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DESCRIPTION OF PEST INVASION AND PROBLEM

Of the more than 700 species in the genus Eucalyptus L’Heritier native to Australia and New
Guinea, approximately 90 species have been introduced into North America over the last 150
years (Doughty, 2000). Eucalyptus trees were first propagated in California from seed brought
from Australia. Insect pests and diseases associated with living trees were not introduced with
the seeds. As a result, the trees growing in California were relatively free of pests until the last
two decades of the twentieth century (Paine and Millar, 2002).

Phoracantha semipunctata (Fabricius) (Coleoptera: Cerambycidae) is native to Australia
but has been accidentally introduced into virtually all of the Eucalyptus-growing regions of the
world, including California, and is causing significant tree mortality in many of those areas
(Paine et al., 1993, 1995, 1997). The beetles are attracted to volatile chemical cues produced by
downed Eucalyptus and Angophora Cav. trees, broken branches, or standing stressed trees that
are suitable larval host material (Chararas, 1969; Drinkwater, 1975; Ivory, 1977; Gonzalez-
Tirado, 1987; Hanks et al., 1991). After mating on the bark surface, females oviposit under
loose, exfoliated bark. The neonate larvae mine through the outer bark and feed in the nutri-
tious inner bark, cambium, and outer layers of xylem (Hanks et al., 1993).

Fresh host material that has a moisture content below a critical threshold (Hanks et al.
1991, 1999) is most suitable for larval development. Freshly cut logs attract more oviposition
than aged logs (Paine et al., 2001), which is consistent with observation that the adults locate
available sites for oviposition by olfactory cues (Hanks et al., 1991). As logs dry, the emission
of volatile cues declines (Hanks et al., 1998). In addition to the reduction in volatile emissions,
the moisture content of the wood decreases with age and this reduces the quality of the host
material for larval development (Hanks et al., 1993). Larvae feeding on poor quality host mate-
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rial have prolonged development and smaller adult size (Hanks et al., 1995). The prolonged
development time exposes the larvae to increased risks of parasitism (Paine et al., 2001).

TESTING RATIONALE FOR AGENTS INTRODUCED

Although P. semipunctata has caused significant mortality of eucalypt trees in areas of the world
where it has become established, the insect has not been a significant problem in Australia
(Duffy, 1963). Mortality caused by a guild of natural enemies in Australia (Austin et al., 1994;
Austin and Dangerfield, 1997) may be critical in regulating the population and limiting its pest
status. Of the parasitoids present in Australia, the encyrtid egg parasitoid Avetianella longoi
Siscaro and the braconid solitary larval parasitoid Syngaster lepidus Brullè have been intro-
duced into California.

THE EGG PARASITOID AVETIANELLA LONGOI SISCARO

This egg parasitoid arrives on trees that are attractive to ovipositing P. semipunctata adults
(Hanks et al., 1996) and lays its eggs in beetle eggs that are less than 24 hours old (Luhring et al.,
2000). Since the arrival of the host beetle and parasitoid are virtually simultaneous, we expect
that female wasps use cues similar to those that help adult beetles locate trees suitable for ovipo-
sition and larval development. The beetle’s eggs are found in a specific microhabitat under
exfoliated bark or tight crevices. Once on the host tree, female parasitoids conduct localized
searches to find beetle egg masses, perhaps in response to both mechanical and odor cues.
While it would have been possible to conduct formal laboratory tests with various nontarget
host species found in California, in this system it is clearly the attraction of the parasitoid to the
eucalypt habitat that shapes the host contacts of the parasitoid. Eucalyptus species are all intro-
duced species in North America and are one of only a few groups of myrtaceous plants in
California. Munz (1968) lists no members of this family as native to the state. There are very
few, if any, species of herbivorous arthropods North American arthropods that have shifted
onto Eucalyptus species as hosts. This fact strongly suggests that the risk of this parasitoid
encountering alternative hosts is extremely low because of the parasitoid’s strong attraction to
Eucalyptus before searching for host eggs. Consequently, no formal host range testing was
done prior to this species’ release in California.

THE LARVAL PARASITOID SYNGASTER LEPIDUS BRULLÈ

The larval parasitoid S. lepidus (Figure 1) also uses char-
acteristics of the host tree to find P. semipunctata lar-
vae in suitable stages of development. Female parasi-
toids are probably attracted to the plant host from a
distance by volatiles emanating from the degrading/
drying plant tissue. In studies conducted in Australia,
levels of parasitism were significantly greater in fresh
logs than logs that had been aged (Paine et al., 2001).
Fresh logs, even after the 10-day period for larval de-
velopment, may have been a better source of those

Figure 1. Syngaster lepidus Brullè.
Photo: Don Hwan Choe.
(UGA1295001)
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volatiles than old logs (Hanks et al., 1998). This response to volatiles produced relatively early
in the process of colonization is particularly important for S. lepidus because females of this
species prefer to use significantly smaller beetle larvae as hosts than do other species of the
parasitoid guild (Paine et al., 2000).

Short-range cues for location of individual larvae of subcortical beetles by parasitoid fe-
males may be a combination of sound and substrate vibration (Ryan and Rudinsky, 1962; Mills
et al., 1991). Once on the larval host, it is probable that female S. lepidus use a combination of
chemical and physical cues (sonic cues or surface vibrations) to detect and evaluate the size of
beetle larvae beneath the bark. Phoracantha semipunctata larvae feed on both the hard outer
xylem tissue and the softer inner bark, producing both perceptible surface vibrations and sounds
audible to the human ear for several meters. Adult wasps may perceive these vibrations through
either tarsal or antennal contact with the substrate (Hanks et al., 2001). Females respond to the
larval stimuli and allocate the sex of their offspring directly in relation to the size of the host
larvae; male eggs are oviposited on small host larvae, while female eggs are allocated to the
largest larvae (Joyce et al., 2002).

Host range testing of the larval parasitoid was undertaken to evaluate risk to a threatened
insect, the valley elderberry longhorned beetle (Desmocerus californicus dimorphus Fisher).
This cerambycid colonizes elderberry, Sambucus spp. (Caprifoliaceae), in riparian habitats in
the California Central Valley. The larvae of the elderberry beetle mine the interior wood of the
host plant during their 1-2 year larval life cycle.

The plant host families and the larval habitats within the host trees of P. semipunctata and
D. californicus are completely different, making a comparison for host testing very difficult.
Also, because D. californicus has a protected status, it was virtually impossible to obtain speci-
mens for laboratory testing. Consequently, we designed a study that tested the ability of S.
lepidus to identify and use its correct host if it was found within the plant host of the threatened
insect species. We hypothesized that the parasitoid relied on host plant volatiles to locate the
correct larval host habitat, and if there was a volatile stimulus from the larvae that was associ-
ated with the correct host habitat, then it would be present in both the Sambucus and Eucalyp-
tus treatments tested in the experiment.  Fresh elderberry branches were collected from the
field, split open enough to expose the central pith, P. semipuntata larvae of a size preferred for
oviposition by S. lepidus were placed inside, and the branches were sealed. These infested
branches were placed into a bioassay cage with Eucalyptus logs infested with similar sized lar-
vae and, as a control, a section of polyvinylchloride pipe. All assay items were approximately
the same size. Female wasps were introduced into the assay cage and their positions were re-
corded at regular intervals. The results were unequivocal. They clearly demonstrated that there
were no significant differences in landing and searching on either the wrong host (elderberry)
or the plastic pipe. Landing on either elderberry or plastic pipe was confined to occasional
periods spent resting. More importantly, the wasps spent significantly more time landing and
searching in the correct host habitat than either of the other choices. There were no oviposition
attempts on the P. semipunctata larvae in the elderberry branches, but test parasitoids did suc-
cessfully oviposit on the P. semipunctata larvae in the Eucalyptus host logs.
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CONCLUSIONS

Our test results indicate the important role of the host’s habitat and the sequence of parasitoid
behaviors that are used to locate individual hosts. The parasitoids orient initially to the stimuli
associated with the habitat in which the host life stages are most likely to be found. Once within
the habitat, the searching females may use different cues to locate the microenvironment of the
host. In the Eucalyptus host plant system in North America, there are very few native plants
that are closely related to eucalypts. Consequently, there are few host plants that produce simi-
lar stimuli that would attract searching parasitoids. Also, native herbivores are rarely found
feeding on Eucalyptus plants. Since there have been no host plant shifts in more than 150 years,
there are few opportunities for specialist introduced parasitoids searching the correct host to
attack a nontarget native insect. While it is impossible to prove that an event will not happen,
the lack of related plants, the specificity of the herbivores, and the searching behavior of the
parasitoids suggest that the risk to native species is extremely low.
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