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Sexual dimorphism in insect antennal structure is often attributed to differences 
between the sexes in sensitivity to pheromones, the antennae of one sex being 
more elaborately structured (for example, plumose). Males of the family Ce- 
rambycidae (order Coleoptera) often have longer antennae than females, but of 
a similar general structure, suggesting that selective factors other than sensi- 
tivity to pheromones are at work. Both sexes of the eucalyptus longhorned borer, 
a cerambycid, were attracted to eucalyptus logs that were larval hosts. There, 
males located females by antennal contact, and male mating success therefore 
depended on the walking rate and width of the antennal spread. Elongate anten- 
nae may benefit males by increasing antennal spread width, but have no such 
advantage for females, suggesting an evolutionary explanation for sexual 
dimorphism. 
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INTRODUCTION 

Adult insects of the family Cerambycidae are commonly called "longicorn," 
or "longhomed," beetles in reference to the exceptionally long antennae of 
many species. However, antennal length is often sexually dimorphic, and the 
antennae of males may be more than double the length of the females' (e.g., 
Linsley, 1961; Cherepanov, 1988). For many insect groups, differences between 
the sexes in the form of antennae reflect their roles in reproduction; the structure 
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of male antennae serves to enhance sensitivity to female pheromones and may 
be plumose, flabbelate, or pectinate, while antennae of females are more simple 
in design (see Thomhill and Alcock, 1983). Male cerambycids also use their 
antennae in locating mates (Duffy, 1953; Linsley, 1961), but the antennae of 
both sexes are usually similar and filiform or serrate, differing only in length 
(e.g., Duffy, 1953; Cherepanov, 1988). This similarity in antennal morphology 
suggests that there are no differences between the sexes in sensitivity to long- 
range attractants and that sexual dimorphism has resulted from other selective 
factors. The nature of these selective factors remains unclear, primarily because 
the behavior of adult cerambycids has been little studied despite their great 
diversity [ > 30,000 species (Lawrence, 1982)], abundance, and economic 
importance (Duffy, 1953; Linsley, 1961). 

In this study, we provide information on the reproductive behavior of the 
cerambycid Phoracantha semipunctata F., the eucalyptus longhorned borer, 
with special emphasis on how females and males use their antennae. By exam- 
ining sexual differences in the roles of the antennae, we identify potential selec- 
tive factors that may be responsible for sexual dimorphism. 

MATERIALS AND METHODS 

Natural History 

Phoracantha semipunctata, native to Australia, is an introduced pest of 
eucalyptus in California, and the larvae feed on the cambium and inner bark of 
stressed eucalyptus trees, fallen branches, or freshly cut logs (Hanks et al., 
1991, 1993a,b). The crepuscular adults are dark brown and beige in color, = 2.3 
cm long, and the sexes are of similar size. Antennae of females are nearly equal 
to their body length, while those of males are about half again longer (Hanks 
et al., 1996). Adult P. semipunctata feed on eucalyptus pollen and nectar, and 
both sexes congregate on the larval hosts (eucalyptus trees and logs), where 
they mate and females deposit their eggs under loose strips of bark. Mating 
success therefore depends on two behavioral steps: location of a larval host (the 
mating site) and location of mates on that host. We examined these behavioral 
steps in mate location, as well as inter- and intrasexual interactions, to determine 
if the antennae are used in different ways by females and males. 

Location of the Mating Site 

The congregation of P. semipunctata on larval hosts could result from one 
sex being attracted to the larval host and producing a pheromone that attracts 
the other sex (indicating sexual differences in antennal use), or alternatively, 
both sexes could be independently attracted to larval hosts (no sexual differences 
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in antennal use). To discriminate between these two mechanisms, we examined 
the order in which the sexes arrived on larval hosts; the pheromone hypothesis 
would be supported if one sex always arrived first, but the independent attraction 
hypothesis would be supported if the sex of the first arriving beetle was arbitrary. 
Adult beetles were captured as they arrived on a pile of fresh Eucalyptus tere- 
ticornis Small logs (10 logs, 15-30 cm in diameter and ---2 m long) in a grove 
of eucalyptus at the University of California, Riverside, on 16 evenings between 
30 July and 17 August 1992. We tested differences between the sexes in the 
frequencies at which they were the first to arrive on host logs using a goodness- 
of-fit test [G test (Sokal and Rohlf, 1981)] with a null hypothesis of  equal 
frequencies. 

To examine further the behavioral mechanisms involved in mate location 
by P. semipunctata, a wind tunnel was used to determine if adult females and 
males were attracted to volatiles emitted by larval host materials versus adult 
beetles of the opposite sex. The wind tunnel measured the responses of  walking 
beetles and was constructed of plexiglass (190 cm long x 31 cm wide x 11 
cm high) with a vacuum cleaner providing airflow ( - -9  L per min) at one end. 
A 30-cm-long section of the opposite end of the tunnel was divided to form two 
chambers that served as beetle traps. Each trap chamber had a screened 4-cm- 
diameter hole in the end wall which was the air intake for the wind tunnel, and 
where the chamber opened into the wind tunnel was a plastic funnel (4-cm 
diameter) with the pointed end trimmed to make a 3-cm-diameter opening lead- 
ing into the chamber. Beetles entering the trap chambers through these funnels 
could not return to the wind tunnel. 

Materials tested in the wind tunnel were placed in petri dishes in the trap 
chambers and only one material was tested at a time, with 10 ml of  water in 
the opposite trap chamber as a blank control (treatments assigned randomly to 
chambers for each bioassay). Test materials were as follows: (1) bark stripped 
from fresh E. tereticornis logs was reduced to pulp by grinding with water in a 
food blender to maximize the release of volatiles--20 g of  fresh pulp was used 
in each bioassay; and (2) 10 adult beetles of one sex (and the same age as 
responding beetles) were placed in an aluminum screen cage in one trap cham- 
ber, with an empty cage in the control chamber. Ten eucalyptus bark bioassays 
were alternated with 10 adult beetle bioassays. 

In each wind tunnel bioassay, we used 10 beetles, 2 to 4 weeks in age 
(since eclosion) that had been reared from logs, then caged and supplied with 
sugar water for food (for rearing details see Hanks et al., 1993a). To verify that 
beetles of  both sexes were using only olfactory cues (probably detected with the 
antennae), wind tunnel bioassays were conducted in complete darkness. Because 
bioassays were conducted during the day (between 1200 and 1600), beetles were 
quiescent at the time they were placed at the suction end of the wind tunnel but 
became active when lights were turned off. Bioassays were run for 1 h, after 
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which time the beetles in each trap chamber were counted. We tested differences 
between the number of beetles captured in test versus control trap chambers 
with a goodness-of-fit test [G test (Sokal and Rohlf, 1981)] with a null hypothesis 
of equal frequencies. All bioassays were conducted in August and September 
1994. 

Behavior on the Larval Host 

To study the behavior of adult P. semipunctata on larval hosts, we video- 
taped beetles that were visiting the log pile (discussed above) under dim red 
light using a low-light surveillance camera (Panasonic, Tokyo, Japan; Model 
WV-1350A) with a slow-motion video recorder (Sony, Tokyo, Japan; Model 
SLO-420) and a high-resolution monitor (Shiba Electric Co.,, Ltd., Tokyo, 
Japan; Model VU-903U). We viewed the videotapes to examine the activity of 
beetles on the larval host, mate location, mating, and mate defense, with special 
attention to the role of the attennae. Relative activity of females and males on 
the larval host was compared by averaging time spent walking and walking rate. 
We measured walking rate as the distance traveled across the video screen, 
timed with a stopwatch at one-fifth playback speed (for greater accuracy). Field 
logs were marked with a scale of 5-cm increments to provide a correction factor 
(=5 cm/length of increment on the video screen) for calculating true distance 
measures from those taken off the video screen. The angle at which beetles held 
their antennae during various behaviors was measured using a protractor on the 
video screen. 

RESULTS AND DISCUSSION 

Location of  the Mating Site 

Over 16 evenings, a total of 82 female and 266 male P. semipunctata 
visited the pile of eucalyptus logs. Male-biased sex ratios on larval hosts are 
typical (Hanks et al., 1996) and may arise because males spend more time on 
larval hosts than do females, which may alternate bouts of mating and ovipo- 
sition with feeding elsewhere. Beetles began arriving shortly after sundown, 
with the earliest sighting at 2010, but activity declined sharply before 2200, 
after which time beetles were scarce. No beeries were present on these logs on 
the following mornings, confirming that they had dispersed from the log pile 
before daylight (adults usually hide during the day under loose bark of  eucalyptus 
trees). 

The sex of the first beetle to arrive on the log pile was female on 7 nights 
and male on 9 nights (frequencies not significantly different, G test X 2 = 0.25, 
P > 0.5). Thus, neither sex depended on the presence of  the other to locate 
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the larval host, and females and males were independently attracted to larval 
hosts. This finding suggests that there were no sexual differences in how the 
antennae were used in this aspect of reproductive behavior. The independent 
attraction hypothesis was further supported by the wind tunnel bioassays, which 
showed that both sexes were attracted to volatiles emitted from eucalyptus bark 
pulp; an average of 38 + 3% of beetles responded, with 96 + 7.4% (mean + 
99 % confidence limits) of responding males and 98 + 5.2 % of females captured 
in the trap chamber containing eucalyptus bark pulp, compared to 4 + 7.4% of 
males and 2 + 5.2% of females in the control chamber [nonoverlapping con- 
fidence limits indicate significant differences (P < 0.01) between frequencies 
of captures in test and control chambers]. The pheromone hypothesis was further 
disproved by the lack of response of either sex to the opposite sex in the wind 
tunnel bioassays, and no beetles were captured in either test or control chambers. 
Use of the antennae by both sexes of P. semipunctata in locating the larval 
hosts is supported by electroantennogram responses to volatiles from eucalyptus 
bark (Barata et al., 1992). 

Behav ior  on the Larval  Hos t  

Activity and M~'te Location. Solitary female P. semipunctata typically 
walked slowly on th~: larval host logs, constantly probing the bark with their 
ovipositors (Fig. 1) and frequently paused to oviposit for periods of a few 
seconds to 0.5 h. No females walked for more than 20 s without stopping (N 
= 82), but 16 females that walked continuously for at least 3 s averaged 6.72 
_+ 2.0 cm per s (mean + SE). Interactions between solitary females were 
negligible; in eight cases in which two females came into contact, neither showed 
a reaction other than a subtle change in direction. Nor did females appear to 
respond in any way to passing males. 

In contrast to the low mobility of females, males walked almost continu- 
ously after arriving on the larval host logs and stopped only when their antennae 
contacted a female (whether solitary or paired with another male). We conclude 
that P. semipunctata males relied on antennal contact to locate and identify 
females based on the following observations: (1) in 14 of 15 videotaped encoun- 
ters between the sexes, the initial course of the male was not directed toward 
the female, and only after antennal contact did he orient to her (in one case the 
male appeared to approach directly); (2) males attempted to mate every female 
that they contacted with their antennae (N = 15); and (3) in the absence of 
antennal contact, males passed within centimeters of females without responding 
(N = 29 observations). Mating apparently depended entirely on the location of 
females by males. 

Males not only differed from females by walking constantly, but also walked 
about 21% faster than females, averaging 9.5 + 0.25 cm per s (N = 166) 
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Fig. 1. Behavior of adult P. semipunctata on the larval host. Top: 
Females probe for oviposition sites, while males actively search 
for females. Males locate and recognize females by antennal con- 
tact. Middle: Males approach females from behind, connect the 
genitalia, and extract the ovipositor during mating. Other males 
attempt to displace the paired male. Bottom: Males fight primarily 
with the antennae, but the female usually continues to search for 
oviposition sites. 

(means for males and females significantly different, analysis of variance, Ft.~s o 
= 7.46, P = 0.0069). Antennae of males were curved in the vertical plane, 
allowing them to skim the curved bark surface. In addition, males probe with 
their antennae under loose strips of  bark where females commonly oviposit, and 
will crawl under the bark to mate. Males held their antennae at an angle that 
was --34% wider than that of females (males, 128 + 1.24~ females, 95.9 + 
1.9~ means significantly different; analysis of variance F~,s5 = 131.7, P < 
0.0001). Males immediately identified females with a touch of the antennae (see 
Fig. 1), but a similar contact with a male did not elicit a response (N = 23). 
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When males were paired with a female (but not mating), they would respond 
to other passing females that came into contact with their antennae, and three 
males immediately left their mate to copulate with a second female. However, 
when females contacted a paired male from behind (N = 11), the male always 
responded by kicking, just as they did when contacted from behind by another 
male (N = 8). This rejection of females that approach from behind further 
supports the notion that males must contact females with the antennae to rec- 
ognize them as potential males. 

Mating Behavior. After initial contact, the male immediately circled to 
approach the female from behind, and in only 2 of the 15 such encounters did 
the female attempt to escape by running. The male embraced the female's 
pronotum or elytra with his forelegs while vigorously biting or palpating her 
dorsum (N = 15), which resulted in the female stopping and sweeping back her 
antennae (angle between the antennae > 180 ~ in an attitude characteristic of 
quiescence. Similar behaviors in other cerambycid species involving contact 
between male mouthparts and the female dorsum have a calming effect on 
refractory females (e.g., Chemsak, 1963; Chemsak and Powell, 1966; Mich- 
elsen, 1966a,b; Akutsu and Kuboki, 1983; Cannon and Robinson, 1981). We 
have simulated this effect by scratching the elytra with a toothpick, which results 
in agitated P. semipunctata of either sex becoming still and sweeping back their 
antennae. This behavior is similar to that shown by beetles hiding under loose 
bark after being disturbed, suggesting that mechanical stimulation of the elytra 
may satisfy a positively thigmotaxic requirement for rest. Male cerambycids 
may take advantage of this effect to calm potential mates. 

Within seconds of mounting a female, the male curled his abdomen to 
connect the claspers and extracted the ovipositor by raising his body and pulling 
back. The ovipositor remained extended during copulation (Fig. 1), which lasted 
an average of 28.0 :t: 2.1 s (N = 15). During mating, females remained quies- 
cent with antennae swept back, while those of the male were directed forward. 
The end of copulation was heralded by an exaggerated shaking in the male while 
withdrawing the aedeagus. 

Mate Guarding. Immediately after copulation, the male violently swung 
his antennae to strike those of the female, which resulted in her beginning to 
walk. The male accompanied his mate in a "half-mount" position, grasping 
her pronotum with his prolegs, as she searched for oviposition sites, and mating 
was repeated at intervals. While walking, the antennae of both sexes were 
directed forward, those of the male to the outside, antennal angles of males 
averaging 111 + 2.8 ~ compared to 91.8:1:2 .2  ~ for females (N = 11 pairs, 
means significantly different, paired t test, t = 6.5, P < 0.0001). Males con- 
stantly tapped with their antennae the dorsal surface of the female's antennae. 
If the female raised her antennae at any time, the male batted them down by 
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swinging his antennae over hers which appeared to subdue the female. This 
behavior may discourage females from dispersing because both sexes of P. 
semipunctata wave their antennae vertically before taking flight. 

The first mated pair on the log pile was seen on average 26.3 + 8.2 rain 
(N = 16) after the first beetle had arrived. Females and males often remained 
paired for the entire 2 h when beetle activity was highest on the log pile, although 
four males spontaneously abandoned their mates without any apparent provo- 
cation. 

Male lntrasexual Interactions. Solitary male P. semipunctata coming into 
contact on the larval host showed little response to one another (N = 12 obser- 
vations), except for two cases of mating attempts. However, the presence of 
females fostered aggression among males and in each of 40 instances in which 
a paired male was approached head on by a second male, the paired male reacted 
by flailing his antennae at the intruder. In six of these cases the approaching 
male was quickly fended off (duration of interaction < 1 s), but the second male 
had not contacted the female with his antennae and may not have detected her. 
In the 34 instances in which the second male appeared to detect (by antennal 
contact) a female that was paired with a male, he attacked and attempted to 
dislodge the paired male by lashing with the antennae (Fig. 1), but fighting 
commonly escalated to butting with the head or pulling with the mandibles the 
legs and antennae of the opponent. Aggressive competition among male ce- 
rambycids is common and may even lead to mutilation (e.g., Duffy, 1946; 
Akutsu and Kuboki, 1983). However, we have observed only a single incidence 
of injury caused by male fighting in the laboratory when a large male crippled 
a leg of a much smaller opponent. Nevertheless, injuries from fighting may 
explain why males captured in the field were four times more likely than females 
to be missing parts of the antennae (L.M.H. unpublished data). 

Males paired with a female did not have any advantage in aggressive con- 
tests, and challenging males were successful in separating mated pairs in 23 of 
34 (64 %) cases in which the outcome of interactions could be observed. Contests 
between males usually involved multiple fights, and when a challenger failed to 
separate a mated pair and was driven off, he often returned to attack again (6 
of 11 cases). When a mated pair was separated and the female was rediscovered 
by either male, the other male usually returned to challenge as many as 11 
times, averaging 2.9 + 1.0 bouts (N = 10 complete observations). However, 
the duration of bouts between males declined with their number, initial fights 
lasting an average of 3.58 + 0.52 s (N = 23) and subsequent fights 1.26 -I- 
0.37 s (N = 25; means significantly different, analysis of variance, FI,46 = 
13.7, P = 0.0006). 

Fighting between males depended on continued contact with the female, 
which usually showed little response to male fights and continued to oviposit or 
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wandered off. If both males lost contact with the female (N = 20), fighting 
broke off within 1 s and the males began rapidly circling. Males then often 
came into contact repeatedly, but aggression was usually reduced to a few lashes 
with the antennae. Probability of locating the female after a fight was similar 
for defending and challenging males; in 14 cases the defending inales located 
the female 4 times, challengers did so 5 times, while neither male located the 
female in the remaining 5 cases. In every incidence in which the original male 
located the female, he resumed his half-mount position. However, when the 
challenging male located the female, he immediately initiated mating behaviors. 

CONCLUSION 

The antennae of female and male P. semipunctata served a similar function 
in locating the eucalyptus logs that were hosts for their larvae, and both sexes 
were independently attracted to volatile compounds emitted by eucalyptus tis- 
sues. Once on the larval host, however, the sexes differed greatly in their behav- 
iors and in how they used their antennae. Females moved haltingly as they 
probed for oviposition sites, and their progress was governed primarily by the 
sensory organs of the ovipositor. Males, on the other hand, ran almost constantly 
and relied on antennal contact to locate females. This reliance on antennal 
contact rather than vision for mate location may reflect the difficulty of locating 
females in the dark on the curved surfaces of the larval hosts. Congregation of 
both sexes of P. semipunctata on the larval host may have obviated long-range 
pheromones. 

The antennae of male P. semipunctata play significant roles in subduing 
their mates and in intrasexual aggressive competition for females. However, the 
most obvious selective advantage to elongate antennae for males lies in its 
influence on mating opportunity. The chance that a male will discover a female 
will be proportional to the rate at which he can sweep the bark surface of the 
larval host with his antennae, and this sweep rate is a function of his walking 
speed and the width of the antennal spread. Males appeared to maximize their 
sweep rate by walking constantly and rapidly with the antennae spread widely. 
However, the width of the antennal spread strongly depends on the length of 
the antennae. Elongate antennae may therefore be of selective advantage by 
increasing the rate at which males discover mates. In addition, elongate antennae 
also benefit males by improving their abilities to search under loose bark where 
females commonly oviposit. Selective advantage of elongate antennae is illus- 
trated by the greater mating success of P. semipunctata males that have longer 
antennae (Hanks et al., 1996). 

Elongate antennae are apparently of selective advantage for male P. semi- 
punctata, but we have found no evidence for any such advantage for females, 
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suggesting an evolutionary explanation for sexual dimorphism in antennal length. 
Proposed selective advantage for males depends on two behavioral attributes; 
both sexes must congregate on larval hosts trees, and males must locate females 
by antennal contact. These two attributes appear common, but by no means the 
rule, for the Cerambycidae, which encompasses a great diversity of species of 
widely varying behaviors (e.g., Duffy, 1953; Cherepanov, 1988). It is also 
notable that not all species in this family have elongate antennae (e.g., Duffy, 
1953; Cherepanov, 1988). However, there are species that display both of these 
behavioral attributes, and they also are strongly sexually dimorphic in antennal 
length, including the neotropical Callichroma velutinum F. [subfamily Ce- 
rambycinae, tribe Callichromini (Duffy, 1960)], the oriental Acalolepta luxu- 
riosa Bates [subfamily Lamiinae (Akutsu and Kuboki, 1983)], and three species 
in the genus Monochamus (subfamily Lamiinae), the oriental M. alternatus 
Hope (Okamoto 1984), and the North American M. carolinensis (Olivier) 
(Edwards and Linit, 1991) and M. scutellatus (Say) (Hughes, 1981). These 
species are not closely related to P. semipunctata (subfamily Cerambycinae, 
tribe Phoracanthini), suggesting that the association between adult behavior and 
elongate male antennae does not reflect similarity by descent, but lends support 
to the hypothesis that sexual dimorphism arises from selective pressures that are 
related to reproductive behaviors exclusive of pheromone-mediated behaviors. 
For these species, and P. semipunctata, the common name "longhomed beetle" 
goes beyond morphological description to highlight a trait that is of fundamental 
significance to their biology and behavior. 
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