviposition plays

a central role in host selection, oviposition choice test

constitutes an integral part of host specificity assessment in

classical biological control practices. The test conducted in

Canada showed that few or no eggs were laid on testing

sunflower plants when the preferred host plants (A. ar-

temisiifolia) were available, which led to the conclusion

that native sunflower plants are not at risk of being attacked

by adult O. communa (Dernovici et al. 2006). However,

this conclusion, obtained from testing in the indigenous

area, should be accepted with some caution: the risk of

O. communa to native nontarget plants in recipient envi-

ronments might be different due to genetic variation of

tested plants and insects and in environmental conditions

under which tests (field and semifield) were conducted. It is

thus necessary to assess directly the risk of O. communa to

native plants in recipient environments before it is used as a

biological control of invasive common ragweed.

We carried out trials using laboratory, greenhouse, and

outdoor cages and in the open field to evaluate host spec-

ificity of O. communa, with an emphasis on oviposition risk

assessment of native sunflower crop cultivars and X. sibiricum

of medicinal value.

Materials and methods

Insect and test-plant preparation

O. communa was collected from Jiangpu agricultural

experiment farm of Nanjing Agricultural University,

Nanjing (32.0�N and 118.7�E), and its colonies were

maintained on potted A. artemisiifolia in outdoor gauze-

covered cages (60 9 60 9 90 cm). The nontarget plants,

selected for the trials, included A. trifida, X. sibiricum,

H. annuus (Sandaohei), H. annuus (Liaofeng-F51), and

H. tuberosus. These plants are the nearest relatives of the

target weed A. artemisiifolia within the tribe Heliantheae of

Asteraceae, which can be at highest risk of being attacked by

O. communa according to their phylogenetic relationship to

the target weed (Briese 2003). A. trifida is also an invasive

weed as is its congeneric A. artemisiifolia but is limited in

distribution to the northern parts of mainland China. X. sib-

iricum, a common plant all over China, can be used for its

medicinal value in Chinese medicine (Li et al. 2005). The two

cultivars of H. annuus are planted as important cash crops for

oil and seeds in northern areas. H. tuberosus is an underex-

ploited cash crop both for its value as food (Chi et al. 2009) and

a resource for ethanol production (Nakamura et al. 1996).

These plants were obtained from seeds grown in plastic pots

(25 cm diameter 9 20 cm high) in a greenhouse and used for

the experiments when about 40 cm tall.

Nonchoice test of larval development using outdoor

cages

This test evaluated development of O. communa larvae on

the test plants in outdoor cages under a 16:8-h (L:D)

photoperiod at 23–30�C. Forty neonate larvae were placed

on a potted plant covered by a nylon gauze cage. The plant

was examined daily for living larvae and their developing

stage. Pupae were collected and weighed to an accuracy of

0.01 mg (Mittler XP-205DR, Switzerland). Each test plant

was replicated ten times.

Multiple-choice oviposition test using greenhouse

and outdoor cages

Two separate multiple-choice trials were established to

evaluate O. communa preferences for oviposition among

five nontarget plants in the presence of the target weed.

Experiment 1

This experiment was conducted in a greenhouse, gauze-

covered cage (length 9 width 9 height = 60 cm 9 60 cm 9

90 cm) in the summer of 2008. Six potted plants each of

the test-plant species were randomly arranged in a circle in
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the cage. Newly emerged O. communa adults were grouped

in a Petri dish for 48 h for mating and fed with the common

ragweed leaves. Females from the grouping were treated as

mated and then singly released into the cage. The plants

were examined for eggs every 2 h until any eggs were

found. The test was replicated 45 times.

Experiment 2

This experiment was done in a large outdoor walk-in cage

(length 9 width 9 height = 3 m 9 3 m 9 2 m). Six pot-

ted plants of each of the five nontarget species and the target

weed were placed with an equal distance of 0.5 m in a 6 9 6

Latin square design. A male and a female O. communa were

introduced to each potted plant, with a total of 72 insects

released in the cage. The plants were examined every other

day for the presence of insects, and eggs and eggs were

removed each time to avoid influence on follow-up oviposi-

tion. The observation was terminated 20 days after releasing

insects. Three replicates were performed.

Multiple-choice test in the open field

This experiment was to evaluate O. communa adult pref-

erence between the test plants without the target weed in

the immediate vicinity, which would provide more reliable

measure of risk to nontarget plants. The plants were laid

out as shown in Fig. 1 in the open field in the summer of

2008. A male and a female O. communa were placed on

each pot plant in the center section, with a total of 60

insects released. The insects were marked before release

with a red paint spot on an elytrum so as to be distinguished

from others that occasionally immigrated into the plot. The

plants were examined every other day for the presence of

insects and eggs, and eggs were removed each time to

avoid influence on follow-up oviposition. The observation

was terminated 20 days after insect release. Testing was

conducted under outdoor conditions at 25–30�C, 55–80%

relative humidity (RH), and 14–10 h of light–dark of nat-

ural photoperiod.

Paired-choice test using outdoor cages

This experiment was conducted to evaluate O. communa

host ranking for oviposition using paired-choice test. Three

paired plant combinations were set up based on preferences

performed in multiple-choice experiments, including

A. artemisiifolia with X. sibiricum, X. sibiricum with

H. annuus (Sandaohei), and H. annuus (Sandaohei) with

H. annuus (Liaofeng-F51). The experiment was conducted

in outdoor cages from July to August 2008 at a mean

minimum and maximum temperature of 23�C and

30�C, respectively. Mated females treated as above were

singly introduced into a gauze-covered cage (length 9

width 9 height = 60 cm 9 60 cm 9 90 cm) with one of

the paired-plant combinations. The plants were examined

for eggs every 2 h until eggs were located. For each of the

paired-plant combinations, 40 replicates were exercised.

Data analysis

Survival rates of neonate larvae in different stages in the no-

choice trial were compared between the target weed and other

separate test-plant species using a protected Kruskal–Wallis

test performed on the ranks of percentage data, as they did not

generally confirm to the assumptions of parametric tests.

Frequencies of oviposition choices among test plants in the

multiple-choice trial in the greenhouse trial were compared

for an overall difference using the v2 test and for pair-wise

differences using the Marascuilo procedure analogous to the

Tukey test (Zar 2010). Frequencies of oviposition choices in

paired-choice experiments were compared using the v2 test.

Data analyses were carried out with R statistical software

(R Development Core Team 2009).

Results

Nonchoice test of larval development

Survival of neonate larvae to each immature stage of

O. communa was significantly lower on the nontarget

Fig. 1 Set design for the open-field test. The solid circles are

common ragweed, and the circles with different patterns are nontarget

plants (five species). The satellite nontarget plant groups were 2 m

away from both the margin of the center potion and the satellite

target-weed groups
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plants than on the target weed (protected Kruskal–Wallis

test, p \ 0.05) (Fig. 2). Among 40 neonate larvae from the

start on each pot plant, \20% completed the first stadium

on the nontarget plants, whereas 50.2% (± 6.4, SE) sur-

vived the same stage on the target weed; \6% survived to

pupation on the nontarget plants, whereas 31.6% [±3.3,

standard error (SE)] developed through to pupae on the

target weed.

Multiple-choice oviposition test using greenhouse

and outdoor cages

Experiment 1

In the greenhouse-cage trial, O. communa females exhib-

ited a strong preference for the common ragweed over the

nontarget plants on which to oviposit, with 28 choices

among 45 options (replicates) for the target weed but

less than seven choices for individual nontarget plants;

Helianthus spp. were least preferred (Table 1).

Experiment 2

In the large outdoor walk-in cage test, O. communa adults,

upon being released on each plant, immediately dispersed

to the target weed from the nontarget plants. The number of

insects increased to an average of 9.5 (±0.6, SE) per pot on

the fourth day on the target weed and decreased to\1.0 on

average on the nontarget plants (Fig. 3). Corresponding

with the adult dispersal, many more eggs were laid on the

target weed than on the nontarget plants (Fig. 4). Whereas

an average of 5.2 (±0.6) eggs were laid on each pot plant

per female on the common ragweed on the fourth day, only

\1.0 eggs were deposited on nontarget plants at the same

time. No eggs were deposited on Helianthus plants during

the period of observation.

Multiple-choice oviposition test in the open field

After release on each nontarget pot plant in the center

region (Fig. 1), O. communa adults rapidly moved to the

target weeds located at a distance. The number of insects

increased markedly to an average of 2.5 per pot plant on

the sixth day on the target weed and decreased to \1.0 on

average on X. sibiricum, A. trifida, and H. tuberosus, and to

zero on H. annuus, from the fourth day onward (Fig. 5).

Following movement of adults, eggs were laid predomi-

nantly on the target weed, whereas only a few seen on the

nontarget plants. The number of eggs laid on the target

weed increased significantly from the fourth day onward

and peaked by 33.9 (±4.4, SE) on each pot plant per

female on the 16th day after release, whereas many fewer

eggs were oviposited on the nontarget plants (Fig. 6).

Paired-choice trials using outdoor cages

In paired-choice trials, female adults significantly preferred

A. artemisiifolia on which to oviposit (28 choices in 45

trials) over X. sibiricum (12 choices) (v2 = 11.25, df = 1,

p \ 0.001), X. sibiricum (35 choices) over H. annuus

(Sandaohei) (5 choices) (v2 = 42.05, df = 1, p \ 0.001).

But females did not show significant preferences between
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H. tuberosus

X. sibiricum

A. trifida

A. artimisiifolia

Survival (%)  (mean ± SEM)

First instar
*

*

*

*

*

Second instar

Third instar

Pupae

('SanDaoHei')

('LiaoFeng-F51')

Fig. 2 Survival of neonate larvae to each immature stage on

different test plant species under no-choice conditions. (Asterisk
indicates a significant difference between Ambrosia artemisiifolia and

each nontarget plant species in survival of neonate larvae to each

stage by the protected Kruskal–Wallis test, p \ 0.05)

Table 1 Frequency of

oviposition choices of

Ophraella communa among test

plants (n = 45)

* Different small letters

following values indicate

significant differences between

test plants using the Marascuilo

procedure analogous to the

Tukey test

Test plants No. oviposition

choices

Prop. oviposition

choices*

Standard error of

mean proportion

Ambrosia artemisiifolia 28 0.622a 0.072

A. trifida 5 0.111b,c 0.047

Xanthium sibiricum 7 0.156b 0.054

Helianthus tuberosus 2 0.044c 0.031

H. annuus (‘LiaoFeng-F51’) 3 0.067c 0.037

H. annuus (‘SanDaoHei’) 0 0c 0

378 Appl Entomol Zool (2011) 46:375–381

123



two cultivars of H. annuus (Sandaohei and Liaofeng-F51)

(23 vs 17 choices) (v2 = 1.25, df = 1, p = 0.26).

Discussion

No-choice tests are designed to identify fundamental larval

host ranges and range of plant species that can support

complete development (Schaffner 2001). Under no-choice

conditions, O. communa larvae experienced much higher

mortality rates on the nontarget plants than on the target

weed, but a small proportion of larvae can complete

development on the nontarget plants examined. However,

the tests conducted in Japan showed that O. communa

performed similarly in larval survival both on the target

weed and nontarget A. trifida and X. strumarium (Yama-

zaki and Natuhara 2000). The discrepancy may be

explained by different constraints imposed by the two test

designs. The testing in Japan was conducted in small vials

in the laboratory, and insect larvae were fed with excised

leaves. Developmental performances of the insects under

such conditions can be impacted by the severe constraints

from stringent spatial confinement and changes in nutrients

of excised feeding leaves. The no-choice test in this study

was exercised in outdoor cages, and larvae were placed in

groups, as observed in the field, on pot plants. Such test

design should, to a certain extent, relax the constraints

inherent in those tests commonly made in the laboratory, as

mentioned above, and therefore reduce false-positive

results. Among the nontarget plants tested in this study,

X. sibiricum and H. tuberosus are not known as food plants

for completing O. communa larval development in North

America (Palmer and Goeden 1991) and Japan (Yamazaki

and Natuhara 2000). This addition of food plants may be a

result of insect preadaptation, which can be explained by

the concept of host substitution instead of host-range

0

2

4

6

8

10

12

2 4 6 8 10 12 14 16 18 20

Days after release

N
o.

 in
se

ct
s 

/ p
ot

te
d 

pl
an

t(
M

ea
n 

± 
SE

) A. artemisiifolia

A. trifida

X. sibiricum

H. tuberosus

H. annuus

H. annuus

('Sandaohei')
('Liaofeng-F51')

Fig. 3 Number of Ophraella communa adults on different days

located on different test-plant species in a choice trial using outdoor

walk-in cages

0

1

2

3

4

5

6

7

2 4 6 8 10 12 14 16 18 20

Days afer release

N
o.

 e
gg

s 
/  

po
tt

ed
 p

la
nt

 / 
fe

m
al

e
( M

ea
n 

± 
SE

)

A. artemisiifolia

A. trifida

X. sibiricum

H. tuberosus

H. annuus

H. annuus

('Sandaohei')

('Liaofeng-F51')

Fig. 4 Number of Ophraella communa eggs on different days laid

on different test plant species in a choice trial using large walk-in

cages

0

1

2

3

4

2 4 6 8 10 12 14 16 18

Days after release

N
o.

 in
se

ct
s 

/ p
ot

te
d 

pl
an

t(
M

ea
n 

± 
SE

)

A. artemisiifolia

A. trifida

X. sibiricum

H. tuberosus

H. annuus

H. annuus

('Sandaohei')

('Liaofeng-F51')

Fig. 5 Number of Ophraella communa adults on different days

located on different test-plant species in a choice trial in the open field

0

5

10

15

20

25

30

35

40

45

0 2 4 6 8 10 12 14 16 18

N
o.

eg
gs

 / 
 p

ot
te

d 
pl

an
t 

/ f
em

al
e

 (
M

ea
n 

± 
SE

)

A. artemisiifolia

A. trifida

X. sibiricum

H. tuberosus

H. annuus

H. annuus

('Sandaohei')

('Liaofeng-F51')

Days afer release

Fig. 6 Number of Ophraella communa eggs on different days laid

on different test-plant species in a choice trial in the open field

Appl Entomol Zool (2011) 46:375–381 379

123



expansion, according to Marohasy (1996). Our nonchoice

test indicated that sunflower cultivars H. annuus (Sandao-

hei and Liaofeng-F51) can sustain O. communa larval

development, but larval mortality was very high. Similar

results were obtained in host-range testing conducted in the

United States (Palmer and Goeden 1991).

In general, oviposition behavior seems more plastic than

larval host range, with many extrinsic and intrinsic factors

affecting the host choice made by an insect species

(Bernays and Chapman 1994).The multiple-choice tests,

conducted using greenhouse and outdoor cages with the

presence of the target weed in the vicinity indicated that

O. communa adults show a strong preference for the target

weed over the nontarget test plants on which to lay eggs.

The performance was also observed in the open-field

experiment, where the target weed was placed some dis-

tance away from the nontarget plants. Though being highly

specific in choosing plants for oviposition, O. communa

adults did accept nontarget plants A. trifida and X. sibiri-

cum for oviposition, especially when the preferable target

weed was not available (Fig. 6). Though A. trifida has not

been reported to be attacked in the field in China, it was

occasionally found to have immature O. communa stages

during the field survey undertaken in Japan (Yamazaki and

Natuhara 2000). A trial was even made in Korea using

O. communa to control A. trifida (Lee et al. 2007). It is thus

assumed that O. communa may play a role in controlling

invasive A. trifida in northern parts of China when dis-

persed to those areas.

Xanthium spp, a closely related group to the target weed,

can be used by O. communa as host plants in North America

(Hilgendorf and Goeden 1981; Goeden and Ricker 1985;

Palmer and Goeden 1991) and Japan (Yamazaki and Natu-

hara 2000; Watanabe and Hirai 2004). Our paired-choice

experiments showed a preference rank in oviposition, where

O. communa adults strongly preferred to lay eggs on the

target weed over X. sibiricum, and on X. sibiricum over

H. annuus. All available evidence suggests that Xanthium

plants should be ranked as hosts next to the target weed for

O. communa. The potential risk of O. communa to Xanthium

plants remained to be analyzed by considering both sides of

the plants.

Under no-choice conditions, a slim fraction of larval

cohorts can complete larval development on sunflowers, as

observed in the experiments reported here as well as in

earlier testing (Palmer and Goeden 1991). Therefore, sun-

flower can be included in the fundamental host range of

larval development of O. communa. However, the funda-

mental host range may not be the same as the realized or

ecological host range (Schaffner 2001). If sunflower is not

selected for oviposition by O. communa adults, it would

not be at risk of being attacked in the field. In oviposition

preference experiments in this study, O. communa adults

showed least preference for the economic Helianthus crops

among test plants. Whereas few eggs were laid on H. tu-

berosus, almost no egg was oviposited on H. annuus (two

sunflower cultivars) under multiple-choice conditions in

field-cage and open-field trials. The negligible acceptance

of Helianthus crops for oviposition may be explained by

perception impedance. Experiments conduced in Japan

show that extracts from H. annuus are much less a stimu-

lant for feeding activity than those from other nontarget

asteraceous plants (Tamura et al. 2004). The test designed

to assess risks to sunflower carried out in Canada conclude

that sunflower plants are at a negligible risk of being

attacked by O. communa (Dernovici et al. 2006). With all

available evidence, we argue that O. communa would not

use sunflower as the host plant for oviposition and there-

fore pose no risk to it.
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