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Summary   Biological control is considered by many to 
be a safe method of weed control. However, a growing 
number of examples of biocontrol agents affecting 
non-target species are coming to light. Therefore it is 
important to assess realised and fi eld host specifi city of 
released biocontrol agents and how well this correlates 
with the predictions of pre-release host testing.

Despite a number of documented examples of 
non-target effects, there has yet to be a critical review 
of host testing procedures. An analysis of the relation-
ship between host testing procedures and realised non-
target effects of agents released in Australia is being 
undertaken. We discuss the preliminary fi ndings and 
future analyses. 
Keywords      Weed biological control,  host specifi city 
testing,  non-target impact. 

INTRODUCTION
Biological control continues to be an important tech-
nology. McFadyen (1998) asserted that it is ‘the only 
safe, cost effective, and sustainable method of weed 
control’. The majority of weed biological control con-
ducted to date has been ‘classical biological control’ 
(hereon referred to as ‘biocontrol’) – the introduction 
of an exotic organism with the expectation that it 
will become established and thus not require further 
releases (McFadyen 1998). 

There has been increasing concern regarding the 
specifi city of weed biocontrol agents (e.g. Strong and 
Pemberton 2000, Louda et al. 2003). Advocates of 
biological control have argued that the problem of non-
target impacts is greatly overstated (e.g. McFadyen 
1998). A commonly quoted case of non-target impact 
is by Rhinocyllus conicus Frölich, which was released 
on weedy thistles in California such as Carduus nutans 
L. in 1969, and has attacked native Cirsium spp. (e.g. 
Louda 1998). The agent was released despite feeding 
on Cirsium spp. during host testing. This example 
highlights the lack of concern for non-economic na-
tive species during the 1960s rather than an error on 
the part of biocontrol practitioners. Supporters assert 
that existing protocols minimise the risk to non-target 
species (e.g. McFadyen 1998).

While conceding that there have been signifi cant 
advancements, Simberloff and Stiling (1996) are criti-
cal of current biocontrol methods, believing that risks, 
costs and benefi ts are not always comprehensively 
analysed. Indeed, examples of non-target impacts are 
not confi ned to agents released during the 1950s and 
1960s, as demonstrated by Aconophora compressa 
Walker. It was released against Lantana camara L. 
in 1995 and is attacking several non-target species, 
most notably fi ddlewood, Citharexylum spinosum L. 
(Anon. 2003). Another example, of greater concern 
involves Bruchidius villosus Fabricius, a seed bruchid 
released against broom, Cystisus scoparius L. in New 
Zealand and Australia in 1987 and 1993 respectively 
(Julien and Griffi ths 1998). In New Zealand B. villosus 
is attacking tagasaste, Chamaecytisus palmensis L. Fil. 
(Fowler et al. 2000). Host testing did not predict this 
non-target attack.

So what exactly are non-target impacts? Lonsdale 
et al. (2001) defi ned non-target impact as ‘attacks by 
biocontrol agents on species other than the weed’. Non-
target impacts can be direct or indirect. An example 
of a direct impact is the above mentioned case of A. 
compressa attacking C. spinosum. Indirect impacts 
occur when a species infl uenced by the agent has not 
been directly affected, but rather is impacted through an 
intermediate species. These effects are often diffi cult 
to identify as they are embedded in a complex web of 
trophic interactions. For example, several parasitoids 
utilise Mesoclanis spp., which were released against 
Chrysanthemoides monilifera L. (Adair and Bruzzese 
2000). If any of their populations build up to high 
levels then their native hosts and competitors may 
be impacted, which will in turn impact on species 
associated with them, and so on. 

Non-target impacts need not be negative. An agent 
may attack weedy non-target plants, so any control 
of their populations by the agent would be benefi cial 
(McFadyen 1985). 

Determining the specifi city of an agent is the best 
way to predict direct non-target attacks (Heard 2000). 
So how effective is host testing at predicting non-target 
impacts of weed biocontrol agents? The answer is we 
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don’t really know. Both sides of the biocontrol debate 
have agreed that there is lack of evidence to determine 
the effectiveness of testing protocols (e.g. McFadyen 
1998, McEvoy and Coombs 1999). Despite a number 
of documented examples of non-target effects, a 
comprehensive analysis of non-target effects to reveal 
patterns associated with possible shortcomings in host 
testing procedures has yet to be produced. 

Willis et al. (2003) collated available host testing 
data and identifi ed 17 agents as having the potential 
to utilise 30 or more native species as alternate hosts 
in Australia. The current study, which forms part of 
a Ph.D. project, builds on this work. The relationship 
between host testing procedures and realised non-target 
effects of agents released in Australia is examined. 
Preliminary results and future analyses are discussed. 

MATERIALS AND METHODS
All weed biocontrol agents released in Australia are 
being entered into a database comprising the following 
information: details regarding the agent, target weed, 
native relatives of the target weed, test plant list, test 
design, non-target effects predicted in host testing 
and post-release information such as documented 
non-target effects. This information is being sourced 
from release applications submitted to the Australian 
Quarantine and Inspection Service (AQIS), published 
and unpublished reports, and communication with 
biocontrol practitioners. 

An analysis will be conducted of agents released 
in Australia prior to 1999 (to allow time for the agent 
to establish and disperse), for which establishment has 
been confi rmed. Agents will be assigned to one of six 
categories based on predicted and realised non-target 
effects. Indirect impacts will not be considered in this 
study, as it is generally only direct effects that are taken 
into account during the host specifi city process. 

Those species listed in categories II and IV represent 
cases where host specifi city testing failed to accurately 
predict non-target impacts (Table 1). The methodologies 
used to test these agents will be investigated further with 
the aim of highlighting potential weaknesses. Category 

VI, agents for which host specifi city testing predicted 
non-target impacts but the incidence of these impacts 
in the fi eld are not known, will highlight agents that 
require investigation to determine whether the predicted 
impacts are occurring in the fi eld and (if they are found) 
to what extent they are occurring. 

RESULTS AND DISCUSSION
A total of 176 agents were released in Australia prior to 
1999. Currently, 49% of agents have been entered into 
the database. Therefore, only analysis of these data will 
be discussed. Fungal agents have not been included.

The fi rst weed biocontrol agents released in Aus-
tralia were four species against Lantana camara, which 
were liberated in 1914 without prior testing (Tyron 
1914). The fi rst agent released in Australia for which 
host testing was conducted was Dactylopius ceylonicus 
Green in 1914 (White-Haney 1915). 

During the 1920s and 1930s the Commonwealth 
Prickly Pear Board (CPPB) released 23 new biocon-
trol agents in Australia (Dodd 1940). Two of these 
agents, Chelinidea tabulata Burmeister and Cactob-
lastis cactorum, were the fi rst recorded in Australia to 
attack non-target species. Several isolated attacks of 
fruit by C. tabulata in the late 1920s, which had not 
been predicted, prompted the CPPB to conduct further 
tests, using fruit (Dodd 1940). Results verifi ed that 
development of C. tabulata could only be completed 
on prickly pears. Attacks of tomatoes and melons by 
C. cactorum (which were predicted) were also feeding 
only (Dodd 1940). 

Hosts may be either ‘breeding’ hosts, which sup-
port feeding and development of an agent, or ‘feeding’ 
hosts, which agents can feed on but can not complete 
their lifecycle. Feeding hosts are often utilised when 
agent populations are high and breeding hosts are 
limiting. The fruit attacked by the two prickly pear 
agents were feeding hosts. None of the attacks were 
sustained and no further attacks have occurred since 
the 1930s (Dodd 1940). 

Seventeen percent of the established agents exam-
ined in this study have attacked non-target species in 
the fi eld (10/58). This fi gure may be underestimated as 
it only includes cases where non-target impacts have 
been published or the authors have been made aware 
by means of personal communication. This percent-
age is similar to the 18% non-target attack rate by 
agents established in the continental United States 
and the Caribbean (Pemberton 2000). In that study 
98% of the species attacked were closely related to 
the target weed and 88% belonged to the same genus 
(Pemberton 2000). 

Historically, host test lists included only economi-
cally important plants. Over the past 20–30 years an 

Table 1.   Categories in which weed biocontrol agents 
established in Australia will be assigned, based on 
predicted and actual non-target effects. 

Prediction

Outcome

No impact Impact Unknown

No impact CATEGORY 
I

CATEGORY 
II

CATEGORY 
III

Impact CATEGORY 
IV

CATEGORY 
V

CATEGORY 
VI
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increasing number of test lists have been based on the 
centrifugal phylogenetic strategy, which prioritises test 
plants in order of taxonomic relatedness to the target 
species and as a safeguard, also includes unrelated 
species of economic importance or native species 
(Wapshere 1974). This increase is refl ected in the 
host test lists examined (Figure 1). Recently ques-
tions have been asked as to whether the inclusion of 
species unrelated to the target weed is of benefi t (e.g. 
Briese 2003). 

It is diffi cult to draw conclusions regarding taxo-
nomic relatedness of the non-target species to the 
relevant target species identifi ed so far in this study 
because the taxonomy of some of the groups is unclear. 
This issue will be addressed at the completion of the 
database. Following is a discussion of several examples 
of non-target attacks.

Choice tests, which involve exposing an agent to 
several plant species simultaneously, are prone to false 
negative results (Barton Browne and Withers 2002). 
With access to a high ranked host (the target weed), 
such as occurs in a choice test, an agent is less likely 
to accept a lower ranked host and thus a false negative 
may occur, as is the case for Bruchidius villosus in New 
Zealand (Fowler et al. 2000). 

Aconophora compressa was tested using choice 
tests (Palmer et al. 1996). Since its release against L. 
camara, A. compressa has attacked many non-target 
species including Duranta erecta L., Eremophila spp., 
Jacaranda mimosifolia D.Don, Clerodendrum ugan-
dense Prain., Myoporum spp., Pandorea spp. and 
Avicennia marina (Forsk.) Vierh. During pre-release 
testing A. compressa was not found on Pandorea sp., 
Clerodendrum sp. or A. marina (Palmer et al. 1996). 
It is suggested that the results from the host hosting 
involving these species were false negatives. 

The majority of non-target attacks by A. compressa 
have been on feeding hosts (Anon. 2003) and the im-
pact to many species has been minor. Citharexylum 
spinosum, however, appears to be a breeding host. This 
West Indian tree is in the same family as L. camara 
(Verbenaceae) and was widely planted in gardens 
along the east coast of Australia during the 1970s and 
1980s (Anon. 2003). In the Brisbane area, attack by 
A. compressa has completely defoliated many trees 
(pers. obs). The authors are investigating the impact 
of this attack.

Citharexylum spinosum was not included on the 
host test list for A. compressa (Palmer et al. 1996). 
Given the close relationship of C. spinosum to L. ca-
mara and its use as a garden plant, the question must 
be asked as to how the species could be overlooked, 
not only by the testers but also the 22 state and federal 
agencies that reviewed and supported both the test list 

and the release application. Had C. spinosum been a 
rare native and/or the attack by A. compressa been 
sustained and caused plant death the consequences 
may have been dire.

The non-target attack of Neptunia major (Benth.) 
Windler is currently being investigated by the authors. 
A native relative of Mimosa pigra L., N. major is be-
ing attacked by Neurostrota gunniella Busck, which 
was released against M. pigra. This is one of four 
cases identifi ed as high risk by Willis et al. (2003). A 
second case, also being investigated by the authors, 
involves the attack of native Rumex spp., particularly 
R. stenoglottis and R. drummondii, by Phropteron do-
ryliformis (Ochsenheimer), an agent released against 
weedy exotic Rumex spp. 

These examples have highlighted just a few of the 
many facets of host testing that can infl uence predic-
tions. We plan to investigate the factors mentioned 
here as well as many others that may potentially infl u-
ence the accuracy of host testing. Once complete, this 
study will provide valuable insight into the accuracy 
of host specifi city testing of weed biocontrol agents in 
Australia and will identify the means by which testing 
methods can be further refi ned.
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