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Insects for the biocontrol of weeds: 
predicting parasitism levels 

in the new country

Rachel McFadyen1* and Helen Spafford Jacob2

Summary

Parasitism in the new country can be a major problem with insects used as weed biocontrol agents, with
some otherwise successful agents parasitised so heavily that their impact is negligible. This increases
the difficulties involved in choosing the best agent. Can we predict parasitism levels? Are certain taxo-
nomic or habitat groups more liable to parasitism in the new country? The crofton weed gall fly, Proce-
cidochares utilis, is heavily parasitised in some countries, such as India, South Africa, New Zealand,
and Australia, but not in others, such as Hawaii and China. Why is the similar gall fly, Cecidochares
connexa, not parasitised in Indonesia? Why do no parasitoids attack the pseudococcid, Hypogeococcus
festerianus, in Australia despite a large number of native and introduced parasitoids attacking pseudo-
coccids? The various theories are discussed in an attempt to discover some guidelines for predicting
parasitism levels in different countries. 

Keywords: agent impact, agent selection, predicting parasitism.

Introduction
The issue of parasitism of weed biocontrol agents in the
new country, and whether this can be predicted in
advance, was first reviewed 25 years ago (Goeden &
Louda 1976). Since then, there have been many publi-
cations on parasitism levels, size of parasitoid guilds,
and theories of parasitism levels, with Hawkins’ 1994
monograph the main source of information and refer-
ences. There is general agreement among most biocon-
trol scientists (both weed and arthropod biocontrol)
(Frankie & Morgan 1984, Hawkins 1990) that, in insect
populations, overall mortality due to parasitism is
correlated with the total number of parasitoid species,
although this is not a straightforward linear relationship
and is probably not causative (Hawkins 1994). The

impact of parasitism on the host population is also
affected by the ability of the parasitoid populations to
“keep up” with the host population. This may be criti-
cally affected by periods when the host population is
very low, or is unavailable to the parasitoid, e.g.
through spatial isolation (Frankie et al. 1984) or in
diapause.

The following issues have been seen as important
influences on the number of parasitoid species moving
onto a herbivorous insect in a new country. In support,
we collated records of parasitism of weed biological
control agents from as many sources as possible
including Julien & Griffiths (1998), other published
references (Appendix 1), and personal communication
with colleagues. From these records we have compiled
a data set (which is not exhaustive) which we use to
discuss some of the hypotheses presented. Fifty-four
records of parasitism from 343 weed biological control
agents were included. 

Factors affecting parasitism

Taxonomic position of the insect
There is a perception that certain insect orders (e.g.

Lepidoptera or Diptera) have more parasitoids than
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others (e.g. Heteroptera or Orthoptera: Hawkins 1994).
For example, among leaf miners in the Neotropics,
Lewis et al. (2002) reported higher parasitism on
dipterous species compared with Lepidoptera or Cole-
optera. A galling nematode has no known parasitoids
(Harris & Shorthouse 1996) although most other
galling species are heavily parasitised (Frankie &
Morgan 1984). 

In our data set, the overall rate of parasitism is
15.7%. Dipterans experience the highest rates of para-
sitism of weed biological control agents in their intro-
duced range (Table 1). Lepidoptera have a marginally
higher rate of parasitism than the mean, while the other
major insect groups have a lower rate of parasitism.
Only 9% of curculionids and chrysomelids were parasi-
tised, compared with 17% of tephritids and 62% of
cecidomyiids. However, those Coleoptera that were
parasitised in one country had a much higher chance of
being parasitised in another country than either Diptera
or Lepidoptera. Therefore, the taxonomic grouping of
the insect does appear to have an effect on whether it is
attacked in its introduced range and our results support
the hypotheses. 

The phylogeny of the insect also relates to the
country of introduction, in that the presence of closely
related native insects will affect the likelihood of para-
sitism. For example, Hydrellia pakistanae and H. balci-
unasi (Diptera: Ephydridae), released against Hydrilla
verticillata, have both been attacked by a parasitoid of
native Hydrellia species (Doyle et al. 2002, Wheeler &
Center 2001).

Habit of the insect 

Whether the insect is an open or concealed feeder
(gall former, leaf miner, leaf roller, root feeder or above
ground; feeding inside seeds or shoots) is agreed to be
“the single most important correlate of how many para-
sitoid species a herbivore is known to support”
(Hawkins 1994, p. 24: see also refs. therein). Parasitism
rates are highest on concealed feeders such as leaf
rollers, leaf miners and case bearers, and low in borers
and root feeders, with gallers intermediate. Most
species have part of the lifecyle (eggs, early larval
instars, later instars, pupae) inside plant structures or
otherwise concealed, and part exposed, and this will

affect the parasitoid guilds at each stage. Furthermore,
there is consensus that, for hymenopterous parasitoids,
those attacking unprotected external and active stages
are generally koinobionts (feeding inside the still-living
host) and tend to be specialists, less likely to move onto
new host insects, while those attacking protected or
immobile stages are more usually idiobionts (feeding
on a dead or paralysed host) and therefore generalists
that more readily move onto new hosts (Hawkins 1994:
Cornell & Hawkins 1993). However, the important
dipterous group Tachinidae is usually polyphagous
although they are koinobionts usually attacking active
external feeders (Hawkins 1994). 

In our analysis we did not determine percentage
parasitism for the feeding guilds of weed biocontrol
agents, but report instead the numbers of species para-
sitised in each guild (Fig. 1). Although we are unable to
directly test the prediction that some guilds experience
higher rates of parasitism than others, we do note that
we have found no reported cases where a root feeder
has been attacked in its introduced range. 

For galling insects (both Hymenoptera and Diptera),
several authors have reported high mortality due to
parasitoids in their native range (Frankie et al. 1984,
Ehler et al. 1984, Frankie & Morgan 1984); however,
as introduced biocontrol agents, only the cecidomyiid
gall inducers are heavily parasitised (Harris & Short-
house 1996). The stem-boring moth Coleophora
parthenica is heavily parasitised in its native country
(Baloch & Mustaque 1973), while in the introduced
range in California, it is attacked by eight parasitoids,
all generalists, with a low overall parasitism rate
(Muller & Goeden 1990). For leaf miners in the
Neotropics, Lewis et al. (2002) reported that parasitism
was a major mortality source and most parasitoid
species were generalists; similar results were reported
by Hawkins (1994). Several authors report only or
mainly specialist parasitoids on surface-feeding lepi-
dopterous larvae (Janzen & Gauld 1997, Lei et al.
1997), though their pupae (possibly concealed in leaf
litter or among bark) may be attacked by generalist
parasitoids (Lei et al. 1997). An exception is surface-
feeding hairy arctiid caterpillars, where the main para-
sitoids are tachinids, usually generalists, but overall
mortality due to parasitoids may also be low (Stireman
& Singer 2002, Bennett & Cruttwell 1973). The

Table 1. Percentage of parasitism of weed biological control agents.

Taxonomic order % of agents  
parasitised

% parasitised in  more 
than one  country

Families parasitised

Heteroptera 11.5 0 Cicadellidae; Tingidae; Aphididae
Hymenoptera  40a

a The small sample size (n=5) of Hymenopterans released for weed biocontrol suggests that this is not an accurate assessment.

0 Eurytomidae; Pteromalidae
Diptera 36 30 Agromyzidae; Tephritidae; Cecidomyiidae; Ephydridae
Coleoptera 10 42 Bruchidae; Chrysomelidae; Curculionidae
Lepidoptera 17 21 Tortricidae, Pyralidae, Arctiidae, Coleophoridae, 

Geometridae, Lyonetiidae, Oecophoridae
Noctuidae, Phytcitidae, Carposinidae
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surface-feeding arctiid Pareuchaetes pseudoinsulata in
its introduced range has few parasitoids; pupal para-
sitism was not studied (McFadyen 1997). On the other
hand, Cactoblastis cactorum in South Africa with
protected larvae has few larval parasitoids, but many
species on the exposed pupae (Pettey 1948). 

Factors relating to the plant host

There is a view that increased plant “apparency”
increases the size of the parasitoid guild on the insects
feeding on that plant. That is, perennials support a
larger parasitoid guild than do annual plants, shrubs
more than herbs, and trees more than shrubs (Hawkins
1994). On the other hand, Muller & Goeden (1990)
reported the relatively high number of eight parasitoid
species attacking the introduced stem-boring moth
Coleophora parthenica on the annual plant Salsola
australis in California. Plant apparency is related to the
insect population cycle: if the insect population is low
or unavailable to the parasitoid for long or unpredict-
able periods (due to diapause or seasonally or locally
very low numbers in an extreme or unpredictable
climate), then the parasitoid population may never be
able to “catch up” sufficiently to control the host
(Frankie et al. 1984). If the host insect has a diapause,
the life-cycle of generalist parasitoids may not be
synchronized to this. Conversely, if the host insect has
multiple generations on a perennial plant in an equable
climate and is therefore always present, the parasitoid
populations can maintain damaging levels (Stone et al.
1995, Stireman & Singer 2002, Lewis et al. 2002). 

Factors relating to the country of 
introduction 

Climate has already been mentioned above. In
general, more extreme climates (with severe winters or
hot dry summers, or unpredictable long dry periods) will
make it more difficult for generalist parasitoids to main-
tain synchrony with the host populations, and will tend
to result in lag effects, whereby parasitism levels are
seldom sufficient to reduce the impact on the host plant. 

Phylogeny interacts with country, in that if there are
closely related insects in the new country (same or
similar genera), then it is likely that specialist parasi-
toids from native species can move onto the introduced
species. Edwards (1998) identified the possibility of
Australian native Eurytoma wasps attacking Meso-
clanis polana (Diptera: Tephritidae) after its introduc-
tion into Australia for the control of bitou bush. M.
polana is heavily parasitised by Eurytoma sp. in South
Africa and is now parasitised in Australia. Conversely,
if the new country has a very impoverished fauna in that
group (e.g. hispine beetles in Australia), there may be
few or no specialist parasitoids available.

Size and isolation of the new country may be a
factor. Oceanic islands such as Hawaii or New Zealand
may have a reduced parasitoid fauna with few species
available to move onto introduced insects (Duan &
Messing 2000). Large, but isolated, continents such as
Australia may also have reduced faunas in certain
groups, compared with the Americas or the Eurasian
land mass.

Predictability
For all of these factors, however, the magnitude and
reliability of the effect is very debatable. That is, will a
given endophagous insect in a new country have 50%
more parasitoid species than an equivalent ectophagous
species, or 100% more, or 200%? And what is the prob-
ability that these effects will occur? If the introduced
insect has a congener in the new country (e.g. the
rubbervine moth Euclasta whalleyi in northern
Australia (McFadyen & Marohasy 1990), is it certain or
only probable that all parasitoid species will transfer
across? And can we predict their impact on the agent
population?

Discussion
The impact of parasitism on weed biological control
agents is not an issue of establishment according to
Lawton (1986), but of overall effectiveness of the agent
and hence subsequent control of the target weed.
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Figure 1. Number of species of weed biocontrol agents parasit-
ised in the introduced range, against the feeding habit
of the attacked stage. 
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Reduced effectiveness of an agent is increasingly an
issue with increased regulatory and financial restric-
tions on the number of agents that can be released.
Every agent that is heavily parasitised after release
becomes more costly – economically, ecologically, and
perhaps socially. 

Our analysis has demonstrated the need for more
published records of parasitism of weed biological
control agents and for these to be included in an active
data base from which we can start examining patterns of
parasitism. Hill & Hulley (1995) report 40% parasitism
of weed biocontrol agents in South Africa. If we take
this as a benchmark for the worldwide rate of parasitism,
then there is every indication that parasitism is underre-
ported (our data show an overall rate of 15.7%). Further-
more, reports of parasitism are dispersed within an
immense literature on efficacy of agents. Some papers
explicitly address the parasitism of biological control
agents (Wilson & Andres 1986, Wehling & Piper 1988,
Hoffman et al. 1993, Hill & Hulley 1995, Hoebeke &
Wheeler 1996, Lang & Richard 1998, Manongi & Hoff-
mann 1995, Newton & Sharkey 2000). Most papers
make reference to the parasitism of agents as a note or in
vague terms. Part of the difficulty is obtaining clear
identification of the parasitoid(s) involved. In some
countries the native insect fauna is not well known and
it is difficult to identify parasitoids, some of which may
be unknown until the agent’s introduction (e.g. Steth-
ynium sp. nov. a parasitoid of Zygina sp. (Joder et al.
2002)). It is difficult to gauge how frequently the occur-
rence of parasitism goes unrecorded, but our opinion is
that parasitism of biological control agents occurs at a
much higher frequency than is reported or published.
This may be because parasitism is determined to be at
such a low level as to not warrant reporting or further
attention, or there are insufficient resources for follow-
up studies. In any case, under-reporting reduces our
ability to predict parasitism. 

We have not assessed the impact of parasitism or the
number of parasitoids in relation to time since release of
the agent. These analyses would also be beneficial in
helping us to predict parasitism. 

Hill & Hulley (1995) argue that no potential agent
should be rejected for release on the basis of predicted
parasitism. We support this approach in principle.
However, when choosing between two or more poten-
tial agents, knowledge of potential parasitism is an
important factor to consider. Not only can parasitism
significantly reduce the effectiveness of an agent, but it
also reduces confidence in the ecological safety of
biological control. There is little information about the
trophic web effects resulting from parasitism of weed
biological control agents. Yet increased host availability
can be expected to lead to an increase in the parasitoid
population. Consequently, there may be significant
shifts in the parasitoid pressure on the native hosts.
Therefore, being able to predict parasitism effectively

becomes more critical as the ecological effects of
biological control are coming under increasing scrutiny. 

In summary, we urge all biological control practi-
tioners to consistently observe and report, preferably in
published papers, all parasitism of weed biological
control agents.
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Appendix 1. List of weed biological control agents parasitised in their introduced range.

Weed species Biological control agent Reference

Acacia longifolia Melanterius ventralis Hill and Hulley 1995
Acacia longifolia Trichilogaster acaciaelongifoliae Manongi and Hoffmann 1995
Ageratina adenophora Procecidochares utilis Julien and Griffiths 1998, Hill and Hulley 1995
Asparagus asparagoides Zygina sp. Joder et al. 2002
Baccharis halimifolia Rhopalomyia californica Julien and Griffiths 1998
Carduus nutans Rhinocyllus conicus Lawton 1986, T. Woodburn pers. comm.
Centaurea nigra Urophora jacaeana Hoebeke and Wheeler 1996
Centaurea spp. Urophora affinis Lang and Richard 1998
Chondrilla juncea Cystiphora schmidti Julien and Griffiths 1998
Chromolaena odorata Pareuchaetes pseudoinsulata Julien and Griffiths 1998
Chrysanthemoides monilifera Comostolopsis germana R. Holtkamp pers. comm.
Chrysanthemoides monilifera Mesoclanis polana R. Holtkamp and T. Willis pers. comm.
Cirsium arvense Cassida rubiginosa Tipping 1993
Cirsium arvense Larinus planus McClay et al. 2001a
Clematis vitalba Phytomyza vitalbae Hill et al. 2001, M. Grodowitz pers. comm.
Clidemia hirta Ategumia ebulealis Julien and Griffiths 1998
Cordia curassavica Eurytoma attiva Julien and Griffiths 1998
Cyperus rotundus Bactra venosana Julien and Griffiths 1998
Cytisus scoparius Leucoptera spartifoliella Julien and Griffiths 1998
Euphorbia esula Spurgia esulae Julien and Griffiths 1998
Hakea gibbosa Erytenna consputa Hill and Hulley 1995
Hakea sericea Carpinosina autologa Hill and Hulley 1995
Hakea sericea Erytenna consputa Hill and Hulley 1995
Hydrilla verticillata Hydrellia balciunasi Grodowitz et al. 1997
Hydrilla verticillata Hydrellia pakistanae Wheeler and Center 2001, Doyle et al. 2002, M. Grodowitz, 

pers. comm.. 
Hypericum perforatum Aphis chloris Hill and Hulley 1995
Hypericum perforatum Aplocera efformata Julien and Griffiths 1998
Hypericum perforatum Zeuxidiplosis giardi Hill and Hulley 1995
Lantana camara Calycomyza lantanae Hill and Hulley 1995
Lantana camara Hypena strigata Hill and Hulley 1995
Lantana camara Neogalea sunia Julien and Griffiths 1998
Lantana camara Neogalea sunia Julien and Griffiths 1998
Lantana camara Octotoma scabripennis Julien and Griffiths 1998, Hill and Hurley 1995
Lantana camara Ophiomyia lantanae Hill and Hurley 1995
Lantana camara Salbia haemorrhoidalis Julien and Griffiths 1998
Lantana camara Uroplata girardi Hill and Hulley 1995
Matricaria perforata Omphalapion hookeri McClay et al. 2001b
Matricaria perforata Rhopalomyia tripleurospermi McClay et al. 2001b
Opuntia aurantiaca Mimorista pulchellalis Hill and Hurley 1995
Opuntia ficus-indica Cactoblastis cactorum Hill and Hurley 1995
Orobanche cumana Phytomyza orobanchiae Julien and Griffiths 1998
Prosopis spp Algarobius bottimeri Hill and Hurley 1995
Prosopis spp Algarobius prosopis Hoffmann et al. 1993
Prosopis spp Neltumius arizonensis Coetzer and Hoffmann 1997
Salsola australis Coleophora klimeschiella Julien and Griffiths 1998
Salsola australis Coleophora parthenica Julien and Griffiths 1998
Salvinia minima Samea multiplicalis Newton and Sharkey 2000
Schinus terebinthifolius Episiumus utilis J. Cuda pers. comm.
Senecio jacobaeae Tyria jacobaeae Julien and Griffiths 1998
Sesbania punicea Neodiplogrammus quadrivittatus Hill and Hurley 1995
Solanum elaeagnifolium Leptinotarsa texana T. Olckers and J. Hoffmann pers. comm.
Solanum mauritianum Gargaphia decoris T. Olckers pers. comm..
Solanum sisymbrifolium Gratiana spadicea Byrne et al. 2002, M. Byrne and M. Hill pers. comm.
Sonchus arvensis Cystiphora sonchi McClay and Peschken 2001
Ulex europaeus Agonopterix ulicetella Julien and Griffiths 1998


