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ABSTRACT In March 1994, Gonipterus scutellatus Gyllenhal, an Australian weevil that feeds on
foliage of eucalypts, was discovered in Ventura County, CA. By the time of its discovery, the weevil
was defoliating eucalypt trees in citrus orchard windrows. We imported, reared, and released a
parasitoid of the weevilÕs eggs, Anaphes nitens Siscaro (Hymenoptera: Mymaridae). A. nitens was
Þrmly established in several southern California counties by mid-1997 and was spreading in tandem
with its host. The wasp has proven to be effective in suppressing weevil populations, killing .95%
of weevil eggs, except possibly in areas where insecticides are applied to manage pests of Þeld crops.
A. nitens appears to be a promising biological control agent for G. scutellatus in California.
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EUCALYPT TREES HAVE beenplantedwidely inCalifornia
since the late 1800s and are abundant in urban and
rural landscapes of coastal areas, the Central Valley,
and the southern part of the state (Hickman 1993).
These trees are valued for their attractive form, rapid
growth, tolerance of poor quality soils, and resistance
to drought (Pryor 1976). For 100 yr, California euca-
lypts remained free of signiÞcant insect pests; how-
ever, over the past 15 yr, 12 species of insects that are
eucalypt associates in Australia have found their way
into the state (Gill et al. 1998). Gonipterus scutellatus
Gyllenhal, anAustralianweevil,wasÞrst discovered in
California in March 1994, feeding on eucalypts in the
Simi Valley of Ventura County (Seeno and Davidson
1994, Cowles and Downer 1995). In that area, mature
eucalypts serve primarily as windbreaks for the many
citrus orchards. The weevil went unnoticed until
heavy infestations were advancing along these wind-
rows, stripping treesof their leaves. Sometreesalready
hadbeenkilled, apparentlyby repeateddefoliation.G.
scutellatus is anotoriousdefoliatorof eucalypts inNew
Zealand (Nuttall 1989), Africa (Kevan 1946), the
Mediterranean area (Arzone and Meotto 1978), and
South America (Marelli 1928), but it is rather uncom-
mon in its native Australia (Tooke 1953).

Gonipterus scutellatus adults and larvae prefer the
foliage of Eucalyptus globulus LaBillardière and Eu-
calyptusviminalisLaBillardière, consumingyoungand
tender leaves, buds, and shoots; their feeding retards
tree growth, contorting and eventually killing
branches (Tooke 1953). Because the adults readily
drop from branches when disturbed, and cling to
whatever they land on, they are easily spread by hu-
man activities (see Mally 1924 for natural history).

Adults may live two to three months during the sum-
mer and are strong ßiers. Females deposit hard brown
egg capsules on shoots and the youngest leaves, and
may produce 20Ð30 capsules, each containing nine
eggs on average. Neonates emerge in '2 wk through
the undersides of egg capsules, chewing through the
leaf then feeding on the leaf surface; later instars
consume the entire leaf blade.

In Ventura County, neither G. scutellatus larvae nor
adults were attacked by any species of parasitoid or
predator that could control infestations (L.M.H., un-
published data). In fact, the physical appearance of
the slug-like larvaeÑblack on bright yellow markings,
coated with sticky green slime, and producing long
tendrils of black excrementÑcertainly suggests that
they may be distasteful. Because the adult weevils
disperse readily and are active during much of the
year, and because their host trees are tall and widely
distributed, management with insecticides would be
impractical. Chemical methods of control also would
beundesirable inVenturaCountybecause theywould
disrupt the integrated pest management (IPM) pro-
gram for citrus pests (DeBach and Rosen 1991), and
in urban areas, because of public intolerance of blan-
ket applications of pesticides (see Raupp et al. 1992).

Fortunately, there is a selective and effective bio-
logical control agent for G. scutellatus, the egg para-
sitoid Anaphes nitens Siscaro (Hymenoptera: Mymari-
dae), which has effectively controlled this pest in
many parts of the world (Clausen 1978, Luck 1981).
Adult A. nitens of both sexes consume honey in the
laboratory, suggesting that they may feed on nectar of
eucalyptßowers in thewild.With food, adultsmay live
in the laboratory for .3 wk, inserting an average of 25
eggs intoeggcapsulesofG. scutellatus(seeTooke1953
for biology). This species is a true egg parasitoid; each
larva feeds within individual host eggs rather than
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attacking multiple eggs within capsules. Egg to adult
development may be completed in 17 d to 1 mo, and
the primary sex ratio favors females two or three to
one.

We describe here our program to introduce and
establish A. nitens in California as a means of control-
ling G. scutellatus populations. This is a highly speciÞc
parasitoid of the eggs of Gonipterus species (Huber
and Prinsloo 1990). G. scutellatus is the only member
of its subfamily inNorthAmerica (Gonipterinae; Zim-
merman 1991), therefore the parasitoid is unlikely to
attack nontarget native species. Moreover, there is no
published record ofA. nitensparasitizing species other
than in thegenusGonipterus in any regionof theworld
where it has been introduced.

Materials and Methods

Production and Release of A. nitens. Because G.
scutellatus did not occur in Riverside County, we
reared the weevil and its parasitoids in the quarantine
facility at UC Riverside. We founded our parasitoid
colony with several hundred parasitized egg capsules
of G. scutellatus that were provided by Geoff Tribe of
the Plant Protection Institute in Rosebank, Republic
ofSouthAfrica.Eggcapsuleswere received in late July
1994 and yielded '100 adult A. nitens but no other
primary or secondary parasitoid species. To breed the
wasps, we collected G. scutellatus egg capsules and
adults from infested sites in Ventura County. Egg
capsuleswere clipped from leaveswith apaper punch.
Leaf disks with egg capsules were mounted on insect
pins (10 per pin) and spaced to discourage molding.
Ten pins with leaf disks were stuck into the narrow
end of a No. 8 cork that was then inserted into a 74 ml
plastic vial (100 egg capsules per vial). Leaf disks
increased humidity in vials, facilitating emergence of
adult wasps. About 20 adult parasitoids were intro-
duced into each vial andhoneywas streaked inside for
food. Vials were stored under ambient conditions
(24 6 28C, '40% RH). When parasitoid progeny be-
gan to emerge, the opened vials were enclosed in a
dark cardboard box (10 by 10 by 30 cm) with a glass
vial attached to collect wasps moving toward the light.
Parasitoids remained viable for .3 wk in glass vials
streaked with honey in a 158C refrigerator.

Because G. scutellatus eggs were scarce in Ventura
County during the winter of 1994Ð1995, it was nec-
essary to rear adultweevils toproduceeggcapsules for
the parasitoid colony. We caged adult G. scutellatus in
the quarantine facility in a wooden sleeve cage (1.5 m
long, 0.5 m wide, 0.5 m high) at '208C and '50% RH.
Weevils were provided foliage of E. globulus and E.
viminalis for feeding and oviposition. Foliage was
freshly cut from the terminal ('20 cm) of branches
and thoroughly rinsed to remove debris and potential
predators (such as spiders). Cut stems were placed in
a ßask of water to maintain leaf turgor, and were
numerous enough to completely block the opening of
the ßask to prevent weevils from drowning. Foliage
was replaced at '3-d intervals. Under these condi-
tions, adultweevils initially fedbutwouldnot oviposit,

a problem also encountered by Tooke (1953). Replac-
ing ßuorescent lights with an incandescent light (100
W) positioned over the cage and run on timer with a
14:10 (L:D) h photoperiod resulted in a colony of 40
adult weevils ovipositing '25 egg capsules per week.

We released 100 adult A. nitens (.50% females) on
26August 1994 at the sitewhereG. scutellatuswas Þrst
detected in CaliforniaÑMesa School in Simi Valley
(Ventura County). To optimize the opportunity for
establishment, we placed vials containing wasps over
individualweevil egg capsules until a fewwasps began
stinging; wasps continued to sting after the vial was
removed. Another 220 parasitoids (.50% females)
were released at the same site on 20 October 1994.

In spring 1995, we collected weevil egg capsules in
Ventura Country from areas where A. nitens had es-
tablished and parasitism rates were high (see Results)
andbrought themto thequarantine facility to increase
our production of A. nitens. During summer 1995, we
reared adult parasitoids from these egg capsules. Be-
tween July and September 1995, we released 7,870 A.
nitens in two areas of Ventura County (sites 4 and 7 in
Fig. 1) where A. nitens had not been detected. Para-
sitoids were released by attaching opened vials to
branches that were infested with weevil egg capsules.

Establishment of A. nitens and Rates of Parasitism.
We monitored establishment of the parasitoid by col-
lecting G. scutellatus egg capsules at the Mesa School
site andat Þvenearby sites (Fig. 1; labeled 1Ð6)during
surveys of weevil abundance (see below). We esti-
mated parasitism rate by collecting weevil egg cap-
sules in individual gelatin capsules, then calculating
the percentage of egg capsules that yielded parasitoid
adults rather than weevil larvae. We collected egg
capsules only from small (,5 cm long) new leaves to
ensure that parasitoids would not have had time to
complete development and emerge. We attempted to
collect at least 20 capsules per site and date, but this
was not possible when densities were low.

Fig. 1. Location of study sites in Ventura County, CA,
and the percentage defoliation of E. globulus trees in June
1995. Numbers in boxes are major highways; numbered sites
are discussed in the text. Inset outline of California shows
location of mapped area.
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Wenotedearly inour survey that someeggcapsules
collected from Þeld sites yielded neither weevil larvae
nor parasitoids. To determine whether this mortality
was caused by parasitism, we dissected 563 of these
inviable capsules to see if they contained remains ofG.
scutellatus larvae or parasitoids.

Impact of Parasitism on G. scutellatus Populations.
To monitor the impact of A. nitens on the population
density of G. scutellatus and damage to eucalypt foli-
age, we surveyed weevil abundance and defoliation
rates in eucalypt windrows at the six primary study
sites (Fig. 1). We initially surveyed only the Mesa
School site on 27 July and 21 October 1994, but sur-
veyed all six sites from 16 June 1995 to 24 June 1997 at
intervals of 1Ð4 mo (longer intervals during winter
when densities of G. scutellatus were low). We
counted G. scutellatus eggs, larvae, and adults on the
terminal 10 cm of 20 branches per site (at least 10
trees). Sampling branch tips is an effective means of
appraising density of G. scutellatus because new egg
capsules, larvae, and adults are conÞned to the
younger leaves (Tooke 1953; L.M.H., unpublished
data).

We estimated percentage defoliation of eucalypts
caaused by weevil feeding at each of the six primary
sites by examining terminal leaves of the same 20
branches that were used in estimating densities of G.
scutellatus. Using only the newly expanded leaves, we
visually assessed leaf damage by estimating the pro-
portionof the leaf blade consumedusing the following
categories: (1) 0Ð25%, (2) 25Ð50%, (3) 51Ð75%, and
(4) .75% of blade consumed.

Dispersal ofG. scutellatus andA. nitens.Tomonitor
the spread of the weevil and its parasitoid, we esti-
mated weevil density, parasitism rate, and defoliation
rate at an additional 39 secondary sites that were
widely scattered throughout Ventura County (Fig. 1)
using the methods described above. Samples were
taken on 13Ð29 June 1995, 26Ð27 September 1995,
10Ð11 July 1996, and 24Ð25 June 1997. Selection of
sampling sites was determined primarily by the pres-
ence of E. globulus trees, which numbered from a few
to .100 per site. At sites where neither G. scutellatus
nor feeding damage was detected by sampling, we
used binoculars to examine the upper canopy for G.
scutellatus or feeding damage. We also scouted for
infestations in other counties of southern California,
most intensively inneighboringLosAngeles andSanta
Barbara Counties, as well as Riverside, San Bernar-
dino, and San Diego Counties.

Statistics.Weusedanalysis of variance(ANOVA)to
test differences between treatment means over sam-
pling dates; the Fmax test (Sokal and Rohlf 1995) was
used to conÞrm that data satisÞed the assumption of
ANOVA (sample variances not signiÞcantly differ-
ent). Where data failed to meet this assumption, we
used thenonparametricKruskalÐWallismethod to test
differencesbetweenmeans (PROCNPAR1WAY, SAS
Institute 1988). The TukeyÐKramer method was used
to test differences between means while controlling
the maximum experimentwise error rate under any

complete or partial null hypothesis (SAS Institute
1988). We present means 6 1 SEM throughout.

Results

Establishment of A. nitens and Rates of Parasitism.
Among the egg capsules we collected from the six
primary study sites on the second and subsequent
sampling dates, an average of 41 6 5% produced nei-
therG. scutellatus larvaenorparasitoidadults.Of these
563 inviable capsules, 62% contained identiÞable re-
mains of adult parasitoids, whereas the rest showedno
visible evidence of parasitoids. We concluded that
superparasitism by A. nitens was responsible for mor-
tality in these latter egg capsules because: (1) there
were no inviable capsules before we introduced the
parasitoid (all capsules yielded larvae); and (2) 118 of
119 capsules collected at Mesa School on the Þrst
sample date (when parasitoid populations were pre-
sumably smaller and parasitism rates lower) yielded
parasitoids; none were inviable. Tooke (1953) re-
ported thatA. nitens superparasitized eggs ofG. scutel-
latus (as many as 17 wasp eggs per host egg), and that
no parasitoid larvae completed development in eggs
that were highly superparasitized. We therefore cal-
culated percentage parasitism in our study by adding
the number of capsules yielding parasitoids to the
number of inviable capsules, and dividing by the total
(inviable capsules 1 capsules yielding parasitoids 1
capsules yielding G. scutellatus larvae).

Only four of 138 egg capsules (3%) collected from
the six primary study sites in June and July 1995 pro-
duced both weevil larvae and adult parasitoids; 74
capsules (54%) yielded an average of 7.0 6 0.33weevil
larvae per capsule, whereas 60 capsules (43%, all but
six from Mesa School site) were parasitized and pro-
duced an average of 3.5 6 0.33 wasps (mean numbers
of wasps and larvae per capsule signiÞcantly different;
ANOVA; F 5 56.0; df 5 1, 123; P , 0.0001). Of wasps
emerging from parasitized capsules, 63 6 35% were
females. Length of egg capsules averaged 3.5 6 0.62
mm and was positively correlated with the number of
G. scutellatus larvae emerging (best Þt regression
equation: Y 5 2.6X 2 2.2; df 5 1, 72; r2 5 0.23; F 5 22.1;
P , 0.0001), but only weakly correlated with the
number of parasitoid adults emerging (regression
equation: Y 5 1.1X 2 0.51; df 5 1, 57; r2 5 0.1; F 5 6.4;
P 5 0.014).

Anaphes nitens successfully overwintered in 1994Ð
1995 in Ventura County, but ,40% of the egg capsules
collected from the six primary study sites in June 1995
were parasitized (Fig. 2A). This low parasitism rate
was caused by the scarcity of parasitized egg capsules
at all six of the sites except for the release site (Mesa
School) where 118 of 119 capsules were parasitized.
However, 1 mo later, .75% of capsules yielded para-
sitoids and another 15% were inviable (Fig. 2A); total
mortality rate (including capsules yielding parasitoids
and inviable capsules) was '90%. The parasitoid sur-
vived the two succeeding winters and mortality rates
were high throughout the study period (Fig. 2A; no
signiÞcant differences after Þrst date; TukeyÐKramer
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test,P.0.05).Theproportionof inviable capsuleswas
higher during winter than in summer (Fig. 2A), pos-
sibly because egg capsules were much less abundant
during winter, resulting in increased levels of super-
parasitism and correspondingly high mortality rates
among competing parasitoid larvae.

Impact of Parasitism on G. scutellatus Populations.
At the beginning of our program (July 1994), initial
densities of G. scutellatus egg capsules, larvae, and
adults at the Mesa School site averaged 0.38 6 0.9
(6SD), 1.14 6 0.26 and 0.045 6 0.022 individuals per
branch tip, respectively; that density of larvae per
branch tip corresponds to a whole-tree density of
'8,200Ð16,400 larvae per tree. At that time, rates of
defoliationwerenearly 50%.Densities ofG. scutellatus
were still quite high in June 1995 at all six primary
study sites, with an average of .2 larvae feeding on
each branch tip (Fig. 2B). However, as a result of the
very high parasitism rates of egg capsules, densities of
larvae declined signiÞcantly to ,0.05 larvae per
branch tip by September 1995. The ability of the para-
sitoid to suppress densities of larvae is illustrated by
the very low densities of larvae (the most damaging
life stage) throughout 1996 despite the abundance of
egg capsules during the spring and summer; there was
a slight resurgence of weevil larvae in April 1997 (Fig.
2B; means for all dates signiÞcantly different from Þrst
date except April 1997; TukeyÐKramer test, P , 0.5).
However, by June 1997 egg parasitism had again re-
duced densities of larvae to very low levels.

Densities of egg capsules reached high levels be-
tween March and July 1996 (means signiÞcantly dif-
ferent fromotherdates; TukeyÐKramer test,P, 0.05),
perhaps because G. scutellatus adults were freed from
competingwith larvae for fresh foliage and so enjoyed
betternutrition andhigh fecundity.Densities of adults
remained fairly stable throughout 1995 and much of
1996 in spite of low survivorship of larvae (Fig. 2B),
perhaps because of their longevity and immigration
from other areas; however, densities of adults Þnally
declined by September 1996. Apparently as a result of
lowerdensity of adults, abundanceof egg capsuleswas
much lower in spring and summer of 1997 than in the
previous year.

At one of six sites (site 6 in Fig. 1), densities of larvae
and adults resurged in spring 1996 with declining para-
sitism rates, possibly because of decimation of parasitoid
populationsbydriftof insecticidesappliedtoanadjacent
celery Þeld. A variety of insecticides (e.g., permethrin
and methomyl) used to control insect pests of celery in
VenturaCounty are applied by aircraft during the grow-
ing season and have deleterious effects on hymenopter-
ous parasitoids (J. T. Trumble, personal communication;
Trumble1990;TrumbleandHare1997).AttheotherÞve
study sites, however, eucalypts stood in windrows in
citrus orchardswhere natural enemies are conserved by
minimizing application rates of narrow-spectrum pesti-
cides (see DeBach and Rosen 1991). In spite of the
temporary resurgenceofG. scutellatusoneucalyptsnear
the celery Þeld, parasitism rates eventually increased,
resulting in declining weevil densities by July 1996.

Declining densities of G. scutellatus larvae resulted
in subtle but signiÞcant reductions in defoliation rate
at the six primary study sites (Fig. 2C). Levels of
defoliation ßuctuated during the 2-yr sampling period
but nevertheless have remained slightly lower than
those preceding introduction of the parasitoid. More-
over, our measure of defoliation is conservative, based

Fig. 2. Relationship between sampling date and parasit-
ism rate of G. scutellatus egg capsules, population densities of
the weevil, and defoliation of E. globulus trees at six primary
study sites in Ventura County, CA. Inviable egg capsules are
those yielding neither G. scutellatus larvae nor parasitoid
adults (presumably caused by superparasitism). (A) Mean
percentage of egg capsules parasitized by A. nitens (means
signiÞcantly different; ANOVA, F 5 6.08; df 5 15, 62; P ,
0.0001). (B) Density of weevil life stages; means signiÞcantly
different for egg capsules (KruskallÐWallis statistic 5 48.7;
df 5 15, 73; P , 0.0001) and larvae (statistic 5 36.0; df 5 15,
73; P 5 0.0018), but not signiÞcant for adults (statistic 5 21.7;
df 5 15, 73; P 5 0.12). (C) Proportion of terminal leaves
consumed by G. scutellatus adults and larvae (means signif-
icantly different, ANOVA, F 5 14.6; df 5 15, 73; P , 0.0001).
Means with different letters are signiÞcantly different
(TukeyÐKramer test, P , 0.05).

372 ENVIRONMENTAL ENTOMOLOGY Vol. 29, no. 2



on only new leaves, and so overestimates foliage loss;
when defoliation rates were low, leaves reached their
full size intact and were subsequently resistant to
feeding by weevils.

Dispersal of G. scutellatus and A. nitens. By 13 June
1995, G. scutellatus was broadly distributed in Ventura
County (Fig. 1), even in the city of Ventura despite a
more scattered distribution of host trees. The weevil
hadcaused signiÞcantdefoliation atmany sites,mostly
near theMesa School sitewhere itwas Þrst discovered
in 1994 (site 1 in Fig. 1). By June 1997, we detected
new G. scutellatus populations at an additional Þve of
the 39 secondary sites, and defoliation reached levels
that were detectable by our sampling methods in an-
other two sites.

The parasitoid had not yet reached any of the 39
secondary sites when they were Þrst sampled in June
1995. However, G. scutellatus eggs were abundant
enough in September 1995 at three sites to conÞrm
that parasitism rates were very high, and they re-
mained high at these and other sites during the later
sampling periods (Fig. 3A). For sites where G. scutel-
latus populations had established (i.e., densities of
larvae .0.05 per branch tip during at least one sam-
pling period), densities of eggs and larvae were gen-
erally high in June 1995, but high parasitism rates
signiÞcantly reduced densities of larvae by July 1996
(Fig. 3B); a slight resurgence of larvae in June 1997
corresponded to a similar increase at the six primary
sites in April 1997 (Fig. 2B). At the 39 secondary sites,
abundance of adult weevils did not vary signiÞcantly
throughout the study (Fig. 3B), again probably be-
cause of their longevity or immigration from other
areas. With reduced survivorship of larvae, mean de-
foliation rates at the secondary sites never climbed
above 10% during the 2-yr study (Fig. 3C). Our ex-
amination of E. globulus at many of the 39 sites did not
reveal evidence of G. scutellatus by summer 1997. It is
likely that the weevil was widely distributed in Ven-
tura County by that time, but populations had not
developed to levels detectable by our survey methods
because of parasitism by A. nitens.

By 1996, G. scutellatus had spread beyond Ventura
County at least as far as 20 mi north of the city of
Ventura into Santa Barbara County (Lookout Park
near Summerland in May 1996) and 40 mi south into
Los Angeles County (junction of Topanga Canyon
Road and the PaciÞc Coast Highway). At every new
site where the weevil was found, the egg parasitoid
also was present. For example, of 210 egg capsules
collected at Zuma Beach in Los Angeles County (col-
lected on six dates from February 1996 to April 1997),
and 61 capsules fromSantaBarbaraCounty (collected
in May 1996 and April 1997), 93 6 1.6% and 96 6 1.4%,
respectively, either yielded parasitoids or were invi-
able.

Discussion

The high population density of G. scutellatus and
defoliation of eucalypts in Ventura County in March
1994, and presence of the weevil at a number of sites

separated by several kilometers, suggest that it had
colonized the area much earlier. In fact, the presence
of characteristic feeding notches on the oldest euca-
lypt leaves at that time provided circumstantial evi-
dence that weevils had been present when these

Fig. 3. Relationship between sampling date and parasit-
ism rate of G. scutellatus egg capsules, population densities of
weevils, and defoliation of E. globulus trees at 39 secondary
study sites in Ventura County, CA. (A) Mean percentage of
egg capsules parasitized by A. nitens (n 5 3, 12, 11 sites, for
September 1995, July 1996, and June 1997 dates, respectively;
means not signiÞcantly different, ANOVA, F 5 1.96; df 5 2,
23; P 5 0.16). (B) Density of weevil life stages (n 5 11Ð12
sites); means signiÞcantly different for egg capsules
(KruskalÐWallis statistic 5 7.9; df 5 3, 43; P 5 0.048) and
larvae (statistic 5 17.3; df 5 2, 32; P 5 0.0002); means for
adults not signiÞcantly different (statistic 5 7.5; df 5 3, 43;
P 5 0.058). Means with different letters of the same case are
signiÞcantly different (TukeyÐKramer test, P , 0.05). Den-
sities of larvaewerenotmeasured inSeptember1996because
of seasonal inactivity (date not included in analysis). (C)
Proportion of terminal leaves consumed by G. scutellatus
adults and larvae (n 5 34Ð40 sites; means not signiÞcantly
different, ANOVA F 5 0.94, df 5 3, 145; P 5 0.42).
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leaves were new, .2 yr earlier. The dramatic growth
of G. scutellatus populations within a few years is not
surprising given the abundance of the preferred hosts
E. globulus and E. viminalis, an ideal mild climate (see
Tooke 1953), and the absence of natural enemies.
Geographical spread of the weevil probably was fa-
cilitated by vehicular trafÞc passing beneath heavily
infested eucalypts along highways and smaller roads
(Fig. 1). The weevils also were likely to have been
transported during harvest and transport of citrus
fromgroveswith infestedwindrowtrees.G. scutellatus
demonstrated similar strong dispersal abilities during
the Þrst 5 yr of its colonization of South Africa by
spreading .160 km annually (Tooke 1953).

Gonipterus scutellatus feeds on a variety of Euca-
lyptus species (Mally 1924), including the most abun-
dant eucalypts in California, E. globulus, E. viminalis,
and Eucalyptus tereticornis Smith (Hickman 1993). It
rarely or never attacks other common species, includ-
ing Eucalyptus cladocalyx F. Mueller, Eucalyptus
maculata Hooker, Eucalyptus polyanthemos Schauer,
Eucalyptus saligna Smith, and Eucalyptus trabutii (a
hybrid variety; Mally 1924). In selecting Eucalyptus
species that are resistant to theweevil for future plant-
ings, however, E. polyanthemos and E. saligna should
be avoided because they are highly susceptible to
another important pest, the eucalyptus longhorned
borer (Hanks et al. 1995). The ultimate range of G.
scutellatus inCaliforniawill probably be limitedby the
distribution of the preferredhost species,which occur
throughout much of southern and central California.
Weevil populationsmaypersist even inareaswithcool
winter temperatures, suchas thenorthernSacramento
Valley, by diapausing as adults (Tooke 1953).

Anaphes nitens has spread along with its host; when
we Þrst detected weevil populations at the most dis-
tant survey sites in Los Angeles and Santa Barbara
Counties, parasitismrateswerealreadyhigh. It is likely
that defoliation rates have remained negligible at all
sites where new weevil infestations have arisen be-
cause the parasitoid has arrived early and suppressed
weevil populations. The parasitoid also kept pace with
the spread ofG. scutellatus in Africa over considerable
distances (Smee 1937, Tooke 1953). The efÞcient dis-
persal of A. nitens in southern California, and its suc-
cessful overwintering, suggests that it will continue to
expand its range along with its host.

Tooke (1953) reported that A. nitens is fairly toler-
ant of cold temperatures, but persistence of popula-
tions depends on continuous availability of G. scutel-
latus eggs. A. nitens was most effective in coastal areas
of South Africa where winter temperatures were mild
enough to permit the weevil to oviposit year round;
however, incolderareas, theprolongedabsenceofegg
capsules during winter (exceeding 6 wk) resulted in
low parasitoid abundance in spring, apparently result-
ing in weevil outbreak. Tooke (1953) estimated that
oviposition by the weevil would be inhibited at tem-
peratures below 41.78F (5.48C). In California, climatic
zones where minimum mean winter temperatures re-
main below this threshold for more .1 mo occur
primarily in coastal areas north of San Francisco Bay

and in the Central Valley (Ruffner 1985). In these
areas, the parasitoidmaybe less effective in regulating
G. scutellatuspopulations. The climate of the southern
thirdof the state, however, shouldbemore suitable for
the parasitoid.

High parasitism rates of G. scutellatus eggs main-
tained foliage loss below 10% in most areas of Ventura
County during our 2-yr study, preventing the defoli-
ation that inevitably would have occurred if weevil
population growth went unchecked. Suppression of
weevil populations has resulted in conspicuous im-
provements in the appearance of foliage in eucalypt
windrows. The parasitoid similarly has brought G.
scutellatus populations under control in other parts of
the world so rapidly that the vigor of heavily infested
eucalypt groves improved within a few months, with
damage reduced to insigniÞcant levels in a few years
(e.g., Kevan 1946, Tooke 1953, Nuttall 1989). A. nitens
is so effective as a biological control agent that it is
cited as a textbook example of the potential for com-
plete control of a pest by introduction of a single egg
parasitoid species (e.g., DeBach 1974, DeBach and
Rosen 1991). This effectiveness apparently is caused
by several properties of the host-parasitoid system.
First, egg capsules of the host weevil are deposited on
foliage and readily accessible to the parasitoid (see
Gross 1991). Second, parasitoid larvae kill a very high
percentage (usually 100%) of eggs within individual
egg capsules (current study). Third, the life cycle of
the parasitoid is short (,3 wk under warm conditions;
Tooke 1953), allowing a high intrinsic rate of increase.
Fourth, the adult wasps rapidly disperse over consid-
erable distances (Tooke 1953; this study).

It should be noted that the success of the biological
controlprogramagainstG. scutellatus inorchardwind-
rowsofVenturaCountyowesmuch to theminimaluse
of pesticides in cultivation of citrus. The citrus indus-
try in that county has supported the development of
an IPM program that emphasizes conservation of nat-
ural enemies of a variety of citrus pests (see DeBach
and Rosen 1991). A side beneÞt of this program is that
it creates a favorable environment for A. nitens, al-
lowing it to maintain G. scutellatus populations at low
densities, preserving the quality of eucalypt windrows
that shelter citrus orchards from wind. The minimal
use of insecticides in urban landscapes of California
also will favor this parasitoid and allow it to protect
eucalypts that are valuable shade and ornamental
trees.
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