
INTRODUCTION

Pesticides currently play a major role in crop
pest control, either as independent control agents
or as a component of an integrated pest manage-
ment (IPM) system (Umoru and Powell, 2002).
However, insecticides such as organophosphates,
carbamates, and synthetic pyrethroids are generally
highly toxic to biological control agents, due to
their broad spectrum of activity (Croft, 1990).
Other insecticides that do not appear to kill natural
enemies, may also have sub-lethal effects, such as
altered behavior, reduced reproduction, and re-
duced longevity, on natural enemies (Jacobs et al.,
1984; Elzen, 1989; Croft, 1990; Longley and Jep-
son, 1996). In IPM, therefore, it is important to ex-
amine the possible disruptive effects of candidate
insecticides on beneficial insects, and to determine
the insecticides compatible with key biological
control agents (Stapel et al., 2000). The compati-
bility of an insecticide with biological control
agents is often examined by tests screening for

mortality of natural enemies, but sub-lethal effects
on beneficial insects are largely overlooked (Elzen,
1989).

Liriomyza trifolii (Burgess) (Diptera: Agromyzi-
dae), native to North and South America, is a seri-
ous pest of numerous ornamental and vegetable
crops worldwide (Parrella and Jones, 1987;
Spencer, 1989, 1990) Conventional control of this
pest has been dependent on synthetic chemical in-
secticides, including chlorfenapyr, chlorfluazuron,
chlorpyriphos-etyl, deltamethrin, diazinon, edosul-
fan, malathion, abamectin and cyromazine
(Civelek and Weintraub, 2003). However, L. trifolii
has developed resistance to a wide range of insecti-
cides (Keil and Perrella, 1990), and thus alternative
control measures are needed.

Neochrysocharis formosa (Westwood) (Hy-
menoptera: Eulophidae) is an endoparasitoid that
attacks larvae of leafminers and eggs of sawflies
(Yoshimoto, 1978; Hasson, 1990, 1995). In Japan,
N. formosa is predominant among the parasitoids
attacking L. trifolii (Burgess) in Kyushu, and has
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Abstract
Effects of application of three insecticides (imidacloprid, pymetrozine and lufenuron) on host searching and oviposi-
tion behavior of Neochrysocharis formosa (Westwood), a larval parasitoid of the American serpentine leafminer Liri-
omyza trifolii (Burgess), were investigated in the laboratory. Female wasps spent more than 89% of their time on a leaf
of host-infested kidney bean when introduced into a container containing the leaf treated with each insecticide or dis-
tilled water. However, wasps spent more time resting near or away from hosts and less time foraging for hosts on the
leaves treated with imidacloprid than the other treated leaves. As a result, they encountered, oviposited and fed on
hosts less frequently with imidacloprid treated leaves than any other treated leaves. The numbers of host findings,
ovipositor insertions and host feedings were also significantly lower on the leaves treated with lufenuron than the con-
trol. These results suggest that imidacloprid and lufenuron reduced wasp host searching efficiency.
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been recognized as an effective biological control
agent of leafminers in tomato, bean and eggplant
(Saito et al., 1996; Arakaki and Kinjo, 1998; Ohno
et al., 1999; Mariana, 2000). Although both sexual
and asexual strains of N. formosa are present in
Kyushu, the asexual strain is a good biological con-
trol agent because this strain has a higher rate of
population increase than the sexual one (Arakaki
and Kinijo, 1998; Mariana, 2000).

The objective of this study was to determine if
conventional insecticides that are supposedly safe
to natural enemies and used for IPM programs
have sublethal effects on natural enemies. Since
imidacloprid, lufenuron and pymetrozine are rec-
ommended for IPM programs because of their high
selectivity, we examined possible effects of these
insecticides on host searching and oviposition 
behavior of N. formosa. Imidacloprid and
pymetrozine are commonly used for controlling
sucking pests such as Aphis gossypi, Brevioryne
brassicaei, Bemisia argentifolii, Thrips tabaci and
Caliothrips brasiliensis (Bethke and Redak, 1997;
Marquini et al., 2002; Sechser et al., 2002; Ester et
al., 2003). Lufenuron is currently available for lepi-
dopteran pests including Spodoptera littoralis, Ph-
thorimaea operculella and Lacanobia oleracae
(Javaid et al., 1999; Edomwande et al., 2000; Whit-
ing et al., 2000; Butter et al., 2003). These pests
and the leafminers often co-exist in fields of vari-
ous vegetables and ornamental crops, including
tomato, melon, cucumbers, eggplants, green pep-
per, peach, chrysanthemum, apple and strawberry
(Sibanda et al., 2000; van Lenteren, 2000; Mar-
quini et al., 2002).

MATERIALS AND METHODS

Insect. L. trifolii was reared on the kidney bean,
Phaseolus vulgaris L., in the same manner as de-
scribed by Giang and Ueno (2002). A single seed
of this plant was sown in a plastic pot (7.5 cm in di-
ameter) and kept at 25°C and 60–70% humidity
under constant light. One week after germination, a
tray (32 cm�44 cm�6 cm) containing 24 potted
plants was placed on a shelf (200 cm�60 cm�
50 cm) covered with a fine nylon mesh. Leafminer
adults were released inside the mesh and allowed to
oviposit on the plants for 24 h. Thereafter, the pot-
ted plants were maintained under the same condi-
tions until all leafminer larvae feeding on the

plants reach the last instar. The leaves containing
final-instar larvae were cut off and kept in a poly-
ethylene terephthalate (PET) bottle (1.5 l in vol-
ume) to gain adult leafminers.

Parasitoid. The asexual strain of the parasitoid
N. formosa used for the present study originated
from a culture that was reared from L. trifolli mines
collected in August 1997 from Kagoshima Prefec-
ture by the Fukuoka Agricultural Research Center,
Fukuoka, Japan. This parasitoid was maintained
with the final-instars of L. trifolii at 25°C with
60–70% humidity and 16L : 8D. Each leaf of kid-
ney bean plants (15–20 cm in height) was infected
with 30–50 s and third instar larvae of L. trifolii.
For parasitization, 6 host-infested plants and a
piece of tissue paper (2 cm�2 cm) saturated with a
honey solution were placed in a plastic cage
(35 cm�20 cm�25 cm) covered with a fine nylon
mesh. About 100–300 parasitoids were introduced
into the cage. After exposure for 24 h, these plants
were relocated to a plastic container (60 cm�
50 cm�40 cm) until pupation of the parasitoids
(approximately 6 days after parasitism). The kid-
ney bean leaves with parasitoid pupae were re-
moved from the plant stems and placed into a PET
bottle (1 l in volume). Emergence of parasitoids
was checked daily. Female wasps were provided
honey immediately after emergence.

Insecticides. The commercial formulations of
three insecticides, imidacloprid (Admire 10WP),
pymetrozine (Chess 25WP) and lufenuron (Match
5EC) were diluted with distilled water and applied
at the following field rates. The field rate for each
insecticide was based on the recommended label
rate assuming an application volume of 0.5 g/l of
water for imidacloprid and pymetrozine, and of
0.25 ml/l of water for pymetrozine. Medium size
(20–30 cm2) kidney bean leaves that were infested
with second host instar larvae (approximately 3
days after releasing leafminer adults) were se-
lected. The insecticides were sprayed on both
under and upper sides of the leaves (approximately
3 ml/plant with 2 leaves) with a power-pack aerosol
hand sprayer (Hand Spray Nozzle, Takeda Engei
Co., Japan). As a control, distilled water was ap-
plied to host infested plants in the same way as the
insecticides. After leaves were completely dry,
within 24 h of spraying, the control and treated
plants were used for the following experiments.

Experimental procedures. The leaves treated
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with insecticides or distilled water described above
were infested with 3–8 third instar hosts (yellowish
green in color, approximately 2.5 mm in length).
Individual parasitoid females within 2 days after
emergence were introduced into a truncated-cone-
shaped plastic container (8 cm in bottom diameter,
10 cm in top diameter and 5.5 cm in height) con-
taining a treated leaf. The container possessed
small holes (1.5 cm in diameter) covered with thin
muslin cloth on its sides for ventilation. We ob-
served behavior of females for 30 min after they
landed on the leaf under the binocular microscope.

The sequence of host searching and oviposition
behavior is shown in Fig. 1. After landing on a leaf,
a female wasp drummed the leaf surface with her
antenna. She sometimes inserted her ovipositor
through the epidermis of the leaf while walking.
When she encountered a host mine, she walked
along the mine while drumming the mine (host
mine drumming) and inserted her ovipositor into
the mine to find a host larva (host mine probing).
When she found a host larva in the mine, she in-
serted her ovipositor to lay an egg or fed on the
host. The female usually laid one egg in a host.
When females again encountered the hosts para-
sitized by themselves, they often left them without
oviposition but occasionally oviposited again in
them. For host feeding, the female first inserted her
ovipositor into a host larva, withdrew it and then
fed on the hemolymph oozing from the host. More-
over, a female repeated ovipositor insertion, with-
drawing and feeding on the same host 3 to 15 times
(n�7; Mean�SD�8.2�3.5). However, she did not
use the same host for both feeding and oviposition
(non-concurrent host feeding type, Jervis and Kidd,
1986).

We separated female behavior observed on
leaves into the following 7 events. Walking: a fe-
male walked not on the host mines but other parts
of a leaf. Host mine drumming: when a female
found a host mine, she walked along the host mine
while drumming the mine surface with her anten-
nae. Host mine probing: a female inserted her
ovipositor through a host mine or other part of the
leaf surface. Host drumming: when a female found
a host in a mine, she walked back and forth around
the host while drumming it with her antennae.
Oviposition: once a female located a host, she in-
serted her ovipositor into the host to lay an egg.
Host feeding: after probing a host, a female in-

serted her ovipositor into the host larva, withdrew
it and then fed on the hemolymph exuding from the
host wound. Resting: a female rested near or away
from a host on a leaf and often groomed.

The behavioral sequence and the duration of
each behavioral event were recorded. The duration
of host feeding was recorded as the period from en-
countering a host to departing from the host after
feeding. All experiments were done between 14:00
and 18:00 at 25°C with 60–70% humidity. A total
of 20 females were observed for each treatment.
After the observations, the hosts attacked by para-
sitoids were dissected to confirm whether para-
sitoids oviposited into the host. The area of ob-
served leaves was also measured.

Statistical analysis. The percentages were arc-
sine-transformed and then analyzed by a one way-
ANOVA. The means were separated by Fisher’s
PLSD test (SAS Institute, 1998).

RESULTS

Effect of insecticides on time stayed on host in-
fested leaves

During a 30 min observation, females spent
more than 89% of their time on the treated or con-
trol leaves searching for hosts. They occasionally
flew or walked off the leaf. There was no signifi-
cant difference in time spent on the leaf between
the treatments (df�3, 76, F�0.69, p�0.05) (Table
1).

Effects of insecticides on time allocation
The parasitoid spent less time walking, oviposi-
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tion and host drumming, but spent more time rest-
ing on leaves treated with imidacloprid than on
leaves treated with other insecticides and water.
There was no significant difference ( p�0.05) in
time spent for these three behavioral components
among pymetrozine, lufenuron and water treat-

ments. The parasitoid, however, spent no time on
host feeding in imidacloprid and lufenuron treat-
ments (Table 2).

Effects of insecticides on host foraging efficiency
Mean number of hosts encountered was signifi-

cantly different among the treatments (df�3, 76,
F�9.39, p�0.05) (Table 3). Females found fewer
hosts in imidacloprid and lufenuron leaves than
pymetrozine and control leaves (p�0.05).

Mean number of ovipositor insertions into hosts
was significantly different among the treatments
(df�3, 76, F�8.29, p�0.05) (Table 3). Females in-
serted ovipositors into hosts less frequently for imi-
dacloprid and lufenuron than for pymetrozine and
the control (p�0.05).

Mean number of ovipositions was also signifi-
cantly different among the treatments (df�3, 76,
F�9.67, p�0.05) (Table 3). Females oviposited in
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Table 2. Effect of insecticides on the percentage of time taken for behavioral events of N. formosa females 
on infested leaves during 30 min observation periods (Mean�SD)

Treatment
Behavior

Imidacloprid Pymetrozine Lufenuron Water

Walking on leaf 3.9�4.8 a 7.5�6.9 b 8.9�6.4 b 7.6�5.4 b
Host mine probing 1.2�2.1 a 1.4�1.6 ab 2.6�3.1 b 1.6�1.3 ab
Host mine drumming 10.7�12.3 a 12.6�5.9 ab 15.1�9.0 b 18.0�11.4 b
Host drumminga 3.7�4.4 a 10.8�6.9 b 8.4�4.7 b 10.4�4.0 b
Oviposition 7.7�10.3 a 22.6�14.1 b 23.1�13.5 b 19.1�8.7 b
Host feeding 0 a 1.0�4.5 b 0 a 4.6�11.9 c
Resting 62.5�30.7 b 40.4�23.9 a 37.2�23.7 a 30.5�17.7 a

Mean with the same letters within a row are not significantly different by Fisher’s PLSD after one-way ANOVA, p�0.05, n�20.
a Not including drumming of hosts that were fed on.

Table 3. Effect of insecticides on host finding, oviposition and host feeding by N. formosa females 
during 30 min observation priods (Mean�SD)

Treatment No. of hosts found
No. of ovipositor 

No. of eggs laidb No. of hosts fed on
insertions in hostsa

Imidacloprid 1.10�0.97 a 1.95�2.37 a 0.65�0.99 a 0 a
Pymetrozine 2.60�1.50 bc 6.89�5.63 c 2.15�1.27 b 0.05�0.22 b
Lufenuron 2.10�1.21 b 4.68�2.72 b 1.95�1.28 b 0 a
Water 3.05�1.15 c 5.63�2.41 bc 2.35�0.81 b 0.25�0.44 c

Means with the same letters within a column are not significantly different by Fisher’s PLSD after one-way ANOVA, p�0.05,
n�20.
a Not including the number of insertions into the hosts fed on.
b Includes superparasitism.

Table 1. Effect of insecticides on the percentage of time 
spent in host location of N. formosa females 

during 30 min (Mean�SD)

Treatments Time on leaf

Imidacloprid 89.19�22.01 a
Pymetrozine 96.25�12.54 a
Lufenuron 95.31�8.78 a
Water 92.73�13.46 a

Means with the same letter within a column are not signifi-
cantly different by Fisher’s PLSD after one-way ANOVA,
p�0.05, n�20.



fewer hosts for imidacloprid than for any other
treatments (p�0.05).

There was a significant difference in the number
of hosts feeding among the treatments (df�3, 76,
F�4.58, p�0.05) (Table 3). Females fed on hosts
more often in the control than the other treatments
(p�0.05).

DISCUSSION

Insecticides can upset the very precise coordina-
tion between the insect nervous and hormonal sys-
tems and have an effect on a complex series of be-
havioral and physiological events related to ovipo-
sition and feeding (Haynes, 1988). Insecticides are
known to cause irritancy, locomotory depression
and repellency in parasitoids, resulting in dimin-
ished oviposition and host feeding success (e.g.
Franz and Fabrietius, 1971; Irving and Wyatt,
1973; Perera, 1982; Singh and Varma, 1986;
Haynes, 1988; Croft, 1990; Rogers and Potter,
2003). The present study also showed adverse ef-
fects of insecticides on searching and oviposition
behavior of N. formosa. The parasitoid females
spent more time resting near or away from hosts
and less time foraging for hosts on the leaves
treated with imidacloprid than the other treated
leaves (Table 2). We observed that some females
often groomed during resting and others stood still
for a long time. These observations indicate that
imidacloprid has irritant and locomotory depres-
sion effects on this wasp. The grooming behavior
is thought to be a reflex action initiated by an irri-
tant to chemoreceptors or mechanoreceptors lo-
cated on the insect body surface (Reingold and
Camhi, 1978). These grooming or cleaning behav-
iors remove contaminates from the irritated areas
(Gratwick, 1957). Rogers and Potter (2003)
demonstrated that imidacloprid caused grooming
behavior in the parasitoid Tiphia vernalis by inter-
fering with the antennal receptors, thereby extend-
ing grooming of antennae and inhibiting host
recognition. When N. formosa females are exposed
to imidacloprid treated leaves, they may groom to
remove and emanate the insecticide. In addition,
imidacloprid caused N. formosa females to spend a
greater proportion of their time resting. These facts
suggest that this chemical acts as a locomotory de-
pression through intoxicating effects. Imidacloprid
has also been shown to reduce mobility of the

predators, Coleomegilla maculate (Smith and
Krischik, 1999) and Harpalus pennsylvanicus
(Kunkel et al., 2001). Imidacloprid is a neonicoti-
noid insecticide acting mainly through ingestion
and contact. Its high activity is brought about by
binding to nicotinergic acetylcholine receptors in
the insect nervous system (Marquini et al., 2002).

Previous studies indicated repellent responses of
parasitoids to insecticide residues (e.g. Irving and
Wyatt, 1973; Perera, 1982; Jiu and Waage, 1990;
Longley and Jepson, 1996; Umoru et al., 1996).
However, we did not observe parasitoids attempt-
ing to escape from the observation cage during this
study. It is unclear whether these insecticides
caused repellent responses in N. formosa because
our experiments were conducted under confined
conditions.

Lufenuron also had adverse effects on host
searching activities of N. formosa. Time allocated
for host feeding and the number of host feedings
on lufenuron treated leaves was significantly
smaller than those on the control. Although time
allocated for host searching and oviposition on
lufenuron treated leaves did not differ from the
control, the number of hosts found and host feed-
ings on lufenuron treated leaves were smaller than
for the control. This indicates that lufenuron causes
behavioral changes in this parasitoid. However,
how these effects are caused is still unclear at this
point.

In addition to acute effects of insecticides, the
insecticides that cause a reduction in host search-
ing activity may have further adverse effects on
subsequent longevity and fecundity of the para-
sitoid. For synovigenic parasitoids, there is a tight
link between feeding by adults and subsequent 
reproduction (Haynes, 1988). Since host blood is
superior as a source of proteinaceous materials, 
essential vitamins and salts for egg development
(Jervis and Kidd, 1986; Heimpel and Collier,
1996), and a valuable source of nutrition for main-
taining metabolism (Jervis and Kidd, 1986; Jervis
et al, 1996) in host-feeding species, host-feeding
parasitoids generally have reduced life time fecun-
dity and longevity without host-feeding (Jervis and
Kidd, 1986). Mariana (2000) reported that the
asexual strain of N. formosa frequently host-feeds,
and 65% of host mortality is caused by this para-
sitoid. Although there is no studies on the effects
of host feeding on longevity and fecundity of N.
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formosa, reduction of host feeding frequency
caused by imidacroplid and lufenuron would likely
reduce fecundity and longevity.

It has been recommended that these insecticides
are selective for control of target pests and should
be used to control aphids, thrips, whitefly, tuber
moth and Spodoptera species in conjunction with
IPM on vegetable and ornamental crops where
leafminers often co-exist with the pests. These
chemicals are supposedly safe for the complete
spectrum of beneficial arthropods, but have excel-
lent efficacy against target pests. However, imida-
cloprid and lufenuron had adverse effects on host
foraging behavior of N. formosa. Thus, although
these chemicals are not to target L. trifolii, the ap-
plication may affect the effectiveness of N. formosa
as a biological control agent of leafminers.
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