
Introduction

　
    The white spotted longicorn beetle (WLB), Anoplophora 

malasiaca, is distributed in Japan and the Korean peninsula. The adult 

is usually observed from May to October. This species is well known 
Citrus, Pyrus, etc.) and ornamental 

trees (Platanus, Acer, etc.) in Japan, and more than 50 tree species 

were recorded as hosts (Kojima and Nakamura, 2011). In addition to 
A. malasiaca, another four Anoplophora species have been recorded 

in Japan, namely A. oshimana, A. ryukyuensis, A. macularia, and A. 

ogasawaraensis. In mainland China, a related species, A. chinensis, 

is distributed extensively, and the border of distribution between A. 

malasiaca and A. chinensis is thought to be the northern part of the 

Korean peninsula (Makihara, 2007).

Anoplophora, concluding that A. malasiaca and A. chinensis would 

be reclassified as single species (A. chinensis) as the two share 

common morphology (Lingaefelter and Hoebeke, 2002). On the 

other hand, Japanese researchers maintain their positions that they 

are two separate species because they have different morphological 

characters and can be differentiated by the sequence of the CO1 

region of mitochondrial DNA (Makihara, 2007; Ohbayashi et al., 

2009). Regarding genetic variation, Muraji et al. (2011) examined 

mitochondrial DNA of Japanese Anoplophora spp., except for A. 

ogasawaraensis, and found variations implying local populations 

or species, which may contribute to clarifying their interspecific 

relationships and movement in Japan.

    In previous studies, various aspects of the life history of the WLB 

have been investigated, including seasonal prevalence, fecundity, 

longevity, and dispersal ability (Adachi, 1988, 1990; Kawamura 

1980; Komazaki and Sakagami, 1989). Research is currently in 

progress on contact pheromone released by females in relation 

to partner recognition by males (Fukaya, 2002) and on attractant 

chemicals in host plants in relation to the orientation to host trees and 

behavior to search for partners (Yasui and Wakamura, 2009).

　 In order to control the WLB effectively, it would be useful 

to know specific periods of adult emergence and oviposition in 

the production area of host plants in each climatic region. To this 

end, WLB adults were collected in citrus orchards and town trees 

(Platanus, Salix, etc.) in Kanagawa Prefecture, and also fecundity 

and longevity were examined by rearing (Iwaizumi et al. 2014). This 

the observations.
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Materials and methods

1.  Laboratory test

　 One pair of female and male WLBs was prepared for the 

laboratory test. They were reared from eggs on pear branches for two 

years, and then the adults emerged on May 29 (female) and June 1 

(male) in 2012. Their body lengths were 28 mm (female) and 24 mm 

(male), respectively. They were reared in a net cage (W 0.3 m, H 0.3 

m, D 0.45 m) and were supplied with 2–3 pieces of citrus branches 

(diameter ca. 5 mm) as a food source. For observation of oviposition 

by the female, one piece of citrus branch (diameter ca. 20 mm, length 

ca 100 mm) was supplied every day. The branch was prepared by 

putting it on wet vermiculite, ca. 4 cm layer in a plastic container (ca. 

100 mm × 100 mm). The branch for oviposition was removed from 

the cage every morning and a new branch was inserted after counting 

the number of eggs laid.

　 Their diurnal behavior was also observed and recorded 1–2 times 

per hour during nine hours a day (9:00–18:00). Their behavior was 

classified as stop, eat, walk, flight, mate, oviposition (female), and 

mate gourd (male). Throughout the laboratory test, the cage was kept 

at room temperature of 24–27 °C under natural photoperiod (June–

August in Yokohama City).

2. Outdoor test

　 Three individuals each of female and male WLBs were used 

for the outdoor test. They were collected from Platanus trees in 

Yokohama City, Kanagawa Prefecture, in June–July 2012. Their body 

lengths were 32 mm (female 1), 30 mm (female 2), 25 mm (female 

3), 29 mm (male 1), 29 mm (male 2), and 26 mm (male 3). One or 

two pairs of female and male beetles were released in an outdoor net 

cage (W 1 m, H 2 m, D 1 m). Two to three nursery plants of Citrus 

or Acer (H: 0.5–1.8 m) were supplied in the cage for food and as an 

oviposition source. The nurseries were renewed every 7–10 days, 

when the number of eggs laid was counted.

　 Diurnal behavior was also observed and recorded 1–2 times per 

hour as in the case of the laboratory test in the daytime (9:00–18:00). 

In addition, observation was done at night (19:00–22:00) and early 

morning (5:00–6:00) for several days. Again, their behavior was 

classified as stop, eat, walk, flight, mate, oviposition (female), and 

mate gourd (male). The individuals of both sexes (two males or two 

females) were distinguished by their body length, pattern of white 

spots, and markings on the lateral elytra, and the behavior of each 

individual was recorded. The temperature during the outdoor test 

was within the range of 24–33°C under natural photoperiod (June–

August in Yokohama City).

Results and Discussion

1. Laboratory test

　 The behaviors during the observation period are shown in table 

1, and the frequencies of each behavior at different times of day 

are shown in table 2. The male mounted and mated with the female 

at high frequency in the daytime. The female accepted the mating 

and laid eggs frequently. The other behaviors of rest, eat, and walk 

observed in both sexes. The tendency of some behavior to concentrate 

at particular times was not recognized in all behaviors of both sexes. 

The rearing was continued after the observation period until they died 

on August 25 (male) and August 28 (female). The fecundity of the 

female was 158 eggs in her life time.  

2. Outdoor test

　 1 and female 1) during the 

observation period are shown in table 3, and the frequency of each 

behavior at different times of day are shown in table 4. In table 3, the 

WLB positions in the cage were also shown (shaded: on host plants; 

unshaded: out of the host plants). As in the laboratory test, the male 

Table 2. The diurnal behavior of A. malasiaca in the laboratory (Frequency)

Table 1. The periodical change in male and female behavior of A. malasiaca 
in the laboratory (a net cage, W30cm×D45cm×H30cm, one pair).

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, G: Mate guard, F: Flight
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mounted and mated with the female at high frequency in the daytime, 

and the female accepted the mating by the male and also laid eggs 

frequently. However, the frequency of mating and oviposition were 

almost half of laboratory test. The other behaviors of rest, eat, and 

walk were also observed frequently in the daytime, but flight was 

seldom observed in both sexes. The tendency of some behaviors to 

concentrate at particular times was not recognized in all behaviors 

of both sexes. As for positioning, the male stayed on the host longer 

than the female (male: 97/106 h; female: 70/106 h, p < 0.01, Z test). 

It is observed that the female walked on the lateral side of net or on 

the ground repeatedly for an interval of several days. In contrast, the 

male stayed on the host when the female left it, showing a waiting 

1). This male behavior was also 

observed in the laboratory test. 

　  When the frequency of each behavior was compared between the 

laboratory and outdoor tests (tables 2 and 4), mating and oviposition 

frequency in the laboratory test were about double those in the 

outdoor test (laboratory: 65/213 times; outdoor: 27/203 times, p < 

0.01, Z test). While a narrower space in the laboratory test might 

have caused more frequent meeting of the pair, it should be further 

examined. As for the other behaviors, the particular difference of 

frequency between the laboratory and outdoors was not recognized.

　  In addition to daytime observation, observation was done 15 

times at night and 11 times in the early morning (table 5). As for the 

male, mount and mating were observed both at night and in the early 

morning, and difference in behavior was not recognized compared 

to daytime. In contrast, the female laid eggs only in daytime but 

neither at night nor in the early morning, thus implying cessation of 

oviposition behavior during night and early morning. 

　  The behaviors of the two pairs during the observation period are 

shown in table 6. Two hours after the test initiation, male 1 fought 

against male 2, who mated with female 2, then won the battle. Male 

 

 

Fig. 1. Waiting behavior of A. malasiaca male for mating with a female
(a) in the outdoor net cage (trunk base of Acer)

Platanus)

Table 4. The diurnal behavior of A. malasiaca in the outdoor (Frequency)

Table 5. The diurnal behavior of A. malasiaca in the evening and early 
morning in the outdoor (Frequency)

 

Table 3. The periodical change in male and female behavior of A. malasiaca 
in the outodoor  (a net cage, W1m ×D1m× H2m, one  pair).

Stay time on host: 97h/106h (91.5%), Mating: 13, Mate guard: 64

Stay time on host: 70h/106h (66.0%), Mating: 13, Oviposition: 14

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, G: Mate guard, F: Flight
on host outside of host

Note:

Note:
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1 stayed on the host, then performed a mount on and mated with 

female 1, which was not the partner of male 2. Male 2, which lost 

never came back to the host. Two additional fights were observed 

between male 1 and male 2, in both of which male 1 defeated male 2. 

In the whole period of observation, male 1 stayed on the host longer 

than male 2 (male 1: 108/116 h; male 2: 87/116 h, p < 0.01, Z test), 

and frequently mounted on and mated with females (male 1: 73/139 

times; male 2: 32/139 times, p < 0.01, Z test). The two females 

behaved mating and oviposition on the host, and walked around the 

cage after leaving the host. They stayed on the host for nearly the 

same period (female 1: 78/116 h; female 2: 83/116 h, ns by Z test), 

and the frequencies of mating and oviposition was almost equal 

(female 1: 24/139 times; male 2: 23/139

was observed between female 1 and female 2.  

　  The behaviors of the two pairs during the observation period that 

individuals were exchanged, male 2 to 3 and female 1 to 3, are shown 

in table 7. Three hours after the test initiation, male 3 fought and 

lost against male 1, who was mating with female 2. Male 1 stayed 

on the host after the battle, and performed a mount on and mated 

with female 2, mating with her repeatedly. While male 3 left the host 

for several hours, it came back to the host and mated with female 3. 

1 and male 

3 except the initial one. In the whole period of observation, male 

1 stayed longer than male 3 (male 1: 45/48 h; male 3: 37/48 h, p < 

0.05, Z test), and he frequently mounted on and mated with females 

(male 1: 36/93 times; male 3: 13/93 times, p < 0.01, Z test). The 

two females stayed on the host for nearly the same period (female 2: 

30/48 h; female 3: 33/48 h, ns by Z test), and the frequency of mating 

and oviposition by female 2 was a little higher than those of female 3, 

2: 18/93 times; female 

3: 10/93 2 

and female 3 as another test with the two pairs. 

　  Rearing was continued after the observation period in the outdoor 

cage (some were reared tentatively in a small cage put outdoors) 

until they died; males 1–3 died on October 8, September 10, and 

September 7, and females 1–3 on August 16, September 5, and 

August 21. The total fecundity of three females was 94 eggs (31 eggs/

female).

　
　  Adachi (1990) examined the dispersal of WLB adults in a citrus 

orchard (0.4 ha) by the mark-recapture method and found that the 

length of the period to stay in the orchard by sex was 5–8 days in 

males and 7–12 days in females, indicating that females stayed 1.5 

times longer than males. He also reported that in the period, WLBs 

moved 30–40 m on average and 150 m at maximum, irrespective of 

sex.

　  In addition, Adachi et al. (1992) examined the movement of one 

pair of WLBs in a citrus tree by VTR recording and reported that 

the movement pattern in one tree was different by sex. According to 

Adachi, the female stayed a long time on leaves and lower portion of 

the main trunk (the oviposition site), and seldom stayed on the base 

where two branches divided. In contrast, the male stayed a long time 

 

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, G: Mate guard, F: Flight, BW: Battle win, BL: Battle lose

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, F: Flight

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, G: Mate guard, F: Flight, BW: Battle win, BL: Battle lose

S: Stop, E: Eat, W: Walk, M: Mating, O: Oviposition, F: Flight
on host outside of host

Table 6. The periodical change in male and female behavior of A. malasiaca 
in the outodoor (a net cage , W1m×D1m×H2m, two pairs).

Table 7. The periodical change in male and female behavior of A. malasiaca 
in the outodoor (a net cage, W1m×D1m×H2m, two pairs, second trial).
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on the leaves and divided branches; however, if the female was on the 

tree, he moved frequently to the lower portion of the main trunk. In 

both sexes, frequent moves on the leaves or branches were observed 

at any time of day, but, movement to the lower trunk was limited 

to 6:00–20:00, indicating the concentration of oviposition in the 

daytime.

　  The reports of Adachi (1990) and Adachi et al. (1992) indicated 

that WLBs well colonized the host trees and repeatedly undertook 

reproductive activities such as mating and oviposition in narrow 

areas. In the present study, both females and males stayed on host 

trees long time, as shown by Adachi; however, the hours males stayed 

Adachi (1990). This may be the result of the difference in the space 

available to WLBs.

　  Unlike the test done by Adachi (1990), the areas available to the 

WBLs in the present study were limited within the outdoor cage, 

and sexual difference in movement did not substantively matter. In a 

narrow space, males tend to stay longer on the host than females and 

wait for females to get a chance to mate more frequently. Males were 

observed to behave waiting on the oviposition sites in both laboratory 

and outdoor tests. In addition, this behavior was observed also on the 

trunk base of Platanus 1). The waiting behavior of 

in other species Batcera lieolata, Monochamus alternates, and 
Psacothea hilaris (Akutsu and Kuboki, 1981; Fauziah et al., 1987; 

Yokoi, 1989).

　  In this study, females sometimes left the host and then walked 

around on the net or rested for a long time in the corner of the upper 

surface while males ate twigs for a short time then undertook waiting 

behavior for females on the host. Thus, females accepted the mating 

attempt by males in a given period, but they denied the mating 

and escaped from males, leaving the host for several hours. These 

behavioral patterns were frequently observed in the experimental 

period. In addition, females were frequently observed to continue 

eating during copulation, and survived without food for about one 

day. It was suggested that females sometimes move to other host trees 

to search for new oviposition sites.

　  The results of the two pair test (tables 6 and 7) suggested that 

can be triggered exclusively when a male encounters a rival male 

mating with females. The winner often stays to mate with the female. 

The loser leaves the host, then moves to another place to look for a 

partner.

　  Hughes (1981) observed the mating behavior of the North 

American Cerambycidae Monochamus scutellatus on cut logs of 

white pine. The males’ success in mating was shown with high 

variation. While six males mated with a female, the most superior 

male accounted for 57% of the total mating time of the six males. It 

was also reported that the losing male left the reproduction site.

　  In this study of the WLB, male 1 2 and 

3 and performed mating, including mating gourd, for a period two to 

three times longer than males 2 or 3. As in the case of North American 

Cerambycidae, the superior WLB male occupies mating with females 

by excluding inferior ones. In natural conditions, inferior males 

are forced to stop mating until they reach a new reproduction site, 

implying the rate in reproductive success for inferior males. Fukaya 

et al. (2004) conducted laboratory tests on the effect of WLB male 

body size on mating behavior and female refusal. They reported that 

small males, although similar in battle, were more sensitive to female 

contact pheromone and more aggressive in mating with females. They 

also found that females preferred to mate with large males. All these 

factors affect the overall rate of mating success for males in natural 

conditions.

　  It is well known that various species of Cerambycidae conduct 

(Iwabuchi, 1987). In order to explain this fact, the following 

speculations are proposed.

1. Various acquired genetic traits of males (Fauziah et al., 1987)

　 Species in which females live long, such as Monochamus 

alternates would increase their own reproductive chances by 

accepting various genetic sources of males.

2. Increase in fecundity (Hughes, 1981；Akutsu and Kuboki, 1983)

　 In the case of Monochamus scutellatus in North America and 
Acalolepta luxuriosa in Japan, it was suggested that females increased 

fecundity in accordance with an increase in mating frequency with 

males. However, the contradictory result was reported on Xylotrechus 

(Iwabuchi, 1988).

3. Sperm competition (Yokoi, 1990)

　  It was demonstrated that males removed the sperm in spermatheca 

of females preserved from previous mating in Psacothea hilaris.

　  While the results obtained in the present study support the above 

speculations for WLB, more detailed studies will be necessary.

要　　　約

　ゴマダラカミキリ (Anoplophora malasiaca)成虫の日周行動を
野外条件で調査した。横浜市内で 6-7月（2012年）に採集さ
れた雌雄成虫１対又は２対を網ケージ（幅 1m、高さ 2m、奥
行き 1m）に放飼し、１時間に 1、2回行動を観察した。餌と産
卵用に柑橘又はモミジ鉢植え苗木 (高さ 0.5-1.8m, 2-3本 )を与
えた。その結果、雄は日中、寄主上で雌に対するマウント行動
と交尾を頻繁に行い、雌が寄主を離れると待ち伏せ姿勢を示し
た。また、雄同士は雌を巡って闘争し、優位な雄が常に勝利し
た。一方、雌は日中、寄主上で交尾と産卵を頻繁に行った。ま
た、雌は数日おきに寄主を離れて歩行し、新たな産卵場所を探
索する行動と考えられた。雌同士の産卵場所を巡る闘争は観察
されなかった。これらの行動は雌雄が死亡する直前まで観察さ
れた。既存文献情報と本調査結果をもとに本種の繁殖行動の特
徴について考察した。
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