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Abstract

Oviposition behaviour and egg distribution of Ostrinia nubilalis is reviewed based on published information and new research.
The position of egg masses of O. nubilalis on maize plants and leaves were sampled in the field. Most egg masses were found on
the lower leaf side, on the middle part of the leaf or close to the stem, and close to the mid-rib. Direct observations of oviposition
behaviour were made in laboratory and field cages. O. nubilalis moved very little on the plants and only 10 % of the females that
landed on the plants oviposited. The number of actual ovipositions was quite low compared to the number of landings, with fe-
males walking only a few centimetres if at all. Shed scales of adult moths were not abundant near egg masses with only 37% of
egg masses associated with scales and 45% with only a few scales. Many scales were found on other places of the plants. At the
leaf and plant level, scales might serve as a useful host-cue to Trichogramma brassicae, an egg parasitoid of O. nubilalis. How-
ever, scales are not an indicator for the presence of egg masses in their immediate vicinity.
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Introduction

Ostrinia nubilalis Hiibner (Lepidoptera Crambidae), the
European corn borer, is an important pest of maize in
most temperate regions of the northern hemisphere. In
order to understand the mating behaviour, egg distribu-
tion and density of O. nubilalis on maize, and its influ-
ence on Trichogramma egg parasitoids, we first summa-
rized earlier published information, and, next, per-
formed a series of experiments to collect important in-
formation that was still lacking.

Mating and oviposition behaviour of O. nubilalis
When maize is grown in crop rotation schemes, the
fields in which O. nubilalis emerge will usually not be a
maize field (Bigler and Brunetti, 1986). Following
emergence, the moths spend the first night in the fields
of emergence where they mate (Buechi ef al., 1981,
Cordillot, 1989). Although a single mating suffices to
fertilize all the eggs of the female, multiple matings are
possible (Poos, 1927; Cordillot, 1989). The second
night, females will migrate to the maize fields (Cordil-
lot, 1989). The males stay behind but will follow the
next few days, attracted by the sex pheromones of still
unmated females. From then on, the moths migrate daily
in and out of the field. Daytime is spent in the grassy
borders of the fields (Derridj et al., 1986; Cordillot,
1989). During the night O. nubilalis enters the maize
field to oviposit, and to drink the dew from maize
plants, which contains sugars (Derridj et al., 1986).
Flight takes place in the first three hours of darkness
(Broersma et al., 1976). The moths fly low, usually less
than one meter above the vegetation (DeRozari et al.,
1977). Mating and flight are inhibited by low tempera-

tures (Hudon ez al., 1989), heavy rains (Oloumi-Sadeghi
et al., 1975) and strong winds (Loughner and Brindley,
1971; Sappington and Showers, 1983). Light rains
stimulate O. nubilalis activity (Everett et al., 1958; Bar-
low and Mutchmore, 1963; Kira ef al., 1969).

The oviposition period ranges from 1-28 d with a
mean of 12.8 d (Poos, 1927). Oviposition, which has an
endogenous circadian rhythm (Skopik and Takeda,
1980), and is influenced by the weather, mainly takes
place in the first two hours after dark (Caffrey, 1928;
Cordillot, 1989). Various factors stimulate or deter ovi-
position. Certain growth stages of the maize plant are
preferred for oviposition (Ficht, 1932; Derridj et al.,
1989; Turner and Beard, 1950), and the largest and most
developed plants are preferred (Patch, 1942; Horber,
1961). Plant extracts were shown to have some attrac-
tion for O. nubilalis (Cutright and Huber, 1928; Moore,
1928; Cantelo and Jacobson, 1979). Burgio and Maini
(1995) suggest baits of phenlylacetaldehyde to trap O.
nubilalis adults. Compounds on the leaf surface, such as
glucose, will stimulate oviposition (Derridj and Fiala,
1983; Fiala et al., 1985; Derridj et al., 1992). Pentane
extracts of the whorl and tassel stages of maize stimu-
late oviposition, but extracts of an earlier and later de-
velopmental stage do not (Udayagiri and Mason, 1995).
Eggs (Thiery and le Quere, 1991), larval frass (Dittrick
et al., 1983) and damaged maize plants (Schurr and
Holdaway, 1966) emit volatiles which repel gravid fe-
males. Thus, females avoid oviposition on plants where
egg masses or larvae are already present. When egg-
laying is about to begin, the moths hover about one me-
ter above ground (Hudon and LeRoux, 1986a).

Oviposition itself was described by Poos (1927),
Caffrey and Worthley (1927) and Garnier-Geoffroy et



al. (1996). To oviposit, the female sits on the leaf with
its head upward. The end of the abdomen is bent down
and the ovipositor extruded. When the ovipositor
touches the leaf, the abdomen is pulsed rapidly until an
egg emerges. The round egg is pushed against the leaf,
and is flattened with the tip of the ovipositor. Eggs are
laid in an overlapping pattern. Females do not move
substantial distances during the oviposition of an egg
mass, unless they produce a long, narrow egg mass with
many eggs. The production of a normal egg mass will
take about 5 minutes. Leaf folds seem to be preferred as
oviposition sites (Abel et al., 1995).

The size of egg masses varies from 1 to 64 eggs, with
a mean of 15 eggs (Poos, 1927; Caffrey and Worthley,
1927). The size is not influenced by temperature (Go-
hari and Hawlitzky, 1986) or position on the plant (Vail-
lant and Hawlitzky, 1990). During its lifetime, the fe-
male can produce about 350 eggs (Caffrey and Worth-
ley, 1927; Reh and Ohnesorge, 1988). Egg masses are
held together and adhered to the leaf with a compound
produced by the abdominal glands (Beck and Stauffer,
1950).

Distribution of egg masses
Within-field egg mass
tions

Most of the work on egg mass distribution in the field
has been done in order to establish accurate and inex-
pensive sampling procedures for predicting O. nubilalis
population densities. All three types of theoretical dis-
tribution have been observed for O. nubilalis. If O. nu-
bilalis would choose maize plants at random, the num-
ber of egg masses per plant should be Poisson distrib-
uted, which is actually the most common distribution
found in the field (McGuire et al., 1957; Chiang and
Hodson, 1959; Calvin et al., 1986; Coll and Bottrell,
1991; Sorenson et al., 1993). If O. nubilalis would have
a clear preference for certain plants within the field, a
clumped distribution of egg masses should be found.
Hudon and LeRoux (1986b) found a negative binomial
distribution of egg masses over the plants, indicating
some clustering. If O. nubilalis would avoid plants on
which egg masses were laid, a uniform distribution
should be the result. At higher egg mass densities indi-
cations for such uniform distributions can be found, as
more plants have only one egg mass then would be ex-
pected from a Poisson distribution (Vaillant and
Hawlitzky, 1990; Hawlitzky et al., 1994). If the egg
mass density is low, it is hard to detect differences be-
tween these three types of distribution. The location of a
plant in the field can also have some influence. The
number of egg masses can be higher at the field edge
(Lee, 1988). In general, the distribution of O. nubilalis
egg masses in the field is not always completely ran-
dom, but can be adequately described as a Poisson dis-
tribution, especially if densities are low (Shelton et al.,
1986).

distribu-

Within-plant distribu-
tions
Egg masses are mainly laid on the leaves. Depending

on the source, between 0 and 6% of the egg masses are

egg mass
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found on the stem (Everly, 1959; Burgstaller, 1974;
Windels and Chiang, 1975; Shelton et al., 1986; Milani
et al., 1988; Coll and Bottrell, 1991). One reason for
this might be that the higher glucose levels on the leaf
surface result in increased oviposition by O. nubilalis
(Fiala et al., 1985).

The height distribution of egg masses over the plant
has been studied by many authors, and an overview of
the data from the literature is presented in table 1. Most
egg masses are found in the middle strata of plants and
can vary greatly from year to year and from area to area
(Huber et al., 1928; Everly, 1959; Windels and Chiang,
1975; Vierling, 1985; Calvin et al., 1986; Hudon and
LeRoux, 1986a; Klinger, 1979; Ohnesorge and Reh,
1987; Lee, 1988; Ismail, 1989; Lupoli ef al., 1990; Coll
and Bottrell, 1991; Sorenson et al., 1993; Hawlitzky et
al., 1994). Exceptions to this were found by Burgstaller
(1974) and Despins and Roberts (1986), who found
most egg masses in the lower third of the plant.

Humidity and temperature influence the leaf level of
oviposition (Chiang and Hodson, 1972; Despins and
Roberts, 1986; Ohnesorge and Reh, 1987). The distribu-
tion over the leaf levels is symmetrical with most egg
masses on the middle leaves. O. nubilalis apparently
moves between the plants at a horizontal level to ovi-
posit. The number of egg masses per unit surface area is
higher in the upper leaves, due to the smaller leaf size.
Within-leaf distribu-
tion

The literature is very clear about the distribution of
egg masses over the leaf sides: most egg masses (73-
100%) are found on the lower leaf side (table 2; Poos,
1927; Everly, 1959; Windels and Chiang, 1975; Hudon
and LeRoux, 1986a; Shelton et al., 1986; Jarvis and
Guthrie, 1987; Lee, 1988; Ismail, 1989; Coll and
Bottrell, 1991; Sorenson et al., 1993). This is not only
true for maize, but also for other crops (Legg et al.,
1986; Savinelli et al., 1986). Only in one case there was
an equal amount of egg masses on upper (adaxial) and
lower (abaxial) side of the leaves. The next season in
the same area, 62% of the egg masses were on the lower
leaf side (Milani et al., 1988). In an insectary experi-
ment, the moth oviposited equally on both leaf sides
(Hudon and LeRoux, 1986a), but in insectaries the
leaves may touch the netting, which increases the
chance of landing on the upper side by O. nubilalis fly-
ing along the cage.

Less is known on the distribution of egg masses over
the leaf (table 3). Burgstaller (1974) found 49% of the
egg masses on the third of the leaf closest to the stem,
35% on the middle part and 16% on the point. Vierling
(1985) and Klinger (1979) found 22%, 49% and 16%
and 42%, 40% and 18% respectively on the base, mid-
dle and point of the leaf. Poos (1927) and Shelton et al.
(1986) also mention that fewer egg masses are found
close to the leaf point, and that parts closer to the stem
have more egg masses. Poos (1927) and Beck (1987)
mention that O. nubilalis prefers to oviposit close to the
mid-rib. Legg et al. (1986) observed that on sunflower
the large veins are also preferred for oviposition.

egg mass



Table 1. Distribution of O. nubilalis egg masses on maize plants.

Position

Plant size

Source

most egg masses close to silking ear
mainly at lower part of plants
symmetrical distribution over leaf 2-12
most were found on leaves 6-7

76.7% on middle leaves near silking ear
82% on leaf 1-4, 98% on leaf 1-6

not specified
not specified

13-14 leaves

not specified
8-10 leaves

lower part of plant

6-15% on ear leaf

95% on leaf 4-10

most were found on leaf 7
87% on leaf positions 1-8

17.9% on leaf 6, 16.9% on leaf 7

11% on the husks of the ear
leaf 5to 15
most were found on leaf 8

95% on leaf 5-9, 28% on leaf 7

leaf 8-13
83% on leaf 3-7

85% in 5 leaves around primary ear

leaf 2-8, 70.7% on leaf 4-6
most were found on leaf 5

43.3% in ear leaf and two adjacent leaves

(fodder maize)

34.1% in ear leaf and two adjacent leaves

(sweet maize)

15 leaves
not specified

13 leaves

not specified
not specified
17 leaves

12-14 leaves
14-16 leaves
not specified
not specified

10 leaves
not specified

not specified

Beck, 1987
Burgstaller, 1974

Calvin et al., 1986

Coll and Bottrell, 1991
Despins and Roberts, 1986
Despins and Roberts, 1986
Everly, 1959

Hawlitzky et al., 1994

Huber et al., 1928
Hudon and LeRoux, 1986a
Ismail, 1989

Lee, 1988

Lupoli et al., 1990
Ohnesorge and Reh, 1987
Sorenson et al., 1993

Vierling, 1985
Windels and Chiang, 1975

Windels and Chiang, 1975

Table 2. Position of leaf side with O. nubilalis egg
masses in maize and other crops.

Lower side Crop

Source

52.2% maize

62.4% maize

73.4% maize

79.1% maize

87.2% maize

87.2% fodder maize
92.6% maize

95.1% sweet maize
95.6% maize

96.3% maize

97.6% maize

99% maize

100% maize

100% maize
Almost all cotton

>90% sunflower
50% maize, insectary

Milani et al., 1988

Milani et al., 1988
Sorenson et al., 1993
Ismail, 1989

Coll and Bottrell, 1991
Windels and Chiang, 1975
Everly, 1959

Windels and Chiang, 1975
Lee, 1988

Everly, 1959

Poos, 1927

Hudon and LeRoux, 1986a
Jarvis and Guthrie, 1987
Shelton et al., 1986
Savinelli et al., 1986

Legg et al., 1986

Hudon and LeRoux, 1986a

Effect of Ostrinia egg laying pattern and scale
deposition on Trichogramma egg parasitoids

Egg laying patters of O. nubilalis will affect the host-
finding behaviour of its egg parasitoid Trichogramma
brassicae Bezdenko (Hymenoptera Trichogrammati-
dae). T. brassicae is not specialized on O. nubilalis or
maize. It parasitizes other lepidopteran eggs on other
host plants (Smith, 1996; Thomson et al., 2003). The
egg stage of lepidopterans is hard to detect, because it
does not feed and thus produces no frass and excre-
ments. Parasitoids can improve their chances to detect
hosts by using host cues produced by a stage of the host
that is more detectable than the stage that the parasitoid
is searching for (Vet and Dicke, 1992). This semio-
chemical detour is used by 7. brassicae, which reacts to
scales and sex pheromones of the adult O. nubilalis
(Smits, 1982; Kaiser et al., 1989; Renou et al., 1989,
1992; Bieri et al., 1990; Frenoy et al., 1991, 1992).
Whether these adult cues are reliable depends on the
behaviour of the adult, which determines where these
cues will be found in time and space. Learning is used
by parasitoids to connect stimuli that are easy to detect
but unreliable with stimuli that are hard to detect but

Table 3. Position of O. nubilalis egg masses on the maize leaf.

Position

Source

49% on base, 35% middle, 16% on point

22% on base, 49% middle, 16% on point

42% on base, 40% middle, 18% on point

fewer egg masses on point than on middle and base
most near middle or base, few at point

Burgstaller, 1974
Vierling, 1985
Klinger, 1979
Shelton et al., 1986
Poos, 1927
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reliable cues to host presence (Vet et al., 2003). T. bras-
sicae can associate the odour of maize with the presence
of O. nubilalis egg masses after an oviposition experi-
ence (Kaiser ef al., 1989), but the reaction to host scales
of Mamestra brassicae L. was not influenced by ovi-
position experience (Gardner and van Lenteren, 1986).
A generalist might have a strong fixed response to cues
that are common to all its hosts (Vet and Dicke, 1992),
but in that case it is unable to optimize its responses by
learning (Lewis et al., 2003). The more fixed the re-
sponses to scales, the stronger differences in scale dis-
tribution between host species will affect the parasitoid.

It appears that sufficient data on egg mass distribution
of O. nubilalis over the field and on the plant are avail-
able in already published material, but that information
at the leaf level is lacking. In this paper, the within-
plant and within-leaf distribution of egg masses of O.
nubilalis is presented. Observations on oviposition be-
haviour of O. nubilalis were made to collect informa-
tion about the relationship between landing sites and
oviposition sites, and about the distribution of moth
scales over plants. The obtained information about egg
distribution and scale deposition of O. nubilalis will be
discussed in the light of understanding host finding by
T. brassicae.

Materials and methods

Moths

O. nubilalis, which has one generation per year in
Switzerland, was reared at the Swiss Federal Research
Station for Agroecology and Agriculture and used for
the climate room observation experiments. The colony
was started in 1990 with 500 diapausing larvae collected
at Cadenazzo (Ticino, Switzerland). Larvae were reared
on an artificial medium for approximately 20 genera-
tions. Pupae were moved to cages (45 x 45 x 45 cm)
where the adults could emerge and mate. On top of the
cage, a sheet of wet filtration paper was placed for the
females to oviposit. This sheet was then removed to col-
lect the egg masses and start a new rearing cycle. Mate-
rial for the observations was obtained by collecting pu-
pae and letting them emerge. The newly emerged O.
nubilalis males and females were kept together for 96 h
to allow mating in Plexiglas containers provided with
honey-water in a 25 °C climate room. For the field cage
observations, O. nubilalis emerged from pupae collected
from stubble at the Swiss Federal Research Station for
Agroecology and Agriculture and O. nubilalis from sec-
ond generation pupae collected near Cadenazzo (Ticino,
Switzerland) were used.

Plants

For the climate room observation experiments, green-
house grown maize plants with 9 leaves and 1.50 m
high (cv LG11) were used. For the insectary observa-
tions, field-grown plants with 9 leaves and 1.70 m high
(cv. Atlet) were potted for use. Field grown plants have
thicker stems and a much larger leaf area compared to
greenhouse grown plants of the same height.
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Distribution of egg masses over plants in the field
Egg masses were counted during the summer of 1993
in Schinznach (Canton Aargau) and Wasterkingen (Can-
ton Ziirich) in Switzerland. A total of 18 maize fields (9
from each region) were used for the study. A total of
144 and 110 plots, each plot containing 10 plants, were
sampled in Schinznach and Wasterkingen respectively:
a total of 2540 plants were carefully examined for O.
nubilalis egg masses. Positions of egg masses within
plants and within leaves were recorded. For within-plant
distribution, leaves of the maize plants were numbered
with the lowest leaf on the plant as leaf one. To record
within-leaf distribution of egg masses the position of
each egg mass was marked on a sketch of the leaf. Rela-
tive positions of the egg mass to the maize stem and to
the mid-rib were later measured with a ruler on the leaf
sketch. Plants at Schinznach were checked on 22 June
and 7, 21 July and at Wasterkingen on 23, 30 June and
13, 27 July. This time covered most of the oviposition
period of O. nubilalis. All data were combined to de-
termine O. nubilalis oviposition distribution on the leaf.

Oviposition behaviour and distribution of egg
masses over plants in a cage in the laboratory

Observations in the laboratory were done to make an
initial description of Ostrinia oviposition behaviour and
to be able to design a field cage set-up. A maize plant
was placed in a Plexiglas cage (58 x 58 x 126 c¢cm). Ob-
servations were made during 8 nights in a 25 °C climate
room (16L/8D) during 8 nights. Light was turned off at
17.00, observations started at 20.00 and finished at
22.30. Illumination for the observer was provided by
low-intensity red light. A container with 6 to 28 O. nu-
bilalis, of which about half were female, was placed on
the bottom of the cage and the lid removed. Some of the
individuals left the container and the movement of these
O. nubilalis individuals over the plant was recorded for
2.5 hours. To be able to do this a drawing of the plant
and the leaves was made prior to the experiment. During
the observation period, the place and time where certain
activities took place were noted on the drawing of the
plant. Usually, only a few O. nubilalis individuals were
active as the same time, so continuous observations of
each individual could easily be made despite the fact
that several individuals where in the cage. The follow-
ing activities were scored: (1) time of landing on and
departure from the leaf, including leaf side, and (2)
time, position and type of activity (walking, standing
still, probing the leaf with abdomen) on the leaf, includ-
ing leaf side. Movement and activities on the Plexiglas
walls were not recorded, though oviposition on the
walls was regularly observed. The maize plants were
left in the cage overnight and checked the next day for
egg masses. O. nubilalis was observed for eight nights
in the climate room.

Oviposition behaviour and distribution of egg
masses over plants in a field cage

Four maize plants were placed in a 2.5 x 2.5 x 2 m
field insectary with a metal frame covered with fine
plastic netting. Fresh O. nubilalis were released in the
cage as they became available, resulting in a population



Table 4. Number of O. nubilalis egg masses found in 18 maize fields in Schinznach and Wasterkingen (Switzerland).

Side of leaf

Date Place Lower Upper Total
22.06.1993 Schinznach 25 0 25
23.06.1993 Wasterkingen 36 2 38
30.06.1993 Wasterkingen 51 3 54
07.07.1993 Schinznach 130 2 132
13.07.1993 Wasterkingen 49 2 51
21.07.1993 Schinznach 69 2 71
27.07.1993 Wasterkingen 26 0 26

Total number of egg masses 386 (97%) 11 (3%) 397 (100%)

of mixed age classes. Approximately 20 Ostrinia indi-
viduals were in each cage during observations, of which
about 2/3 were females. After sunset, behaviour was ob-
served for 2 h during 10 nights.

Distribution of moth scales over plants in labora-
tory and field cages

To see whether O. nubilalis left any moth scales be-
hind that could be used as host cues close to oviposition
sites and on other places of the plant, plants were
checked under the microscope for the presence of moth
scales. Four of the plants used for observations in the
climate room, and four plants from the field cage were
carefully checked for moth scales.

Scales of Ostrinia that were found on the maize leaves
were divided in two categories: large (length 0.234-
0.167 mm, width 0.033-0.007 mm) and small (length
0.067, width 0.033-0.007 mm). When a single scale or
scale cluster was closer than 3 cm to an egg mass, the
two were assumed to be associated.

Results

Distribution of egg masses over plants in the field

A total of 397 O. nubilalis egg masses were recorded
in the field, with an average of one egg mass for every
6.4 plants checked. The date, place, number of egg
masses found on the lower and upper part of the leaf
and total number of egg masses found are reported in
table 4.

Except for one egg mass found on the stem, all other
egg masses (99.7%) were found on the leaves. Only 3%
of the egg masses were found on the upper leaf side.
The egg masses were mainly found on leaves three,
four, five, six and seven (18, 25, 23, 16 and 8% respec-
tively), as illustrated in figure 1.

Figure 2 illustrates the position of egg masses relative
to the leaf mid-rib. Forty-two percent of the egg masses
were found on or very close to the leaf mid-rib (10% of
total leaf width), and 64 percent in 20% of total leaf
width. Very few egg masses are found close to the edge
of the leaf.

Position of egg masses relative to the plant stem are
represented in figure 3. A large proportion of egg
masses were found on the middle section of the leaf.
Approximately 80% of the egg masses were found be-
tween the relative distance of 20 and 60% from the stem.

Oviposition behaviour and distribution of egg
masses over plants in cages in the laboratory and
the field

Results of climate room and field insectary observa-
tions are shown in table 5. In both experiments, not all
moths were active or moths just flew against the walls
of the cage without landing on a plant. In the climate
room, the cage was small so accidental contact with the
plant was quite likely, which might explain the higher
number of contacts observed than in the field insectary.
Females landed proportionally more then males. A few
of the females were very active, and made many short
visits to the plant. In the climate room, 27 landings had
a duration of only five seconds or less, while in the in-
sectary, 38 landings lasted only five seconds or less.
This explains why the median duration of a visit was so
much lower than the mean duration. In the climate
room, one female landed ten times and walked much
further over the leaf than all other females observed. In
the insectary, the largest number of landings by a single
female was eight times.

Top

T Juu
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o 5
o
3
4 |
| ]
3 |
2
di
0 20 40 60 80 100
Bottom Number of egg masses observed

Figure 1. Distribution of 396 O. nubilalis egg masses
over the leaf levels of maize in the field. Level one is
the lowest leaf.
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Figure 2. Distribution of 396 O. nubilalis egg masses
over the leaf width of maize leaves in the field. Dis-
tance relative to the mid-rib.

84 ]

i
TW H o
DD L H [

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Distance from stem (% of total leaf length)

MNumber of egg masses observed
E
=

Figure 3. Distribution of 396 O. nubilalis egg masses
over the leaf length of maize leaves in the field. Dis-
tance relative to the stem.

Table 5. Observation of O. nubilalis landing on maize plants in a cage in a climate room and in an insectary in the field.

Climate room cage

Field insectary

Number of observation nights 8 10
Number of landings 93 76

Female 69 71

Male 24 5

Number of moths landing 57 33

Mean number of landings per moth 1.63 2.30
Percentage of landings on lower side 66 84
Mean leaf level of female landings 4.9+ 0.2% 5.5+£0.3*
Mean time on plant (min) 20.5 +4.2% 11.6 +2.8*
Median time on plant (min) 2 1
Number walking 15 9

Number of females walking 12 8
Mean distance walked (cm) 49+ 1.7* 2.5+0.3*
Median distance walked (cm) 2 3
Number of probes with abdomen seen 44 12

Ovipositions 7 8
Mean oviposition leaf level 44+0.8* 5.8+0.6*
*Mean =+ s.e.

Walking after landing was observed in only a few of Top | o
the cases, both for males and females. However, some 9
of the O. nubilalis were discovered on the leaves with- s
out the landing being observed. In these cases, it was —
not possible to say whether they had walked or not. The e
distance walked was usually short. The mean distance in - RS
the climate room was higher only because of the behav- T
iour of one single female. Walking only occurred on the % 3
leaves.‘O. nubzlalzs. stayed on thc? same leaf side dprmg e
the entire search with the exception of two cases in the 5 |
climate room. In the climate room, probing with the ab- !
. . ]

domen was observed in many cases. In the field insec- S s
tary, light conditions were less good making such de- ’ ;1 B Fisid insectary
tailed observations harder. The number of actual ovi- — !
positions was quite low compared to the number of 0 4 8 12 16 20 24 28
landings. In both the climate room and the insectary, the  Bottom Number of O. nubilalis landing

mean leaf level of oviposition was close to the mean
leaf landing level (4.4 in the climate room and 5.8 in the
field insectary). The distribution of landings of females
over the leaf levels is shown in figure 4.
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Figure 4. Distribution of female O. nubilalis landings
over the leaf levels of maize in a cage in a climate
room cage and in an insectary in the field. Level one is
the lowest leaf.



Table 6. Distribution of O. nubilalis egg masses and scales observed on maize plants in a cage in a climate room.

Number Percentage
Number of plants checked 8
Number of egg masses 62
Egg masses on lower side 39 65
Total scales/scale patches associated with egg masses 39 45
Total scales/scale patches not associated with egg masses 48 55
Egg masses
No scales 23 37
Few scales on or near egg mass 28 45
Dense scale area around egg mass 11 18
Scales not associated with egg masses
Single scales or few scales 29 61
Large area with single scales 4 8
Track of scales 5 10
Dense scale area 10 21

Distribution of moth scales over plants in labora-
tory and field cages

Clusters of scales can be detected with the naked eye
because of their "shiny" appearance. Single large scales
were easily discernable on the leaf under a microscope,
but single small scales were hard to detect. Most of the
scales found were not directly associated with egg
masses (table 6). Of the 62 egg masses, 82% had no or
only a few scales (1-10) on or around them, while only
18% had an area with many large and small scales
around (table 6). The number of dense scale patches
without egg masses was almost the same as those asso-
ciated with egg masses. Such patches had sizes from 2
to 20 mm in diameter, and were irregularly formed. Five
very long and narrow scales patches were found (20-100
mm long), none of which was associated with an egg
mass. Large scales were sometimes found single or in
groups (1-10 scales) on the leaves. In four cases, single
scales (both large and small) were spread over a large
part of one leaf side.

The combination of the behavioural observations and
the scales found showed that some of the dense patches
of scales resulted from oviposition and abdominal prob-
ing. For each oviposition in the direct observations, 9.33
landings were made. Combined with the scale data, it is
found that a landing resulting in oviposition has a 63 %
chance of leaving scales behind, while landings not re-
sulting in oviposition have only a 9% chance of leaving
scales on the leaf. The distribution of egg masses and
scales over the leaf levels was similar to the O. nubilalis
landing distribution shown in figure 4.

Discussion

Distribution of egg masses over plants in the field
Distribution of O. nubilalis egg masses on maize
plants in the field shows that egg masses are mainly
found on the middle strata of the plant. As previously
noted by other researchers, very few egg masses were
laid on the upper leaf side. The within-leaf distribution
of eggs shows that most egg masses were laid close to
the mid-rib. A large proportion of egg masses were

found on the middle section of the leaf relative to the
plant stem, and oviposition on the tip of the leaf was
rare.

Oviposition behaviour and distribution of egg
masses over plants in cages in the laboratory and
the field

During the experiments in the laboratory and field
cages it was observed that oviposition almost always
took place close to the place of landing. Few O. nubila-
lis move over the plant by walking, and those that do
walk do so only for short distances. This means that the
distribution of egg masses found on the plant also indi-
cates the landing distribution over the plant. In our ob-
servations, 34% of landings in the climate room cage
and 16% of the landings in the field insectary were on
the upper leaf side. We consider the relatively frequent
oviposition on the upper leaf side in the laboratory and
field cages as an artefact of these cages. We do not think
that this artefact is caused by the relatively high number
of O. nubilalis which we released in the cages, as very
few individuals were simultaneously active and contacts
between individuals were rarely observed. We suppose
that egg laying on the upper site is an effect of very re-
stricted possibilies for movement which the cages offer
to O. nubilalis.

Although landing and oviposition sites are similar, the
number of landings is much higher than the number of
ovipositions. In the experiments, the walls and ceiling of
the cage or the insectary were often used as a resting
place. In more than half of the landings in the cage, ovi-
positor probing was observed. This suggests that after
most landings the plant is not used as a resting place only.
The abdomen contains most of the receptors for perceiv-
ing plant substances indicating plant quality, such as fruc-
tose, saccharose, malate and aconitate (Baur et al., 1994).

Distribution of moth scales over plants in labora-
tory and field cages

At distances of one to three centimetres (i.e. the maxi-
mum walking distance of O. nubilalis on the leaf), we
found no strong relationship between egg masses and the
presence of scales. Many egg masses had little or no
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scales in the vicinity, while on the other hand many
scales and patches of scales were found on leaves with
no egg masses. Scales or scale patches on leaves without
egg masses could be the result of landings by males and
females. We already indicated that in the laboratory and
field cages, more ovipositions took place on the upper
side of the leaves, and, similarly, altogether a higher than
normal number of landings might have occurred on the
leaf upper side than in the field. These artefacts should
be kept in mind when discussing the current data in rela-
tion to the host searching behaviour of Trichogramma.

From the number of egg masses with little or no
scales, it is clear that probing or ovipositing will not
necessarily leave scales on the leaf. In natural field con-
ditions, the number of egg masses and scale patches will
be lower, with a maximum of two or three egg masses
per plant. The position of the scales will be different
too. Since moth landings in the field will be mostly on
the lower leaf side, the host cues will also be more con-
centrated on the lower leaf side than in the observation
experiments in cages. Scales in the field will indicate
that there probably is an egg mass on the plant or on the
leaf, but this egg mass might not be close to the point
where the scales are encountered.

Effect of Ostrinia egg laying pattern and scale
deposition on Trichogramma egg parasitoids

The egg parasitoid 7. brassicae shows a distinctive
landing and searching pattern on clean maize plants. 7.
brassicae land on both sides of the leaf, and although
their landing positions are not often near the mid-rib of
the leaf, landing distributions over the length of the leaf
are quite similar with those of O. nubilalis egg masses
(Suverkropp, 1994). Both sides of the leaf are searched,
but 7. brassicae spends up to 10% of time close to the
mid-rib and also spends more time searching the middle
and base part of the leaf (Suverkropp, 1997). Appar-
ently, the searching and landing pattern of T. brassicae
is quite similar with the O. nubilalis egg laying pattern,
apart from the time that 7. brassicae spends on the up-
per leaf side. Since both the amount of egg masses and
scales on upper leaf sides is low in the field, it would be
more efficient for 7. brassicae to spend most time on
the lower leaf side. But it is unlikely that the behaviour
of T. brassicae is a result of co-evolution with O. nubi-
lalis, since it is a generalist parasitoid. Landing distribu-
tion and movement patterns of 7. brassicae have proba-
bly evolved to provide an efficient way to search many
different plant species for eggs of a variety of host spe-
cies.

T. brassicae, like many Trichogramma species, reacts
to host cues. Scales of O. nubilalis elicit an arrestment
response (Bieri et al., 1990). However, based on the re-
sults presented in this paper, it is difficult to conclude
whether scales of O. nubilalis can be used by the parasi-
toid to find egg masses more efficiently. Therefore, we
developed an individual based Monte Carlo simulation
model which, together with validation experiments,
showed that presence of scale patches on the same leaf
as an egg mass and even when they are not close to the
egg mass, increase the encounter probability with host
eggs (Suverkropp, 1997).

310

Acknowledgements

We would like to thank Joel Schwarz for his observa-
tion work in the field insectary, and Stephan Bosshart
for rearing Ostrinia. The laborious work on egg mass
distribution in the field was made possible by the gener-
ous help of employees of Agroscope Reckenholz-
Téanikon, Research Station ART and the Cantonal Crop
Protection Services of Zirich and Aargau. Three
anonymous reviewers are thanked for their contributions
in improving the paper. This research is part of a joint
project of the Swiss Federal Research Station Ziirich-
Reckenholz and the Department of Entomology of
Wageningen Agricultural University. It was funded by
Novartis AG, Basel, Switzerland.

References

ABEL C. A., WILSON R. L., RoBBINS J. C., 1995.- Evaluation of
Peruvian maize for resistance to European corn borer (Lepi-
doptera: Pyralidae) leaf feeding and ovipositional prefer-
ence.- Journal of Economic Entomology, 88 (4): 1044-1048.

BARLOW V. B., KUHAR T. P., 2004.- Within-plant distribution
of European corn borer, Ostrinia nubilalis Hiibner, egg
masses on bell pepper.- Journal of Entomological Science,
39: 670-672.

BarLOW C. A., MUTCHMORE J. A., 1963.- Some effects of
rainfall on the population dynamics of the European corn
borer Ostrinia nubilalis (Hbn.)(Lepidoptera: Pyralidae).-
Entomologia experimentalis et applicata, 6: 21-36.

BAUR R., KESPER C., STADLER E., DERRIDI S., 1994.- Die
Wirtswahl des Maisziinslers Ostrinia nubilalis Hbn. (Lep.
Pyralidae): Die Rolle der Kontaktrezeptoren auf dem Ovi-
positor.- Mitteilungen der Schweizerischen Entomologischen
Gesellschaft, 67 (1-2): 205-206.

BEcK S. D., 1987.- Developmental and seasonal biology of
Ostrinia nubilalis.- Agricultural Zoology Reviews, 2: 59-96.
BECK S. D., STAUFFER J. F., 1950.- An aseptic method for rearing
corn borer larvae.- Journal of Economic Entomology, 43: 4-6.
BIERI M., BIGLER F., FRITSCHY A., 1990.- Abschitzung der

Sucherfolges vor Trichogramma evanescens Westw. Weib-
chen in einer einfach strukturierten Umgebung.- Mitteilun-
gen der Schweizerischen Entomologischen Gesellschaft, 63:

337-345.

BIGLER F., BRUNETTI R., 1986.- Biological control of Ostrinia
nubilalis Hon. by Trichogramma maidis Pint. et Voeg. on
corn for seed production in southern Switzerland.- Journal
of Applied Entomology, 102: 303-308.

BROERSMA D. B., BARRETT J. R., SILLINGS J. O., 1976.- Activ-
ity and black light induced flight of the black cutworm and
the European corn borer as related to temperature and rela-
tive humidity.- Environmental Entomology, 5: 1191-1194.

BUECHI R., BALDINGER J., BLASER S., BRUNETTI R., 1981.-
Versuche zur Bekdmpfung des Maisziinslers, Ostrinia nubi-
lalis Hbn., mit der Verwirrungstechnik.- Mitteilungen der
Schweizerischen entomologische Gesellschaft, 54: 87-98.

BURGIO G., MAINI S., 1995.- Phenylacetaldehyde trapping of
Ostrinia nubilalis (Hb.), Autographa gamma (L.), and
hoverflies: trap design efficacy.- Bollettino dell'lstituto di
Entomologia "Guido Grandi" della Universita degli Studi di
Bologna, 49: 1-14.

BURGSTALLER H., 1974.- Untersuchungen iiber den Einfluss
endogener und exogerer Faktoren auf die Anfdlligkeit von
Maisgenotypen gegeniiber dem Maisziinsler Ostrinia nubi-
lalis Hb. Ph.D. Thesis, Fachbereich Agrarbiologie, Universi-
tdt Hohenheim, Germany.



CAFFREY D. J., 1928.- Recent developments in entomological
research of the corn borer.- Journal of the American Society
for Agronomy, 20: 997-1010.

CAFFREY D. J., WORTHLEY L. H., 1927.- A progress report on
the investigations of the European corn borer.- USDA Bulle-
tin, 1476: 1-154.

CALVIN D. D., KNarp M. C., XINGQUAN K., POsSTON F. L.,
WELCH S. M., 1986.- Using a decision model to optimize
European corn borer (Lepidoptera: Pyralidae) egg-mass
sampling.- Environmental Entomology, 15: 1212-1219.

CANTELO W. W., JACOBSON M., 1979.- Corn silk volatiles at-
tract many species of moth.- Journal of Environmental Sci-
ences of Health, A14: 695-707.

CHIANG H. C., HoDSON A. C., 1959.- Distribution of the first
generation egg masses of the European corn borer in corn
fields.- Journal of Economic Entomology, 52: 295-299.

CHIANG H. C., HoDSON A. C., 1972.- Population fluctuations
of the European corn borer Ostrinia nubilalis at Waseca,
Minnesota.- Environmental Entomology, 1: 7-16.

CoLL M., BOTTRELL D. G., 1991.- Microhabitat and resource
selection of the European corn borer (Lepidoptera: Pyrali-
dae) and its natural enemies in Maryland field corn.- Envi-
ronmental Entomology, 20: 526-533.

CorbILLOT F., 1989.- Dispersal, flight and ovipositions strate-
gies of the European corn borer, Ostrinia nubilalis Hbn.
(Lepidoptera: Pyralidae). 115pp., Ph.D. Thesis, Basel, Swit-
zerland.

CUTRIGHT C. R., HUBER L. L., 1928.- Growth conditions of the
host as a factor in insect abundance.- Annals of the Entomo-
logical Society of America, 21: 147-153.

DEROZARI M. B., SHOWERS W. B., SHAW R. H., 1977.- Envi-
ronment and sexual activity of the European corn borer.-
Environmental Entomology, 6: 657-665.

DERRIDI S., FIALA V., 1983.- Sucres solubles des feuilles de
mais (Zea mays L.) et oviposition de la pyrale (Ostrinia nu-
bilalis Hbn.).- Comptes rendus de l'Académie de I'Agricul-
ture de France, 69: 465-472.

DERRIDJ S., FIALA V., JOLIVET E., 1986.- Increase of European
corn borer (Ostrinia nubilalis) oviposition induced by a
treatment of maize plants with maleic hydrazide: Role of
leaf carbohydrate content.- Entomologia Experimentalis et
Applicata, 41: 305-310.

DERRIDJ S., GREGOIRE V., BOUTIN J. P., FIALA V., 1989.- Plant
growth stages in the interspecific oviposition preference of
the European corn borer and relations with chemicals pre-
sent on the leaf surfaces.- Entomologia Experimentalis et
Applicata, 53 (3): 267-276.

DERRIDJ S., FIALA V., BARRY P., ROBERT P., ROESSINGH P.,
STAEDLER E., 1992.- Role of nutrients found in the phyl-
loplane, in the insect host-plant selection for oviposition, pp.
139-140. In: Proceedings of the 8" International Symposium
of Insect-Plant Relationships (MENKEN S. B. J., VISSER J. H.,
HARREWUN P., Eds).- Kluwer Academic Press, Dordrecht,
Netherlands.

DESPINS J. L., ROBERTS J. E., 1986.- Within-plant and within-
field distribution of first-generation European corn borer
(Lepidoptera: Pyralidae) egg masses on field corn in Vir-
ginia.- Environmental Entomology, 15: 106-108.

DitTrICK L. E., JONES R. L., CHIANG H. C., 1983.- An oviposi-
tion deterrent for the European corn borer, Ostrinia nubilalis
(Lepidoptera: Pyralidae) extracted from larval frass.- Jour-
nal of Insect Physiology, 29: 119-121.

EVERETT T. R., CHIANG H. C., HiBBs E. T., 1958.- Some fac-
tors influencing populations of European corn borer
[Pyrausta nubilalis (Hbn.)] in the North Central states.-
Minnesota University Experimental Station Technical Bulle-
tin, 229: 1-63.

EVERLY R. T., 1959.- Influence of height and stage of devel-
opment of dent corn on oviposition by European corn borer
moth.- Annals of the Entomological Society of America, 52:
272-279.

FIALA V., DERRIDJ S., JOLIVET E., 1985.- Influence de la teneur
en glucides solubles des feuilles de Zea mays L. sur le choix
de site de ponte de la pyrale, Ostrinia nubilalis Hbn. (Lepi-
doptera: Pyralidae).- Agronomie, 5 (10): 927-932.

FICHT G. A., 1932.- Some studies on the planting date of corn
in relation to oviposition, population and injury by the Euro-
pean corn borer.- Journal of Economic Entomology, 25:
878-884.

FRENOY C., FARINE J. P., HAWLITZKY N., DURIER C., 1991.-
Role of kairomones in the relations between Ostrinia nubila-
lis Hiibner (Lep., Pyralidae) and Trichogramma brassicae
Bezdenko (Hym., Trichogrammatidae).- Redia, 74: 143-151.

FRENOY C., DURIER C., HAWLITZKY N., 1992.- Effect of kai-
romones from egg and female adult stages of Ostrinia nubi-
lalis Hiibner (Lep., Pyralidae) on Trichogramma brassicae
Bezdenko (Hym., Trichogrammatidae) female kinesis.-
Journal of Chemical Ecology, 18: 761-773.

GARDNER S. M., LENTEREN J. C. VAN, 1986.- Characterisation
of the arrestment responses of Trichogramma evanescens.-
Oecologia, 68: 265-270.

GARNIER-GEOFFROY F., ROBERT P., HAWLITZKY N., FREROT
B., 1996.- Oviposition behaviour in Ostrinia nubilalis (Lep.:
Pyralidae) and consequences on host location and oviposi-
tion in Trichogramma brassicae (Hym.: Trichogrammati-
dae).- Entomophaga, 41 (2): 287-299.

GOHARI H., HAWLITZKY N., 1986.- Activité reproductrice de la
pyrale du mais, Ostrinia nubilalis Hbn. (Lep. Pyralidae) a
basses temperatures constantes.- Agronomie, 6 (10): 911-917.

HAWLITZKY N., DORVILLE F. M., VAILLANT J., 1994.- Statisti-
cal study of Trichogramma brassicae efficiency in relation
with characteristics of the European corn borer egg masses.-
Researches in Population Ecology, 36 (1): 79-85.

HoRBER E., 1961.- Wie verhilt sich der Maisziinsler (Pyrausta
nubilalis Hbn.) als einheimische Schadling zu den impor-
tierten Maishybryden?- Mitteilungen Schweizerische Land-
wirtschaft, 9: 161-173.

HUBER L. L., NEISWANDER C. R., SALTER R. M., 1928.- The
European corn borer and its environment.- Ohio Agricul-
tural Experimental Station Bulletin, 429: 1-196.

HupoN M., LERoux E. J., 1986a.- Biology and population
dynamics of the European corn borer (Ostrinia nubilalis)
with special reference to sweet corn in Quebec. II. Bionom-
ics.- Phytoprotection, 67: 81-92.

HupoN M., LERoux E. J., 1986b.- Biology and population dy-
namics of the European corn borer (Ostrinia nubilalis) with
special reference to sweet corn in Quebec. III. Population dy-
namics and spatial distribution.- Phytoprotection, 67: 93-115.

HubpoN M., LERoUX E. J., HARCOURT D. G., 1989.- Seventy
years of European corn borer (Ostrinia nubilalis) research in
North America.- Agricultural Zoology Reviews, 3: 53-96.

IsmAIL 1. 1., 1989.- Field observations on the oviposition be-
haviour of different corn borers and estimation of economic
thresholds.- Acta Phytophatologica et Entomologica Hunga-
rica, 24: 111-116.

JARVIS J. L., GUTHRIE W. D., 1987.- Ecological studies of the
European corn borer (Lepidoptera: Pyralidac) in Boone
county, lowa.- Environmental Entomology, 16: 50-58.

KAISER L., PHAM-DELEGUE M. H., BAKCHINE E., MASSON C.,
1989.- Olfactory responses of Trichogramma maidis Pint. et
Voeg.: effects of chemical cues and behavioural plasticity.-
Journal of Insect Behavior, 2: 701-712.

KirA M. T., GUTHRIE W. D., HUGGANS J. L., 1969.- Effect of
drinking water on production of eggs by the European corn
borer.- Journal of Economic Entomology, 62: 1366-1368.

KLINGER S., 1979.- Untersuchungen iiber rdumliche Vertei-
lung der Eigelege und Verhalten, sowie Aufenthaltsort der
Jungraupen des Maisziinslers Ostrinia nubilalis. 85pp., Dip-
lomarbeit, Universitit Hohenheim, Germany.

LEE D. A., 1988.- Moth density and oviposition patterns of the
European corn borer, Ostrinia nubilalis (Lepidoptera: Pyrali-
dae) in Alberta.- Environmental Entomology, 17: 220-224.

311



LEGG D. E., SCHENK T. C., CHIANG H. C., 1986.- European
corn borer (Lepidoptera: Pyralidae) oviposition preference
and survival on sunflower and corn.- Environmental Ento-
mology, 15 (3): 631-634.

LeEwis W. J., VET L. E. M., TUMLINSON J. H., LENTEREN J. C.
VAN, PAPAJ D. R., 2003.-Variations in natural-enemy forag-
ing behaviour: essential element of a sound biological-
control theory, pp. 41-58. In: Quality control and production
of biological control agents: theory and testing procedures
(LENTEREN J. C. VAN, Ed.).- CABI Publishing, Wallingford,
UK.

LOUGHNER G. E., BRINDLEY T. A., 1971.- Mating success of
European corn borer, Ostrinia nubilalis, as influenced by
environmental factors.- Annals of the Entomological Society
of America, 64: 1091-1094.

LupoLI R., MARION-POLL F., PHAM-DELEGUE M., 1990.- Effet
d’emissions volatiles de feuilles de mais sur les preferences
de ponte chez Ostrinia nubilalis (Lepidoptera: Pyralidae).-
Comptes Rendus de I'’Academie des Sciences, Serie 3 Sci-
ences de la Vie, 311 (6): 225-230.

MCGUIRE J. V., BRINDLEY T. A., ANDERSON T. E., 1957.- The
distribution of European corn borer larvae, Pyrausta nubila-
lis (Hbn.), in field corn.- Biometrics, 13: 65-78.

MILANI M., ZANDIGIACOMO P., BARBATTINI R., 1988.- Ostrinia
nubilalis (Hb.) (Lepidoptera Pyralidae) su mais in Friuli. V.
Prove di lotta biologica con Trichogramma maidis Pint. e
Voeg. (Hymenoptera Trichogrammatidae): attivita del pa-
rassitoide in campo.- Frustula Entomologica, 11: 57-68.

MOORE R. H., 1928.- Odorous constituents of the corn plant in
their relation to the European corn borer.- Proceedings of
the Oklahoma Academy of Sciences, 8: 16-18.

OHNESORGE B., REH P., 1987.- Untersuchungen zur Populati-
onsdynamik des Maisziinslers Ostrinia nubilalis Hon. (Lep.,
Pyralidae) in Baden-Wiirttemberg 1. Populationsstruktur,
Apparenz, Verteilung im Habitat.- Journal of Applied Ento-
mology, 103: 288-304.

OLOUMI-SADEGHI H., SHOWERS W. B., REED G. L., 1975.-
European corn borer: lack of synchrony of attraction to sex
pheromone and capture in light traps.- Journal of Economic
Entomology, 68: 663-667.

PaTcH L. H., 1942.- Height of corn as a factor in egg laying
by the European corn borer moths in the one-generation
area.- Journal of Agricultural Research, 64: 503-513.

Poos F. W., 1927.- Biology of the European corn borer
(Pyrausta nubilalis Hiibn.) and two closely related species
in Northern Ohio.- The Ohio Journal of Science, 27 (2): 47-
94.

REH P., OHNESORGE B., 1988.- Untersuchungen zur Populati-
onsdynamik des Maisziinslers Ostrinia nubilalis Hon. (Lep.,
Pyralidae) in Baden-Wiirttemberg II. Fertilitdt; Mortalitét
der larven.- Journal of Applied Entomology, 106: 321-338.

RENOU M., HAWLITZKY N., BERTHIER A., MALOSSE C.,
RAMIANDRASOA F., 1989.- Mise en évidence d'une activité
kairomonale des ocufs de la Pyrale du mais sur les femelles
de Trichogramma maidis.- Entomophaga, 34: 569-580.

RENOU M., NAGNAN P., BERTHIER A., DURIER C., 1992.- Iden-
tification of compounds from the eggs of Ostrinia nubilalis
and Mamestra brassicae having kairomone activity on
Trichogramma brassicae.- Entomologia Experimentalis et
Applicata, 63: 291-303.

SAPPINGTON T. W., SHOWERS W. B., 1983.- Effect of precipi-
tation and wind on populations of adult European corn borer
(Lepidoptera: Pyralidae).- Environmental Entomology, 12:
1193-1196.

SAVINELLI C. E., BACHELER J. S., BRADLER J. R., 1986.- Nature
and distribution of European corn borer (Lepidoptera:
pyralidae) larval feeding damage to cotton in North Caro-
lina.- Environmental Entomology, 15: 399-402.

ScHURR K., HOLDAWAY F. G., 1966.- Periodicity in oviposi-
tion of Ostrinia nubilalis Hbn.- Ohio Journal of Science, 66:
76-80.

312

SHELTON A. M., NYROP J. P., SEAMAN A., FOSTER R. E., 1986.-
Distribution of European corn borer (Lepidoptera: Pyrali-
dae) egg masses and larvae on sweet corn in New York.-
Environmental Entomology, 15: 501-506.

SKoPIK S. D., TAKEDA M., 1980.- Circadian control of oviposi-
tion activity in Ostrinia nubilalis.- American Journal of
Physiology, 239: 259-264.

SMITH S. M., 1996.- Biological control with Trichogramma:
advances, successes, and potential of their use.- Annual Re-
view of Entomology, 41: 375-406.

Smits P. H., 1982.- The influence of kairomones of Mamestra
brassicae L. on the searching behaviour of Trichogramma
evanescens Westwood.- Les Trichogrammes, Antibes, Les
Collogques de I'INRA, 9: 139-150.

SORENSON C. E., KENNEDY G. G., VANDUYN J. W., BRADLEY J.
R., 1993.- Distribution of second generation European corn
borer, Ostrinia nubilalis, egg masses in field corn and rela-
tionship to subsequent tunnelling damage.- Entomologia
Experimentalis et Applicata, 68: 15-23.

SUVERKROPP B. P., 1994.- Landing of Trichogramma brassi-
cae Bezdenko (Hymenoptera: Trichogrammatidae) on maize
plants.- Norwegian Journal of Agricultural Sciences, Suppl.
16: 243-254.

SUVERKROPP B. P., 1997.- Host-finding of Trichogramma
brassicae in maize. 249pp., PhD Thesis, Wageningen Uni-
versity, Netherlands.

THIERY D., LE QUERE J. L., 1991.- Identification of an oviposi-
tion-deterring pheromone in the eggs of the European corn
borer.- Naturwissenschaften, 78: 132-133.

THOMSON L., BENNETT D., GLENN D., HOFMANN A., 2003.-
Developing Trichogramma as a pest management tool, pp.
65-85. In: Predators and parasitoids (KOUL O., DHALIWAL G.
S., Eds).- Taylor & Francis, London, UK.

TURNER N., BEARD R. L., 1950.- Effect of stage of growth of
field corn inbreds on oviposition and survival of the European
corn borer.- Journal of Economic Entomology, 43: 17-22.

UDAYAGIRI S., MASON C. E., 1995.- Host plant constituents as
oviposition stimulants for a generalist herbivore: European
corn borer.- Entomologia Experimentalis et Applicata, 76:
59-65.

VAILLANT J., HAWLITZKY N., 1990.- Statistical analysis of oc-
cupancy rates for overdispersed populations by redistribu-
tion analysis: application to the European corn borer egg
masses distribution.- Researches on Population Ecology, 32:
289-301.

VET L. E. M., DICKE M., 1992.- Ecology of infochemical use
by natural enemies in a tritrophic context.- Annual Review of
Entomology, 37: 141-172.

VET L. E. M., LEWIs W. J., PAPAJ D. R., VAN LENTEREN J. C.,
2003.- A variable-response model for parasitoid foraging be-
haviour, pp. 25-39. In: Quality control and production of bio-
logical control agents: theory and testing procedures (VAN
LENTEREN J. C., Ed.).- CABI Publishing, Wallingford, UK.

VIERLING R., 1985.- Ermittlung des giinstigsten Freilassungs-
termins fiir zur Bekdmpfung des Maisziinslers auf der Filde-
rebe. 62pp., Msc. thesis, Universitdt Hohenheim, Germany.

WINDELS M. B., CHIANG H. C., 1975.- Distribution of second
brood European corn borer egg masses of field sweet corn.-
Journal of Economic Entomology, 68: 133.

Authors’ addresses: Joop C. VAN LENTEREN (correspond-
ing author, Joop.vanLenteren@wur.nl), Laboratory of Ento-
mology, Wageningen University, P.O. Box 8031, 6700 EH
Wageningen, The Netherlands; Bas P. SUVERKROPP, Anna
DuTTON', Franz BIGLER, Agroscoope Reckenholz-Taenikon
Research Station ART, Reckenholzstrasse 191, 8046 Zurich,
Switzerland.

! Present address: Syngenta Crop Protection, 4332 Stein,

Switzerland.

Received May 8, 2007. Accepted September 22, 2008.





