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Helicoverpa armigera (Hübner) (Lep., Noctuidae)
Z. Li1,2, D. Li1, B. Xie1, R. Ji1,2 and J. Cui3,
1State Key Laboratory of Integrated Management of Pest Insects and Rodents, Institute of Zoology, Chinese
Academy of Sciences, Beijing, China; 2Graduate School of the Chinese Academy of Sciences, Beijing, China;
3General Hospital of Chinese People’s Armed Police Forces, Beijing, China

Ms. received May 3, 2005; accepted September 26, 2005

Abstract: We studied the mating selection in the cotton bollworm, Helicoverpa armigera (Hübner), in relation to body

size and larval diet in the laboratory. When provided with an artificial diet at larval stage, weight, body and forewing
length did not affect the probability of a male/female moth being selected for mating, but the abdominal width of
selected female moths was significantly wider than that of non-selected female moths. 30 female moths were dissected
and number of eggs was counted after mating, and there was a correlation between the abdominal width and egg

number. There was also significant difference of weight loss between selected and non-selected male/female moths after
the mating. The effect of operational sex ratio on mating latency and copulation duration were tested, and the result
indicated that mating latency of male selection was significantly longer than that of female selection, but the difference

of copulation duration was not significant. Cotton, corn and peanut plants were provided to larvae to test the effect of
larval host plant experience on mate choice. When cotton- and peanut-fed moth severed as potential partners, both
female and male of cotton-fed moths significantly preferred cotton- to peanut-fed moths for mating. The possible

reasons for mate preference based on larval host plant experience may account for host plants attributes on sex
pheromone variation and sexual maturity. These findings may impact Bacillus thuringiensis resistance management.
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1 Introduction

Mate choice, an important component of sexual
selection (Van Dongen et al., 1997), was defined by
Halliday (1983) as any pattern of behaviour shown by
members of one sex, which leads to them being more
likely to mate with certain members of the opposite sex
than with others. Non-random mating is of funda-
mental evolutionary importance because different
matings may have different fitness consequences,
causing evolutionary changes in morphological and
behavioural characters (Svensson, 1996). It also pos-
sesses practical applications to integrated pest resist-
ance management, especially for the high-dose/mixture
strategy in resistant pest management, which assumes
random mating between the resistant and susceptible
individuals (Klepetka and Gould, 1996). Important
factors of mating selection for moths mainly involve
body size, age, virginity, larval and/or adult diet, and
others (Svensson, 1996), and at least three major forms
of general mate assessment strategies (best of N rule,
threshold-comparison rule, best of all rule) that have
been proposed for mate selection (Svensson, 1996;
Jiménez-Pérez and Wang, 2004). Recent studies also
revealed the paternal inheritance of female mating
preference in the arctiid moth Utetheisa ornatrix,

which may be common in the Lepidoptera (Iyengar
et al., 2002). Operational sex ration (OSR; Emlen and
Oring, 1977) and choosiness appear to be related
because the underrepresented sex may afford to be
selective without loosing the mating opportunities
(Van Dongen et al., 1997). Combined with intrasexual
competition, mating latency (time from a first encoun-
ter between a male and a female until copulation) may
vary with different OSR. If it is related with mate
guarding, OSR could also affect copulation duration.

Helicoverpa armigera (Hübner) (Lep., Noctuidae) is
a widespread polyphagous pest of many agricultural
and horticultural crops (Zalucki et al., 1986; Fitt,
1989) that can complete 3–4 generations each year in
north China. The first generation is on wheat, and the
major host plants for the second to fourth generations
mainly include cotton, corn, peanut, soya bean, and
other plants, and comprise �14 million hectare in the
proportion of 5, 55, 15, 15 and 10, respectively (Wu

et al., 2002), the pattern of which is a continuous
random mosaic. Different host plants are known to
affect the insect development, survivorship, reproduc-
tion and life table parameters (Tsai and Wang, 2001;
Kim and Lee, 2002). For H. armigera, body weight and
development were significantly affected by host plants
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(Liu et al., 2004). If morphologic characters or/and
development based on larval diet possess affects on
mating preference, then host plants can result in
assortative mating indirectly.

Moreover, random mating between susceptible and
resistant individuals is the key factor in the application
of refuges in the agrosystem with transgenic Bacillus
thuringiensis (Bt) crops (McGaughey andWhalon, 1992;
Klepetka and Gould, 1996; Environmental Protection

Agency, 1998; Gould, 1998). In northern China, corn
or peanut usually served as refuge crops. If there are
assortative matings between the different host races,
the refuge function of these corps will be invalidated.
This study was conducted to determine if there are any
effects of body size and larval diet on mating selection
for both sexes of H. armigera.

2 Materials and Methods

2.1 Insect rearing and experimental conditions

A laboratory population of H. armigera was established by
collecting full-grown larvae from a cotton field in Raoyang
County, Hebei province. Larvae were continuously fed a
wheat-germ artificial diet (Wu and Gong, 1997) for eight
generations before testing at 27�C with a reverse photoperiod
of 14 : 10 (L:D)hours (lights off at 0900 hours) and ambient
conditions of relative humidity of 60 ± 3%. Thirty female
and thirty male pupae were randomly collected and placed in
separate 15 cm petri dishes. Emerged adults moths were
provided a 10% sucrose solution and allowed to mate for
2 days in cages (50 cm length · 50 cm width · 50 cm high).
Mated moths were transferred to egg laying containers
(25 cm length · 25 cm width · 25 cm high) with nylon gauze
for oviposition. Eggs were collected continuously for 3 days
in separate glass jars (12 cm dia. · 7.0 cm high) without
regard to the mating pair. Newly hatched larvae were reared
in groups until the second instar, after which they were
separated in individual glass tubes (2.0 cm diam. · 8.0 cm
high) to prevent cannibalism. To test the effect of adult size
on mate choice, no fewer than 800 larvae were provided with
the artificial diet. To test the effect of host plant species on
mate choice, the following three crop plants commonly found
in north China were used as food at larval stage: cotton
(Gossypium hirsutum L.), corn (Zea mays L.), and peanut
(Arachis hypogaea L.). All plant materials used in this
experiment were collected from the plants growing under
field conditions without pesticides. Plants were fertilized with
a controlled release fertilizer and watered as required. No
fewer than 400 larvae per host plant species were provided
with tender leaves changed every day until the third instar,
after which larvae were given fruits of host plants except
those reared on peanut, which continued to feed on leaves
until pupation.

Mature caterpillars were allowed to pupate in a moist soil
substratum with a water content of about 7% (soil was heated
at temperature 120�C for 2 h and sifted through sieve with 36
apertures per cm2). Pupae were separated by sex and kept
individually until adult emergence to ensure virginity. Every
day, 4 h into scotophase, moths in the emergence cages were
moved to empty cages according to sex and emergence date,
and fed a 10% sucrose solution. The emergence date of moths
was recorded and moths on the scotophase of emergence were
designated as 0 day. Most females start calling on the second
or third day following the emergence (Kou and Chow, 1987;

Hou and Sheng, 2000), sowe took 3-day-old virginmoths as the
object of study for all experiments.

2.2 Influence of body size on mate selection

We tested the hypothesis that females and male choose
partners based on their body size and mass. All adults were
weighed using a Mettler electronic scale (0.1 mg accuracy,
Type AE 200, Mettler, Switzerland) before tests and
randomly placed in cages (50 cm length · 50 cm
width · 50 cm high) for a male/female moth and two
female/male moths. The time that moths were placed in cage
and the time of initiation and completion of mating were
recorded. After the experiments, moths were anaesthetized,
and the body weight and morphological characters were
measured. In male and female choice experiments, the length
of the body and wing (from base to distal tip) for selected and
non-selected moths was measured using a vernier caliper. In
male choice experiments, the abdominal width of selected
and non-selected females was measured under a dissecting
microscope (Olympus, Tokyo, Japan) with an ocular micro-
meter; a total of 68 males and 133 females were used as
selectors. Another 30 pairs of 3-day-old virgin moths were
used to test the correlation between abdominal width and
number of eggs. After mating, the female was dissected and
eggs were counted.

2.3 Influence of host plant at larval stage on mate

selection

The objective of this experiment was to determine whether
males and females discriminated partners based on their
larval diet. There were two combinations of mating selection
based on larval diet for male and female moths: mating
choice between individual fed on cotton and individual fed
on corn, mating choice between individual fed on cotton and
individual fed on peanut. We performed more than 50
replicates for both female and male selectors. For replicate of
each combination, we released a virgin moth from one host
(selector) and two virgin potential partners (one for each
host) to the arena and observed the selection behaviour for
mates. The combination is as follows:

Selectors

Partner

Peanut Cotton

Peanut
# $ $

$ # #

Cotton
# $ $

$ # #

Corn Cotton

Corn
# $ $

$ # #

Cotton
# $ $

$ # #

2.4 Statistical analysis

Statistical analyses were performed using SAS Stat (SAS
Institute Inc, 1988) and P < 0.05 was set as the rejection
level. To test whether insects selected their partners based

Mate preference in Helicoverpa armigera 575

� 2005 The Authors
Journal compilation � 2005 Blackwell Verlag, Berlin, J. Appl. Entomol. 129 (9/10), 574–579



on body mass and several morphologic parameters, we
compared the mean value of characters of selected and
non-selected by a paired t-test. Pearson’s correlation test
was performed to estimate the correlation of female
abdominal width and egg number. Mating latency and
copulation duration for male and female selector were
tested by Wilcoxon–Mann–Whitney test. Student’s t-tests
were conducted to compare weight loss of selected and
non-selected moths. To test whether insects selected their
partners based on larval host plant experience, we used a
binomial test.

3 Results

3.1 Influence of body size on mate selection

Length of body and forewing, body weight of H.
armigera did not affect the probability of being chosen
for mating of both male and female. The abdomen of
selected females was wider than that of non-selected
females, and correlation test also showed that there
was a positive correlation between abdominal width of
female moth and egg number (table 1, fig. 1).

The weight loss of selected female was significantly
less than that of non-selected female moths, and the
weight loss of selected male was significantly more than
that of non-selected male moths (table 1, fig. 2).

Mating latency and copulation duration distribution
for male and female selector show that mating latency
of male selection was significantly longer than those of
female, but the difference of copulation duration
between male and female selection is not significant
(table 2, fig. 3).

3.2 Influence of larval host on mate selection

For selection experiments between larvae fed on
cotton and peanut, cotton-fed H. armigera of both
sexes chose cotton-fed partners significantly more than
peanut-fed individuals ones for mating when given a
choice; however, peanut-fed males and females did not
discriminate between the cotton- and peanut-fed
partners. For experiments between cotton- and corn-
fed larvae, there were no significant differences
(table 3).

4 Discussion

Although some moth species prefer mating partners
with larger body size (Van Dongen et al., 1997; Iyengar
et al., 2002), this study demonstrated that H. armigera
males and females neither preferred larger body size
nor weight partners for mating. The result that body
size having no effect on mating choice was similar to
that of Heliothis virescens (Klepetka and Gould, 1996).
The abdominal width of selected female moths was
significantly wider than that of non-selected moths,
and there was a correlation between abdominal width

Table 1. Effect of body morphologic parameters and body mass on mate preference in Helicoverpa armigera moths

Characters
Selected

(Mean ± SE)
Non-selected
(Mean ± SE) Statistical results

Female characters
in male selection

Length of body 15.45 ± 0.10 (mm) 15.40 ± 0.13 (mm) t ¼ 0.365 P ¼ 0.716 Paired t-test,
d.f. ¼ 67Length of forewing 15.64 ± 0.08 (mm) 15.58 ± 0.11 (mm) t ¼ 0.504 P ¼ 0.616

Body weight before mating 154.40 ± 2.53 (mg) 155.83 ± 3.23 (mg) t ¼ )0.308 P ¼ 0.759
Body weight after mating 150.05 ± 2.07 (mg) 145.09 ± 2.81 (mg) t ¼ 1.254 P ¼ 0.214
Abdominal width after mating 4.95 ± 0.04 (mm) 4.84 ± 0.05 (mm) t ¼ 2.019 P ¼ 0.048
Weight loss 4.35 ± 1.31 (mg) 10.74 ± 1.19 (mg) F ¼ 49.990 P < 0.001 Student’s t-test,

d.f. ¼ 135
Male characters
in female
selection

Length of body 16.34 ± 0.06 (mm) 16.46 ± 0.07 (mm) t ¼ )1.415 P ¼ 0.159 Paired t-test,
d.f. ¼ 132Length of forewing 15.96 ± 0.06 (mm) 16.02 ± 0.07 (mm) t ¼ )0.706 P ¼ 0.482

Body weight before mating 120.64 ± 1.41 (mg) 124.90 ± 1.37 (mg) t ¼ 0.405 P ¼ 0.686
Body weight after mating 109.52 ± 1.37 (mg) 119.98 ± 1.36 (mg) t ¼ )6.288 P < 0.001
Weight loss 11.13 ± 0.33 (mg) 4.93 ± 0.13 (mg) F ¼ 306.974 P < 0.001 Student’s t-test,

d.f. ¼ 265

y = 56.762x + 44.539
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Fig. 1. Relationship between abdominal width and egg
number (r ¼ 0.458, n ¼ 30, P ¼ 0.011) in mated
female Helicoverpa armigera
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Fig. 2. Mean weight loss of mated and non-mated moths
of Helicoverpa armigera in male and female selection
experiment. Different letters indicate statistical signifi-
cance at P < 0.001 (Student’s t-test)
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and egg number. The result suggested the male moths
would have an evolutionary benefit when they selected
female moth with wider abdomen. The significant
difference of weight loss between selected and
non-selected male/female moths suggested that energy
consumed by metabolism and moving resulted in
weight loss and the transfer of spermatophore (mainly
water) could improve the female body weight. The
mating latency of male selection was significantly
longer than that of female selection, which reflected
that OSR positively affects the mating behaviour in H.
armigera. There was no significant difference of copu-
lation duration for both female and male selection,
revealing that OSR processes no effect on copulation
duration.

Helicoverpa armigera males seemed to be choosier
than females when selecting partners for mating,
contradicting Darwin’s theoretical predictions that
females should be more selective than males (Svensson,

1996). Male choosiness has also been reported for
some Lepidoptera species (Jiménez-Pérez and Wang,
2004). The possible explanations of the evolution of
choosier males in H. armigera may be a reflection of
variation in characters. Females vary more in quality
than do males, with the reproductive fitness of females
highly depending on their age and virginity (Li et al.,
1998; Hou and Sheng, 1999), but that of males varies
less in morphological trait.

When served as selector, both female and male of
cotton-fed moths preferred cotton- to peanut-fed for
mate, but this preference did not occur for peanut
moths. Several factors, alone or in combination, may
be responsible for the results: (1) It is related with sex
pheromone variation, and the non-selection of peanut
adult may contribute to a wider broadness of the male
selectivity spectrum. Sex pheromone variation mainly
has three types: component structure, component ratio
and component titer, and host deviation was consid-
ered to be one of the major reasons resulting in
the pheromone variation (McNeil and Delisle, 1989;
Landolt and Phillips, 1997; Huang et al., 1998;
Pelozuelo et al., 2004). At the experimental condition,
sex pheromone variation likely came from the differ-
ence of host plant. Host plant difference at larval stage
possesses potential effect on adult mate, for example
the differentiation of pheromone production, which
could act on mating success, and there are many
reports suggesting that mating success can be diet-
related (Hendry et al., 1975; Hendry, 1976; Guerin

et al., 1984; Löfstedt et al., 1989; Emelianov et al.,
2001; Shelly et al., 2002). Variability in response of
H. armigera males from different locations in India to

Table 2. Mating latency and copulation duration of Helicoverpa armigera moths in male and female selection

Male selection Female selection

Mating latency between
male and female selection

185.50 ± 15.58 (min) 110.94 ± 11.78 (min); Z ¼ )4.665; P < 0.001;
Wilcoxon–Mann–Whitney test, nmale ¼ 68, nfemale ¼ 133

Copulation duration between
male and female selection

70.84 ± 2.37 (min) 71.08 ± 2.54 (min); Z ¼ )0.631; P ¼ 0.528;
Wilcoxon–Mann–Whitney test, nmale ¼ 68, nfemale ¼ 133
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Fig. 3. (a) Mating latency distribution for mate selec-
tion of female and male Helicoverpa armigera
(P < 0.0001, nmale ¼ 68, nfemale ¼ 133, Mann–Whit-
ney test); (b) copulation duration distribution for mate
selection of female and male H. armigera (P ¼ 0.528,
nmale ¼ 68, nfemale ¼ 133, Mann–Whitney test)

Table 3. Effect of larval host plant experience on mat-
ing selection in Helicoverpa armigera moths and 1–3 for
peanut, corn and cotton as host plant at larval stage,
respectively (Binomial test)

Selectors

Partner

n Peanut Cotton P

Peanut1

Male 66 28 38 0.268
Female 60 27 33 0.519

Cotton3

Male 69 23 46 0.026
Female 64 17 47 <0.001

n Corn Cotton P
Corn2

Male 55 31 24 0.418
Female 61 28 33 0.525

Cotton3

Male 58 25 33 0.298
Female 64 29 33 0.703
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varying blends of female sex pheromone also suggests
male sex pheromone response polymorphism (Tamhan-
kar et al., 2003). (2) It is the effect of host on larval
development, which consists of time different of
pheromone release based on adult development, dif-
ference of patterns of female calling behaviour, effect
of energy storage on mating behaviour, and so on. Liu
et al. (2004) revealed that six plant species differ
greatly in suitability as hosts for H. armigera when
measure in terms of development, body weight,
survivorship and reproduction, which could also affect
mate behaviour. (3) The abdominal width of cotton-
fed moths is wider than that of peanut-fed moth
(unpublished data). But it can not explain that there
was no preference of peanut-fed moth. It may be
deduced that preference of a moth also depends on its
own state, which needs further study.

The meaning for studying mate selection of
H. armigera lays in the fact that non-random mating
could, to certain extend, invalidate application of
refuges for the use of transgenic Bt crops. The main
crop served as refuge in north China is corn, which
could be a vast refuge for third and fourth generation
H. armigera but not for second generationH. armigera,
so at that time the refuge function depends much on
peanut, soya bean and other plants (Wu et al., 2002).
Malausa et al. (2005) found that European corn borer
Ostrinia nubilalis, a target pest of Bt-toxins, showed
assortative mating in sympatric host races. There are
also reports about genetic differentiation of H. armi-
gera larva and adults occurred between host groups in
China (Tan et al., 2001; Wang et al., 2003). This result
can provide a new way to explain the genetic differ-
entiation between peanut and cotton host groups. It
also indicates that corn, as an effective and ideal crop
as refuge, is more efficient than peanut. Peanut along
served as refuge crop may accelerate the evolution of
resistant population, but in north China, the obvious
overlap between the flight times of second- and early
third-generation moths emerging from other host
plants (Wu et al., 2002) likely contributes to decrease
the opportunity for assortative mating for moths Bt
cotton and peanut. To improve the efficiency of refuge
strategy, further research on mating selection accord-
ing to field environment is also needed.
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