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Abstract – The Japanese honeybee, Apis cerana japonica , is regarded as an important pollinator of crops and wild
flowers. On the other hand, its gnawing behaviour on lettuce Lactuca spp. results in serious damage to the crop
yield. Little is known about the gnawing behaviour of A. c. japonica . In the present study, field experiments were
conducted to clarify the seasonality of this behaviour and the preference ofA. c. japonica toward lettuce. The rates of
lettuce damage by gnawing differed among furrows, and the maximum rate was 17 %, while A. c. japonica showed
no preference according to lettuce type. The rate of gnawing behaviour on lettuce 31 days from seeding was
significantly higher than that on lettuce at 20 days. Lettuce gnawing of A. c. japonica was not confirmed in spring
but was seen in autumn, while there was no visitation to the lettuce by the European honeybee,Apis mellifera . These
results suggested that A. c. japonica might require substances produced by lettuce in autumn for overwintering.
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1. INTRODUCTION

Bees are effective pollinators and visit plants to
collect pollen and nectar for their own offspring
and/or colony members (Proctor et al. 1996;
Michener 2000). Humans have used both wild
and/or domestic bee species as pollinators to in-
crease crop and fruit yields (Pitts-Singer and James
2008). The economic value of insect pollination is
estimated at €153 billion, and bees make a large
contribution to this figure (Gallai et al. 2009).

Honeybees are useful to humans due to their
crop pollination and their products, such as honey
and wax (Sasaki 1999; Delaplane and Mayer
2000). There are nine honeybee species in the
Apis genus, most of which are present in Asia
(Radloff et al. 2011). Japan is a habitat of two

honeybee species—the European honeybee, Apis
mellifera Linnaeus 1758, and the Japanese honey-
bee, Apis cerana japonica Radoszkowski 1877.
A. mellifera is a widely used agricultural pollina-
tor, the most actively managed bee species in the
world (Delaplane and Mayer 2000), and was
imported into Japan for beekeeping. The Japanese
honeybee is a subspecies of Apis cerana and is
distributed in Japan (Sasaki 1999; Hepburn and
Radloff 2011; Koetz 2013). Although some aspects
of the behaviour and life history of A. cerana are
similar to those of A. mellifera (Koetz 2013), this
species include Japanese honeybee exhibits unique
abilities, such as formation of a hot bee ball to
defend against hornets (Ono et al. 1995), and high
resistance to mites and bacteria (Peng et al. 1987;
Sasaki 1999; Yoshiyama and Kimura 2009).

In addition, to collect food resources from
flowers, A. mellifera visits various plants to col-
lect materials of propolis, which is used for both
reinforcement of the nest and as a barrier to bac-
teria and viruses (Seeley 1985), by gnawing the
shoots of plants or leaves. A. mellifera collects
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materials of propolis from the bark and buds of
various plants (e.g. Silici et al. 2007), while A. c.
japonica workers use wax instead of propolis
(Sasaki 1999). Thus, gnawing behaviour has not
been reported, with the exception of the response
to the pheromone of the Japanese giant hornet
Vespa mandarinia japonica Radoszkowski,
1857, after their attack (Ono et al. 1995).

Yokoi (2005) reported that many workers visit
fields planted with both green-head lettuce,
Lactuca sativa , and red-leaf lettuce, L. sativa
var. crispa , and began gnawing on leaves and at
the centre of the lettuce. Lettuce is one of the most
common leaf vegetable crops worldwide (FAO
2014) and does not require pollinators. This un-
expected visitation and gnawing by A. c. japonica
affects the quality of the product and productivity
of farmers. However, little is known about the
gnawing behaviour of the Japanese honeybee.
To clarify the current status of lettuce damage,
this study investigated the seasonality of the be-
haviour and preference for lettuce according to
degree of maturation.

2. MATERIALS AND METHODS

2.1. The current status of lettuce gnawing
behaviour in the field

The data regarding A. c. japonica visiting the
lettuce field were collected in Japan. There are
two planting seasons for lettuce: spring season is
from early April to lateMay, and autumn season is
from September to October. Therefore, data were
collected from both seasons. The data were ob-
tained in two ways: direct confirmation or from
common informers. Five points were confirmed
for each datum: date, place, type of lettuce (green
head or red leaf), visiting bee species (Japanese or
European), and gnawing behaviour (gnawed or
not).

2.2. Rate of lettuce damage by gnawing
by Japanese honeybees

The present study was conducted in the farm of
the Field Science Center of Okayama University,
Okayama, Japan (34° 41′ 8.28″N, 133°54′ 48.30″
E) (Figure 1a). Observations took place on 26

October 2010 at 10:00–14:00 on a day with sun-
shine and cloud. The field contained two types of
lettuce in six burrows: green head lettuce,
L. sativa , and red leaf lettuce, L. sativa var.
crispa . The degree of maturation of lettuce was
classified into three stages according to the num-
ber of days since seeding: 20, 31, and 41 days.
The rate of lettuce damage was investigated on 26
October 2010. As part of the leaf and the centre of
the lettuce became black after gnawing by
workers (Yokoi 2005), the numbers of damaged
lettuce in which a colour change was found on
leaves and/or the centre of the lettuce were record-
ed. Farmers planted four vegetables at the side of
the lettuce field: Qing-geng-cai Brassica rapa
var. chinensis , Komatsuna B. rapa var.
perviridis , Spinach Spinacia oleracea L., and
Mizuna B. rapa var. nipposinica . They used a
small volume of insecticide (Affirm; Syngenta) to
prevent aphid and cutworm damage. The location
of lettuce planting was changed each year to avoid
replant failure.

2.3. Statistical analysis

The JMP statistical software ver. 11 (SAS
Institute Inc., Cary, NC) was used for statistical
analyses. Fisher’s exact probability test was used
to compare the differences in percentage of dam-
aged lettuce among growth periods. Logistic re-
gression analysis was conducted to determinate
whether the occurrence of gnawing behaviour
differed according to type of lettuce (green head
or red leaf), season (spring or autumn), and site as
fixed effects. The occurrence of gnawing behav-
iour was classified into two patterns: yes or no.
When both spring and autumn season data could
not be confirmed in the site, the data were re-
moved from the statistical analysis.

3. RESULTS

3.1. Current status of lettuce gnawing
behaviour in the field

Fifteen data regarding gnawing behaviour were
obtained from eight sites in Japan (Table I). The
visitation of lettuce by A. c. japonica was con-
firmed in eight sites of three districts in Japan.
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There was no visitation of the lettuce by European
honeybees at any of the sites. Both season data
were obtained from three site; Shimamoto-cho in
Osaka Prefecture, Okayama city in Okayama
Prefecture, and Motegi-cho in Tochigi Prefecture.

The occurrence of gnawing behaviour was signif-
icantly related to season (logistic regression analy-
sis, P<0.001), while there was no difference be-
tween the types of lettuce (Table II). Although
most farmers cultivated lettuce in both seasons,

Figure 1. Lettuce field planted with green-head and red-leaf lettuce (a ), and gnawing behaviour of A. c. japonica on
the lettuce (b ).

Table I. Distribution and seasonality of gnawing behaviour records for A. c. japonica in Japan.

District Observation site Year Season Type of lettuce Visitation to
the lettuce

Gnawing behavior
of honeybee

Kansai Nagaokakyo City,
Kyoto Pref.

2005 Autumn Red-leaf and
green head

Yes Yes

Moriguchi City,
Osaka Pref.

2008 Autumn Green head Yes Yes

Kihoku-cho, Mie
Pref.

2010 Autumn Green head Yes Yes

Shimamoto-cho,
Osaka, Pref.

2011 Autumn Red-leaf and
green head

Yes Yes

2012 Spring Red-leaf and
green head

No No

2012 Autumn Red-leaf and
green head

No No

Kozagawa-cho,
Wakayama Pref.

2013 Autumn Red-leaf Yes Probably yes

Chugoku Okayama City,
Okayama Pref.

2009 Autumn Red-leaf and
green head

Yes Yes

2010 Autumn Red-leaf and
green head

Yes Yes

2011 Spring Red-leaf and
green head

No No

2011 Autumn Red-leaf and
green head

Yes Yes

2012 Spring Red-leaf and
green head

No No

Kanto Hitachiomiya City,
Ibaraki Pref.

2009 Autumn Green head Yes Yes

Motegi-cho, Tochigi
Pref.

2013 Autumn Green head Yes Yes

2014 Spring Green head No No

Visitation and gnawing behaviour of Japanese honeybee to lettuce 491



visitation of lettuce by Japanese A. c. japonica was
confirmed only in autumn.

3.2. Rate of lettuce damage by gnawing
of Japanese honeybees

The visitation of lettuce by A. c. japonica was
confirmed from the middle of September 2010
(Figure 1b). Three and/or two individuals visited
each lettuce on all days and did not visit other
vegetables near the lettuce. They crawled into the
lettuce and gnawed the edges of the leaves and
centre of the lettuce. There were 1619 lettuces in
the farm, which consisted of 814 green-head and
805 red-leaf type. The percentage of damaged
lettuce 31 days after seeding (4.1 %, n=293) was
significantly higher than that of lettuce 20 days
after (0 %, n=272) in green head (Fisher’s exact
probability test, P<0.0005). In red leaf, the per-
centage of damaged lettuce 31 days after seeding

(9.1 %, n=444) was significantly higher than that
of lettuce 20 days after (0 %, n=361) (Fisher’s
exact probability test, P<0.0001). In the green-
head type, the percentage of damaged lettuce was
not different at 31 and 41 days after seeding.
However, the percentage of damaged lettuce by
gnawing honeybees reached 17.4 % and showed
differences among the furrows (Figure 2).

4. DISCUSSION

Honeybees are essential pollinators for crop
production (Delaplane and Mayer 2000; Gallai
et al. 2009), while they present a danger to human
life and health due to their sting, aggressiveness,
and unexpected nest building in homes (Matsuura
2005). The Asian honeybee, A. cerana , is
regarded as an excellent crop pollinator for a large
variety of fruit and vegetable crops (Partap 2011).
The floral resources and life history of the
Japanese honeybee have been investigated (e.g.
Nagamitsu and Inoue 1999; Sasaki 1999).
Honeybees have not been classified as a “pest
insect” in agricultural systems, although they are
sometimes the victim of pesticides used for other
insects. This is the first report of the assessment of
gnawing behaviour of honeybees toward lettuce.
Visitation by Japanese honeybees results in seri-
ous damage to crop production with a maximum

Table II. Logistic regression analysis of gnawing
behaviour.

Source d.f . χ 2 P

Season 1 13.863 0.0002

Site 2 4.866 0.088

Type of lettuce 1 0 1
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Figure 2. The percentage of lettuce gnawed byA. c. japonica with number of days elapsed from seeding.White and
grey bars represent green-head and red-leaf lettuce, respectively.
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rate of 17.4 %. Moreover, A. c. japonica workers
preferred lettuce at 31 or 41 days after seeding,
which is the optimum stage for harvesting.
Therefore, honeybees appear to have the ability
to select mature lettuce as well as searching for
nectar-rich flowers. This study demonstrated that
the Japanese honeybee visits lettuce only in the
autumn. While A. c. japonica is known to prepare
floral resources for overwintering, little is known
about other collected substances and collecting
behaviour in autumn (Sasaki 1999). As many
workers visit lettuce on all days, substances pro-
duced by lettuce during the autumn may be need-
ed for overwintering of A. c. japonica .

The European honeybee, A. mellifera , gnaws
on plants and collects substances for propolis on
their hind legs (Silici et al. 2007). In the present
study, workers of A. c. japonica were seen to
gnaw the centre and leaves of lettuce, suggesting
that they gain nutrition in this way. They showed
no preference for a type of lettuce, because they
visited and gnawed both the green-head and red-
leaf type. These observations raise questions re-
garding the types of nutrition that they require.
Lettuce contains sesquiterpene lactones, i.e.
lactucopicrin, which are related to the bitter taste
(Price et al. 1990), while no unique nutritional
substances have been found, and it has low vita-
min C and β-carotene contents (Horie 2010). The
amount of lactucopicrin is higher in the centre
than in other parts of lettuce (Arakawa et al.
2009), suggesting that the Japanese honeybee
may ingest this substance. In addition, the leaves
of other Asteraceae plants are also targets of
gnawing by honeybees (Yokoi 2005). Thus,
chemical analyses of the contents of Asteraceae
plants, including lettuce, are required to clarify the
behavioural significance of the lettuce-gnawing
behaviour.

There are several behavioural differences be-
tween A. c. japonica and A. mellifera (Sasaki
1999), and lettuce gnawing by A. c. japonica
was confirmed in many areas of Japan, while
A. mellifera did not visit lettuce in either season.
These results suggest that substances present in
lettuce are needed by only A. c. japonica .
Although the role of the substance(s) present in
lettuce and other Asteraceae plants is unknown,
this honeybee species may require this substance(s)

before overwintering. Further fundamental studies
are required to resolve the damage to lettuce pro-
duction by A. c. japonica .
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