
Session 2:  Emerging Issues in Regulation of 
Biological Control





   75

XIII International Symposium on Biological Control of Weeds - 2011

Session 2 Emerging Issues in Regulation of Biological Control

Why the New Zealand Regulatory System for Introducing  
New Biological Control Agents Works

 
R. Hill1, D. Campbell2, L. Hayes3, S. Corin2 and S. Fowler3

 

1Richard Hill & Associates, Private Bag 4704, Christchurch 8140, New Zealand
richard.hill@plantandfood.co.nz
2Environmental Protection Authority, PO Box 131, Wellington 6140, New Zealand
donna.campbell@epa.govt.nz    steven.corin@epa.govt.nz
3Landcare Research, PO Box 40, Lincoln 7640, New Zealand 
hayesl@landcareresearch.co.nz    fowlers@landcareresearch.co.nz 

Abstract
 
For the past 12 years, New Zealand has operated the most comprehensive and internationally 
admired regime for regulating the introduction of new organisms. Using this system, which 
is based on the premise that the benefit of introduction must outweigh any risks, 21 species 
of biocontrol agent have been approved, and no applications have been declined. Over the 
same period the rate of introduction of biocontrol agents into other jurisdictions worldwide 
appears to have declined. This paper discusses why the Hazardous Substances and New 
Organisms Act has been an effective and efficient statute for managing the introduction of new 
organisms, including: founding documents that defined the initial standards for decision-
making, the use of formal analysis to weigh the risks and costs of a proposed introduction 
against the benefits, legal deadlines that bind the regulator, the independence of the regulator, 
commitment to genuine public participation in decision-making, and the cooperative 
culture of the regulatory agency. Despite these successes, some practitioners claim that it may 
encourage a conservative approach, limiting investigation of agents to those that are sure to 
be approved. The regulations may also be limiting the types and number of biocontrol agents 
being introduced into New Zealand. This paper therefore discusses new developments that 
will facilitate the introduction of agents while still satisfying the regulatory requirements.

Introduction
 

New regulations for the introduction of new 
biocontrol agents into New Zealand came into effect 
in 1998. It was initially thought that the new process 
would be onerous and expensive for applicants, 
resulting in a decline in biological control activity 
(Fowler et al., 2000). In fact, for applicants seeking 
to introduce biocontrol agents for weeds, the process 
has evolved into a stable, effective and manageable 
(although still costly) regulatory regime. This paper 
identifies and discusses the features that have been 
largely responsible for the success of this regime, 

namely the nature of the legislation and the decision-
making framework, the use of formal risk assessment 
and cost–benefit analysis, statutory time frames for 
decision-making, independence of the regulator, 
and public participation in decision-making.

While the regulatory process has been 
particularly helpful for the biological control of 
weeds, others have found the process less accessible, 
and recent changes to accommodate their concerns 
are discussed. The work of Environmental Risk 
Management Authority (ERMA) has recently been 
subsumed into a new, wider-reaching Environmental 
Protection Authority (EPA). The powers and 
operations of ERMA are expected to transfer 
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seamlessly, but how the rise of the EPA might affect 
the current regulatory environment is also discussed.

 
The regulatory framework

 
The Hazardous Substances and New Organisms Act 
(HSNO Act) became law in 1996 (Goldson et al., 
2010; Pottinger and Morgan, 2008). The central tenet 
of the Act is that the same risk assessment criteria can 
be applied to a wide range of human activities that 
impact on the New Zealand environment and society. 
As a result, the Act regulates not only the introduction 
of all exotic organisms (for whatever purpose) and all 
genetic modification, but also activities as diverse as 
the licensing of pesticides, and the storage of explosives 
and fireworks. The ‘new organisms’ provisions of the 
HSNO Act that regulate biocontrol agents came into 
force in 1998.

The Act required the establishment of: 

1. A six to eight member authority (the Envi-
ronmental Risk Management Authority, or 
ERMA) appointed by the government. The 
Authority had the considerable powers of a 
commission of inquiry, and members had 
the same immunities and privileges as those 

of a lower court judge when making deci-
sions. These powers and responsibilities have 
now passed to the EPA. Its decisions can be 
challenged judicially, but only on points of 
law. In other words, a court cannot overturn 
a decision, only refer it back for reconsidera-
tion if it deems that correct processes have 
not been followed.

2. A Māori advisory board (Ngā Kaihautū Ti-
kanga Taiao), tasked with advising the Au-
thority and ensuring that the regulatory 
process reflected the concept of partnership 
between the Crown (the government) and 
the indigenous people as implied in the Trea-
ty of Waitangi of 1840.

3. An agency of the public service (called 
ERMA New Zealand, but not to be con-
fused with the Authority itself) to facilitate 
and evaluate applications, manage the regu-
latory process, and make recommendations 
to the Authority.

4. A methodology interpreting the require-
ments of the HSNO Act for applicants and 
for the Authority. The key features of the 
methodology are listed in Table 1.

When considering an application the decision-maker must recognise and take into account a range of risks, 
costs, benefits and other impacts including:

•	 The safeguarding of the life-supporting capacity of air, water, soil and ecosystems

•	 The maintenance and enhancement of the capacity of people and communities to provide for:

o Their own economic, social and cultural wellbeing

o Reasonably foreseeable needs of future generations

•	 The sustainability of all native and valued introduced flora and fauna

•	 The intrinsic value of ecosystems

•	 Public health

•	 The relationship of Māori and their culture and traditions with their ancestral lands, water, sites, wahi 
tapu (special places), valued flora and fauna, and other taonga (important spiritual and material values)

•	 The economic and related benefits

•	 New Zealand’s international obligations

•	 The ability of the organism to establish an undesirable self-sustaining population anywhere in New 
Zealand, and the ease with which it could be eradicated

Table 1. Features of the Hazardous Substances and New Organisms (Methodology) Order 1998 
that must be applied to decisions to introduce a new organism. The costs and benefits are those 
that relate to New Zealand and would arise as a consequence of approving the application.
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Attributes contributing to the success 
of the regulatory process

 
At first, the new regime proved difficult for both 
applicants and agency staff as they came to grips 
with the requirements of the legislation. This appears 
to remain a deterrent for those seeking to establish 
invertebrates as control agents of insect pests as only 
four such applications have been submitted since 
1999. However, applicants seeking to introduce 
agents for weed control persevered through this 

period, working collaboratively with the agency in 
the evolution of what has become a highly effective 
regulatory process. Since 1999 application has been 
made to introduce 21 agents to attack ten weeds 
and four pest insects (Table 2). Five of those targets 
have been novel (not previously targeted elsewhere 
in the world) and one of the agents was a pathogen. 
Weed biocontrol researchers were also involved in 
the recent application to introduce 11 species of 
scarabaeid beetles to improve the efficiency of dung 
removal from New Zealand’s pastoral landscape. No 
applications have been declined (Table 2).

When evaluating the risks, costs and benefits of the organism, the decision-maker must:

• Use recognized risk identification, assessment, evaluation, and management techniques, and must take 
into account.

○    The nature of the effect, including monetary and non-monetary costs and benefits

○    The probability of occurrence and the magnitude of each risk, cost and benefit

○    The distributional effects of the costs and benefits over time, space and groups in the community

○    The uncertainty bounds on the information

○    Any submissions received, and the applicant’s assessment and proposals for managing the risks

○    Consider the scientific evidence, and the degree of uncertainty associated with the evidence

The decision-maker must be cautious if there is:

•	 Unresolved scientific or technical uncertainty relating to potential adverse effects 

•	 Disputed scientific or technical information
The decision-maker must have regard to the following risk characteristics:

•	 Exposure to the risk is involuntary

•	 The risk will persist over time

•	 The risk is subject to uncontrollable spread

•	 The potential adverse effects are irreversible

•	 The risk is not known or understood by the general public
The decision-maker may approve an application where:

•    The organism poses negligible risks to the environment and human health and safety

•    OR The risk and costs of the organism are outweighed by the benefits

The decision-maker must decline an application where the organism is likely to cause:

•	 Significant displacement of any native species within its natural habitat

•	 Significant deterioration of natural habitats

•	 Significant adverse effects on human health

•	 Significant adverse effects on New Zealand’s inherent genetic diversity

•	 Disease, be parasitic, or become a vector for human, animal, or plant disease (unless this is the aim).
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Documents defined the initial stan-
dards for making decisions

 
The methodology order (ERMA, 1998) set out 
the standards by which the regulatory framework 
was to operate. It laid out guiding principles and 
protocols implicit in the Act for environmental risk 
assessment, and a set of minimum standards with 
which applications must comply. In particular, it 
defined what issues applicants should address to 
produce a credible application (Table 1). It also let 

the agency assist applicants in the preparation of 
applications. A range of detailed technical guides 
were prepared on a wide range of topics, such as 
how to assess qualitative risks and benefits, or how 
to measure potential benefits. The methodology and 
other publicly available policy documents provided 
a stable and coherent initial reference point. This 
documentation prevented the early development 
of arbitrary interpretations of the Act by decision-
makers, and fixed standards through time. This was 
vital to the development of the process initially. 

Target Category/Species Agents Year of approval Working days  
to approval

Biocontrol of weeds:

Ageratina riparia Procecidochares alani 2000 109

Pilosella spp. Macrolabis pilosellae 2001 135

Cheilosia urbana

Cheilosia psilophthalma

Buddleja davidii Cleopus japonicus 2005 473

Chrysanthemoides monilifera Tortrix s.l.sp. 2005 111

Jacobaea vulgaris Cochylis atricapitana 2005 119

Platyptilia isodactylis

Cytisus scoparius Agonopterix assimilella 2006 93

Gonioctena olivacea

Cirsium arvense Cassida rubiginosa 2007 71

Ceratapion onopordi

Tradescantia fluminensis Neolema ogloblini 2008 210

Solanum mauritianum Gargaphia decoris 2009 109

Nassella neesiana Uromyces pencanus 2011 68

Tradescantia fluminensis Lema basicostata 2011 77

Neolema abbreviata

Biocontrol of insect pests:

Mealy bug Pseudaphycus maculipennis 2000 83

Heliothrips haemorrhoidalis Thripobius semiluteus 2000 45

Sitona lepidus Microctonus aethiopoides 2005 121

Uraba lugens Cotesia urabae 2010 55

Removal of ruminant dung:

Ruminant dung 11 scarabaeid species 2011 77

Table 2. Applications approved under the HSNO Act 1996 for the release into New Zealand 
of biocontrol agents for weeds, insect pests and ruminant dung, and time to decision.
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However, the culture of application and evaluation 
has evolved, and case history has accumulated. EPA 
staff now consider some of these documents to be 
too prescriptive to govern modern decision-making, 
and these have been withdrawn.

Decisions must be based on  
recognized techniques for risk–cost–benefit 
(RCB) analysis 

 
At the core of the New Zealand system is the principle 
that if the benefit of an introduction sufficiently 
outweighs the adverse effects, then that action should 
be allowed. This differs from many other jurisdictions 
worldwide where the quantum of risk is the primary 
factor considered, with little or no regard for potential 
benefit. The HSNO Act requires the Authority and 
the agency to use recognized risk identification, 
assessment, evaluation, and management techniques 
in their consideration of applications.
 
The regulator must meet deadlines  
set by legislation

 
Statutory time frames remove delay as a means of 
avoiding decisions. Once an application has been 
lodged, the Act compels the regulator to meet a 
set of five deadlines in the evaluation process. The 
regulator does not have the option of not making a 
decision. A decision on an application must be made 
within 100 working days of submission (Table 3). If 
the agency finds that it is likely to breach the deadlines 
for any of the steps in the evaluation process, it must 
seek the permission of the applicant to extend the 
period. In the only exception to this, the Authority 
may decide that additional information is required 
to make a rational decision, and may ‘stop the clock’ 
while this information is obtained. This provision 
has been used only rarely (Kay et al., 2008).
 
Independence of the  
decision-making authority

 
Although government appointed, the Authority acts 
autonomously, advised (but not instructed) by the 
agency, with input from experts if required. Decisions 
made by the Authority cannot be overturned by 
the courts. This independence gives the Authority 

strength to resist rogue political, economic, 
conservationist or other activist influences 
that might affect the decision-making process. 
This is reinforced by the instructions of the 
Act about how the Authority should behave. 

The regulator promotes genuine public par-
ticipation in decision-making

 
From the outset, the HSNO Act has required that 
the application and evaluation process should be 
open, transparent, and public (ERMA, 1998). The 
agency has encouraged applicants to engage with 
affected parties long before the application is written 
to ensure that all issues are identified and addressed 
in the application process. In particular, applicants 
are required to consult with the indigenous people 
(Māori) to ensure that their specific concerns are 
addressed, and that the application process conforms 
to the principles of the Treaty of Waitangi. In 
addition, all applications to release biocontrol agents 
are then open for public submission for 30 working 
days (Table 3). This allows those consulted to assess 
whether their concerns have been adequately 
presented or not, and gives any other organizations 
or members of the public the opportunity to make 
a submission in favor or in opposition to the 
application. If any submitter asks for it, a public 
hearing before the Authority must be convened.

This high degree of public involvement, coupled 
with the professionalism of the agency and the 
acknowledged independence of the decision-making 
body, has established a high degree of trust between 
applicants, the public and the decision-makers. 
However, the finality of the Authority’s decision then 
provides an absolute endpoint to public involvement. 
The process leaves no stone unturned, but in the end, 
the regulator’s decision is final.
 
The culture of the agency has facilitated ap-
plications

 
The Authority has a responsibility to do what is best 
for New Zealand. In accordance with the Act, the 
agency actively assists applicants in the development 
of applications, but critically, this assistance focuses 
on helping an application to succeed, as long as 
conditions are met. The risk profiles of applications 
to introduce control agents for weeds are very 
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similar. As case history has grown, the agency and 
the Authority have become increasingly confident in 
their ability to assess the risk of these applications, 
without the support of detailed information. 
A constant in its recent evolution has been the 
commitment of the agency to making the application 
process easier and less expensive for all.
 
Has the HSNO Act been universally positive 
for applicants?

 
The culture of the agency has been to remove barriers 
to applications, and a range of potential applicants 
were recently interviewed to identify factors that 
limit their willingness to make applications. The key 
issues identified were the cost and the bureaucratic 
nature of the regulatory process, the level of evidence 
required to complete an application, attitudes to 
uncertainty, and the consequences of a submitted 
application failing (Campbell, 2010).

 The agency currently covers approximately 
80% of the cost of a proposal, and the applicant the 
remaining 20%. The application fee was recently 
halved, and the evolution towards a simpler 
system has continued the downwards trend in 
both application cost and processing time. The 
fees for submitting proposals to decision-makers 
are still considerable (typically NZ $18,000) and 
smaller entities regard cost as a significant barrier to 
application.

The current regime was instituted during a time 
when the regulatory atmosphere was conservative. 
This led to a very technical and bureaucratic process. 

An example of such is the technical guides and 
methodology mentioned earlier. At the time these 
helped define expectations of applicants and the 
process that would be followed. The documents were 
complex, dense and voluminous but at the same time 
they were stable and were used for almost a decade 
without significant change. It now appears what once 
was useful is now holding back the further evolution 
of the legislation in practice. On the other hand, the 
system has provided certainty and assurance. An 
applicant knows that if historic methods are used, 
the approval of a proposal is highly likely.

Costs of application arise not only from the 
regulatory process, but also from preparation and 
technical input. The most prohibitive of these has 
been the use of complex safety-testing experiments. 
Though not necessarily a requirement, a culture 
has developed among researchers and decision-
makers that ensures scientifically validated host-
range testing is now an expectation of all proposals. 
The Act allows for the possibility of making an 
application without such information, but this is an 
option that has not yet been explored by applicants.

However, the way the legislation, including the 
methodology, is drafted also creates problems for 
applicants. The legislation takes a strong position 
around uncertainty. It asks that a precautionary 
approach is taken which many have taken to mean 
that an absence of evidence is evidence of risk.

Finally, among researchers there is a large 
belief that having a proposal declined would inflict 
reputational damage, and many do not want to take 
the risk.

Regulatory step
Working days  

per step
Working days  

following submission
Application officially received, checked and accepted. Appli-
cation widely advertised to seek submissions from the public, 
and made available on the Web (epa.govt.nz)

10 10

Public submissions closed 30 40
Evaluation and review by EPA staff, advice provided to the 
decision-maker, public hearing held if required

30 70

Consideration of the application by the decision-maker, and 
public notification of written decision 

30 100

 

Table 3. Maximum time available for steps in the regulatory process to introduce a new organism under the 
Hazardous Substances and New Organisms Act 1996.
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If you combine prohibitive cost, a requirement 
for specialist and technical knowledge, conservative 
decision-makers, conservative legislation and 
conservative researchers you undoubtedly end up 
with a very conservative system. The jury is still out, 
but there is the possibility that this has led to New 
Zealand missing out on useful biocontrol agents. At 
a time when biodiversity loss is increasing, the cost 
of not releasing biocontrol agents to control pests 
and weeds is certainly not something that should be 
ignored.
 
Future of the regulatory process

 
The EPA wants to make the innovation chain, from 
picking a potential agent through to its release into 
the environment, more efficient by reducing barriers 
to successful application. For example, ERMA/EPA 
recently agreed to a broad approval for importing into 
containment any invertebrate that is a prospective 
weed biocontrol agent. Species-by-species approvals 
are no longer required. Work is underway to extend 
this to biocontrol agents for all pests and their hosts. 
This will reduce waiting time and the burden of fees.

Work is continuing to reduce the costs 
associated with a release application. This focus has 
recently been to move away from much of the past 
practice. This practice has been technical in nature 
and attempted to take a one size fits all approach. 
The EPA sees reliance on host range testing as a 
case in point. While necessary for many cases, the 
regulators are questioning the perception that host 
range testing is a prerequisite for an application. For 
example, it has been used in instances to test the host 
range of generalist predators to little if any benefit. 
Allowing the application process to become more 
case specific and less of a box-ticking exercise is 
aimed at reducing the burden of time and cost.

However, perhaps of more importance to the EPA 
is building a stronger applicant community. Bringing 
practitioners together gives their voice much more 
power than being separated as individuals. It also 
identifies common and recurring issues that can be 
solved. In future this group may also become the 
applicant, rather than using individual organizations. 
This allows the reputational risk to be shared among 
the group.

Finally, for this good work to continue, both 
the EPA and applicants consider it vital to continue 

building trust in the decisions made. This is a very 
public process in a very democratic society. People 
need to feel comfortable with the decisions made. 
In order to make this a reality the EPA strives to 
make all documentation simple, readable and plain. 
Everyone needs to be able to understand the issues 
before confidence can be built. In future, greater 
emphasis will also be placed on working with 
stakeholders outside the formal process. Interacting 
with government agencies can be bureaucratic, 
intimidating and a very slow process. Working with 
people outside these formal channels allows more 
freedom for discussion and the ability to generate a 
genuine dialogue.

 
Discussion

 
        Globally, despite well-developed regulatory 
processes (Sheppard et al., 2003; De Clerck-Floate 
et al., 2006) and active revision of those processes 
(e.g., Hunt et al., 2008; Palmer, this volume), gaining 
approval for the introduction of a biocontrol agent 
into at least some jurisdictions appears to be subject 
to delays, or is becoming increasingly difficult 
(Sheppard et al., 2003; Klein et al., 2011). The key 
impediments vary from country to country, but 
include: preoccupation with the harm that biological 
control can do rather than the benefits it can 
provide; increasing demands for evidence of safety; 
lack of capacity or appropriate focus in key decision-
making positions; the involvement of a multitude 
of organizations that must consider applications 
sequentially (or at least separately) and the need 
for dual approvals; reliance on the goodwill and/
or knowledge of individuals within the regulatory 
process rather than a firm framework; and the 
influence of federalism and the need to take account 
of continental neighbors.

By contrast, the HSNO Act and ERMA/EPA 
have provided 13 years of stable, rational and open 
decision-making about biocontrol agents. In recent 
cases involving control agents for weeds there 
has been sufficient trust by the public in both the 
applicants and the regulatory process that the level 
of public participation has actually declined, and 
there has only been one public hearing required 
for the five applications lodged since 2007 whereas 
hearings were the norm before this. Apart from the 
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key characteristics of the process discussed in this 
paper, it is likely that other factors contribute to the 
efficiency of the regulatory process in New Zealand, 
including small population size and efficient 
networking, a pragmatic conservation lobby, the 
simplicity of unicameral government, and isolation 
from neighboring countries.

The demise of ERMA and the assumption of its 
roles by the EPA pose threats to the integrity of this 
approval process for biocontrol agents. However, 
the HSNO Act remains, and so key tenets of the Act 
such as the information requirements, statutory time 
frames, and the use of RCB analysis also remain. The 
revision of the process and its translation to a new 
authority must protect the features of the process 
that have made it so successful. ‘New organisms’ 
applications will become a smaller part of the 
business of environmental risk management under 
the EPA, and may be susceptible to changes in culture. 
Similarly, the regulatory process is being simplified 
to remove barriers to applicants and to reduce costs. 
This has seen the withdrawal of the written guidance, 
the simplification of applications, and increased 
reliance of applicants on agency staff for advice. This 
risks inconsistency in approaches with changes in 
agency personnel, and reduced public trust if the 
amount of information immediately available to the 
public reduces.

As New Zealand’s regulatory process for 
new biocontrol agents evolves, the challenge for 
applicants and EPA staff will be to guard against 
variation over time in standards for judging 
applications, loss of institutional memory and 
corporate culture as processes migrate to the new 
organization, loss of a public framework to guide 
applicants and regulators, and loss of public trust 
in the process. EPA staff and applicants are working 
together to ensure this transition occurs safely. 
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Abstract 

In 2010 Biosecurity Australia introduced new procedures for evaluating applications to 
approve release of biocontrol agents in Australia under the Quarantine Act 1908.  The 
first organism treated under the new system was the leaf beetle, Plectonycha correntina 
Lacordaire, for biocontrol of Madeira vine, Anredera cordifolia (Tenore) Steenis.  This 
case is used to describe Australia’s current protocols for release.  Conflicts of interest 
can still be resolved by the Biological Control Act 1984  which was introduced to allow 
continuation of the project for Paterson’s curse (Echium plantagineum L.). After Paterson’s 
curse was declared a target organism and eight insect species declared agent organisms 
in 1987, blackberry (Rubus fruticosus L.) and rabbits (Oryctolagus cuniculus L.) were later 
declared as target organisms in 1987 and 1995 respectively.  No other cases have been 
considered under the Act.  A case is presently being prepared by Queensland to declare 
mother-of-millions, Bryophyllum delagoense (Eckl. and Zeyh.) Schinz, as a target and 
the weevil Osphilia tenuipes (Fairmaire) as an agent under the Act because the weevil 
may attack closely related exotic ornamentals.  This test case will provide perspective 
about the usefulness of the Act for weed biocontrol in Australia and internationally.  

Introduction
 

As in other countries, Australia’s protocols for 
approving the release of biological control agents are 
ever evolving.  Early biological control projects were 
lantana (Day et al., 2003) and prickly pear (Dodd, 
1940), both of which began before the First World 
War.  The first four lantana insects were introduced 
and released in Australia on the basis that they 
appeared host specific and had not attacked non-
targets in Hawaii after their release there a decade 
earlier.  Host testing was undertaken for the prickly 
pear insects in the 1920s but the Prickly Pear Board 
decided that it would give the approvals to release, 
rather than the officer-in-charge of the scientific 

investigation (Anon., 1923).  No regulatory agency 
was involved at that stage and the Board also 
requested legislation to prevent individuals making 
their own importations and releases (Anon, 1923).  
As time progressed the approval process became 
more rigorous (McFadyen, 1997; McLaren et al., 
2006).  

This paper describes Australia’s current 
arrangements using the leaf beetle Plectonychya 
correntina Lacordaire for illustration.  The paper 
also provides an update on the use of the Biological 
Control Act 1984, which provides a mechanism for 
resolving conflicts of interest, whether regarding the 
target weed or the candidate biological control agent.
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Standard procedures leading to release 

Approval of a weed as a target for  
biological control

 
Regulatory agencies (and often funding bodies for 
the research) require that a weed be approved as 
a target for biological control to ensure that any 
beneficial uses of the plant are noted.  Generally 
a weed would not be approved as a target if it had 
significant beneficial uses or if it were a native plant. 
The process has been that an agency makes written 
application to the Australian Weeds Committee, 
which considers the application and also notifies 
all of the Australian jurisdictions.  It then makes 
a recommendation to the Standing Committee (a 
committee of departmental heads of all relevant 
federal and state jurisdictions) for approval by 
Standing Committee.  In 2011 Standing Committee 
delegated responsibility to approve targets to the 
Australian Weeds Committee.  

Madeira vine, Anredera cordifolia (Tenore) 
Steenis, is a serious weed along the east coast of 
Australia and elsewhere in the world (Vivian-Smith 
et al., 2007).  It was approved as a target in May 2007 
by the Natural Resource Management Standing 
Committee following an application submitted in 
April 2005 and subsequent recommendation from 
Australian Weed Committee.  
 
Approval to import agents into  
Australian quarantine facilities

 
Two federal agencies, the Australian Quarantine 
and Inspection Service (AQIS), acting on 
recommendation by Biosecurity Australia (BA) 
(both part of the Biosecurity Services Group, 
Department of Agriculture, Fisheries and Forestry) 
and the Department of Sustainability, Environment, 
Water, Population and Communities (SEWPC) issue 
permits for biological control agents to be imported 
into approved quarantine premises.  These actions 
are made under the authority of the Quarantine Act 
1908 and the Environment Protection and Biodiversity 
Conservation Act 1999 respectively.  Obtaining these 
permits is a relatively straightforward procedure, 
with the major consideration being the security of the 
quarantine facilities and associated arrangements.

Following approval of Madeira vine as a target, 
the leaf feeding beetle, Plectonycha correntina 
Lacordaire, was selected as the first candidate for 
testing.  This chrysomelid was known to have 
a limited host range, to be multivoltine, and to 
attack the plant in both larval and adult stages 
(Cagnotti et al., 2007).  Permits from both agencies 
were obtained within 2 months of application. 

Approval to release agents from  
quarantine facilities

 
AQIS approves releases of biological control agents 
under the Quarantine Act but does so following a 
recommendation from BA.  Until 2009, applications 
to release agents were reviewed for BA by 21 
cooperators, drawn from all the jurisdictions and 
including representatives of all the weed biocontrol 
groups.  Essentially the release application needed 
the support of all the cooperators before BA would 
recommend release.

In 2009, BA adopted new procedures.  All 
applications are now reviewed within a formal 
risk assessment framework for imported goods 
(Australian Government Department of Agriculture, 
Fisheries and Forestry, 2011). Within that framework 
they have so far been treated as non-regulated cases 
of existing policy rather than as standard Import 
Risk Analyses (IRA).  The essential steps of the non-
regulated process are similar to an IRA and they are: 
(1) provisional assessment and recommendation by 
BA, (2) posting of the application and provisional 
assessment on the web for 50 working days, (3) 
consideration by BA of any objections to the release 
and (4) recommendation to AQIS to approve (or 
deny) the release.

SEWPC independently ascertains whether the 
proposed agent will harm Australia’s flora or fauna.  
The SEWPC process is to post the application on 
their web site for stakeholder comment, to write 
to all appropriate jurisdictions, and to consider 
the recommendation of BA before deciding upon 
further import and release of the agent.  Under 
the terms of the Environment Protection and 
Biodiversity Conservation Act 1999 the Minister 
must sign the approval within 30 business days 
and there is provision for the decision to be tabled 
as a disallowable instrument in both Houses of 
Parliament for 15 sitting days.  This tabling has been 
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a concern for biocontrol practitioners as it can result 
in an additional delay of 6-9 months (depending on 
when Parliament sits) in the release of the agent.

It should be emphasized that both BA and 
SEWPC conduct risk analyses and not benefit/cost 
analysis.  They do not take into account the potential 
benefits of introducing the biocontrol agent and 
reject agents if there is significant risk to Australia’s 
economy or Australia’s flora or fauna.

Host testing of P. correntina, using 37 plant 
species, showed that the insect was specific to 
Madeira vine (Palmer, 2009).  Some adult feeding 
and very occasional larval development occurred 
on the closely related Ceylon spinach, Basella alba 
L.  This was interesting because Ceylon spinach 
is commonly grown as a vegetable by our Asian 
communities though there is little commercial trade.

Application to release P. correntina was made to 
both agencies in December 2009, and this agent was 
the first to be considered under BA’s new procedures.  
In November 2010, AQIS advised that the insect 
could be released.  The 11 months taken to process 
the application was longer than might be expected in 
the future. The approval from SEWPC was received 
in February 2011. A very important change made 
was that SEWPC did not require the decision to sit 
in the Parliament before the approval took effect and 
that this requirement may no longer be necessary 
in non-controversial cases.  A final departmental 
approval was then obtained and the insect was 
released from quarantine in early April 2011, some 
16 months after application.

 
The Biological Control Acts

 
Madeira vine is an uncontroversial weed and 
P. correntina is a host specific agent. Together 
they provide a clear cut example with which to 
demonstrate Australia’s usual protocols for biocontrol 
agents.  In some instances there may be conflicts of 
interest associated with either the target weed or 
the specificity of the agent, such as the examples 
provided by Palmer (2003a; -2003b).  Australia can 
resolve these issues through the Biological Control 
Act 1984 (Cwlth) and the mirror legislation of each 
of the state jurisdictions.

The Biological Control Act 1984 was enacted as a 
response to the conflict that developed between most 

graziers, who regarded Patterson’s curse (Echium 
plantagineum L.) as a serious weed and apiarists 
who valued the plant for its honey.  Use of the Act 
allowed resolution of the Echium conflict (Anon., 
1985) in 1987, the blackberry issue in 1992 and the 
rabbit calici virus issue in 1995 (Anon., 1996).  These 
have been the only times the Act was applied over 16 
years ago.
 
The mother-of-millions case

 
Mother-of-millions, Bryophyllum delagoense (Eckl. 
& Zeyh.) Schinz, and its hybrid B. houghtonii (D. B. 
Ward) P. I. Forst. (Crassulaceae), became approved 
targets for biological control in 2001. Exploration 
for agents in Madagascar and southern Africa 
resulted in consideration of four agents as potential 
biological control agents (Witt et al., 2004; Witt 
and Rajaonarison, 2004).  Detailed host specificity 
testing of two agents and preliminary testing of 
the other two indicated that none was completely 
specific and all had narrow host ranges.  The host 
range of the weevil Osphilia tenuipes (Fairmaire) 
provides a typical profile.  Host testing indicated that 
O. tenuipes could utilize all Bryophyllum spp. found 
in Australia (all exotic), several of the closely related 
exotic Kalanchoe spp. and possibly a few other exotic 
Crassulaceae (Palmer, 2003a; -2003b).  It does not 
attack any native Australian plant.
 
Queensland’s actions 

Because Queensland believes that the benefits 
of controlling mother-of-millions far outweigh 
possible costs to the nursery industry and private 
gardeners, it has recently proposed to the Primary 
Industries Ministerial Council that all Bryophyllum 
spp. be declared target organisms and that the 
four insect species be declared agent organisms 
under the Queensland Biological Control Act 1987.  
This proposal was unanimously supported by the 
Ministerial Council in April 2011.
 
Future course 

The Queensland Minister for Agriculture, Food 
and Regional Economies who is the ‘Biological 
Control Authority’ for Queensland under the Act 
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will now ascertain whether there is significant 
community dissent about proceeding with biological 
control by releasing any of the insect species.  Should 
objections be significant, the Biological Control 
Authority would appoint a commission of enquiry 
to ascertain the relationship between the potential 
benefits of the biological control of the weed and the 
potential costs to the nursery industry should the 
insect become a pest.

Should there either be no significant objections 
to the releases or the commission of enquiry finds 
that the benefits outweigh the costs, the Biological 
Control Authority would recommend that the 
declarations be approved by unanimous agreement 
of Ministerial Council.

After the weeds and the insects are declared 
target organisms and agent organisms, respectively, 
under the Biological Control Act 1987, application 
would then be made to AQIS and SEWPC to 
approve the releases under the Quarantine Act 1908 
and the Environment Protection and Biodiversity 
Conservation Act 1999 respectively.
 
New ground 

This application through a Biological Control 
Act breaks new ground in three aspects. All 
previous applications under the Act have been 
taken retroactively after agent organisms had been 
released or had escaped.  This is the first application 
to be made completely a priori.

Previous applications have involved conflicts of 
interest with the target organisms, essentially when 
some stakeholders regarded the targeted species as 
beneficial.  This is the first application where the 
potential conflict about the lack of specificity of the 
candidate agents.

Australia’s first legislation providing resolution 
of these conflicts of interest was the Commonwealth’s 
Biological Control Act 1984 which was used for all 
three previous cases.  All of the state jurisdictions 
enacted mirror legislation (e.g. Queensland’s 
Biological Control Act 1987) but this will be the first 
use of state legislation and a state minister acting as 
the Biological Control Authority.

Discussion
 

Australia remains well placed to practise classical 
biological control, having appropriate legislation 
and protocols (summarized in Table 1) to assess 
applications in a reasonably rigorous and transparent 
fashion. Over the decades the process has become 
more rigorous (and onerous).  In the early 1980s it 
took 2-3 months to receive permission to release and 
that permission was given by a single entity.  Today 
we hope for permission in 9 to 12 months but quite 
often it takes longer.  

It is of course highly desirable for approvals 
to be obtained as quickly as good evaluation 
will allow.  There are significant costs and risks 
associated with the long term culturing of agents 
in quarantine, including the occupation of very 
valuable quarantine space, the labor costs associated 
the continued culture, the cost of continued control 
by stakeholders in the absence of the biocontrol, 
the risk that the culture could be lost or genetically 
modified, and even the risk that it might escape.  It 
is therefore hoped that further modifications can be 
made to Australia’s procedures to reduce the time 
taken by the decision making processes.
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Abstract 

Host specificity is one, if not the most critical attribute for any biological control agent to be 
considered for introduction into a new environment. Nevertheless, specificity is not always 
an absolute measure. The acceptability of any potential non-target effects will depend on 
a number of factors such as the extent of the non-target damage, the status of the affected 
species and the inherent characteristics of the receiving ecosystem; and, any decision for 
introduction will have to be based upon an encompassing risk – benefit analysis. The 
concept of “acceptable levels of host specificity” is illustrated using the case studies of three 
rust species which are currently under evaluation as potential classical biological control 
(CBC) agents for Australia: Puccinia lantanae Farlow from Peru for lantana, Lantana 
camara Linnaeus; Phakopsora jatrophicola Cummins from Mexico for bellyache bush, 
Jatropha gossypifolia Linnaeus; and Ravenelia acaciae-arabicae Mundkur & Thirumalachar 
from India for prickly acacia, Acacia nilotica ssp. indica (Linnaeus) Wildenow ex Delile. 
Based on the research conducted to date, the risks associated with the potential release 
of each individual pathogen as a CBC agent for Australia and, in the case of P. lantanae 
also for New Zealand and South Africa, are assessed. Finally, comparisons are drawn with 
the risk evaluation undertaken for two other rust pathogens, Maravalia cryptostegiae 
(Cummins) Y. Ono and Puccinia xanthii Schweinitz var. parthenii-hysterophorae Seier, 
H.C. Evans & Á. Romero, previously introduced for weed control into Australia.

Introduction
 

For a natural enemy to be employed as a classical 
biological control (CBC) agent against an invasive 
alien weed, it is essential to elucidate its potential 
host-range prior to consideration for release. 
Specificity testing of both arthropods and pathogens 
has routinely been undertaken according to the 
centrifugal phylogenetic procedure (Wapshere, 
1974), and constitutes a major component in a CBC 

program. More recently, Briese (2003) suggested that 
the degree of phylogenetic separation between test 
species and the target weed should also be taken into 
account when compiling test lists. Standard host-
range testing of fungal pathogens is conducted under 
optimum ambient conditions for host infection and 
disease development with respect to temperature 
and the length of the initial dew period, and by 
applying high inoculum loads of the infective spore 
stage. The aim of such an experimental set-up is to 
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establish the fundamental host range of a candidate 
agent as the widest possible range of hosts that a 
pathogen could infect and utilize to complete its life 
cycle. Based on results of this experimental host-
range screening, predictions can be made about the 
anticipated field host-specificity or ecological host 
range of a pathogen. Frequently, these have been 
shown to be narrower than fundamental host ranges 
of CBC agents, as optimum experimental conditions 
can create so-called “false positives” (Bruckart et al., 
1985; Evans et al., 2001). 

Risk analyses which are undertaken before the 
introduction of an agent into a new environment 
are based largely, but not exclusively, on the data 
generated during host-range testing. These analyses 
aim to weigh the perceived risks associated with such 
introductions, i.e. to the environment, the economy 
and/or the cultural background of the geographic 
region, against the anticipated benefits or positive 
impacts the agent will exert i.e. by controlling the 
target weed.  Equally, the risks posed through the 
introduction of a CBC agent will need to be balanced 
against the current and future environmental and/
or economic consequences due to the invasive 
weed, or the cost and impact of management with 
conventional control methods, such as herbicide 
applications (Harris, 1990; McFadyen, 1998). A risk 
assessment of a fungal pathogen needs to be based 
on its predicted ecological host range rather than its 
fundamental host range, by asking: “How likely is any 
non-target to come under attack in a field situation?”. 
Fungal pathogens which exhibit a fundamental host 
range limited exclusively to the target weed can 
easily be evaluated. More commonly encountered, 
however, are cases where pathogens have the 
potential to damage a limited number of non-target 
species under optimum conditions for infection 
and disease expression. In those cases, the “status” 
of a potentially affected non-target species becomes 
relevant i.e. whether the attacked plant species is 
native, naturalized or introduced; whether it is of 
ecological, economic and/or cultural importance; 
whether it occurs geographically separated from the 
target weed or grows sympatrically. Furthermore, 
the extent of the anticipated impact on a non-
target species will be of importance; the likelihood 
that exposure to infective propagules (e.g. airborne 
spores) will occur in the field and that conditions for 
infection and disease development will be met given 

prevailing geographic and climatic conditions, also 
needs to be considered. For example, an endemic 
plant species, of high biodiversity importance, 
growing in close proximity to stands of the targeted 
invasive weeds, will raise more concern if damaged 
by a newly introduced CBC agent, than a non-native 
species of minor economic value, cultivated in a 
separated geographic region with different climatic 
conditions. 

Thus, infection of a non-target species under 
controlled or artificial conditions does not necessarily 
preclude the introduction of the agent. The following 
case studies of rust species undergoing, or having 
undergone evaluation as CBC  agents for Australia 
- and for one case also for New Zealand and South 
Africa - illustrate  the concept of “acceptable level of 
host specificity” and highlight how this depends on 
specific circumstances.

 
Case studies

 
Rust pathogens currently undergoing evalua-
tion as potential biocontrol agents
 
Phakopsora jatrophicola for control of belly-
ache bush, Jatropha gossypifolia 

 
     Jatropha gossypifolia L. (Euphorbiaceae), native 
to the Caribbean rim and its islands, is an invasive 
weed in Queensland (QLD), as well as in Western 
Australia (WA) and the Northern Territory (NT) in 
Australia (Bebawi et al., 2007). In the native range, the 
macrocyclic rust Phakopsora jatrophicola Cummins 
is a widespread and damaging pathogen of bellyache 
bush, as well as of other selected Jatropha species, 
i.e. Jatropha curcas Linnaeus and J. integerrima 
Jaquin (Leahy, 2004; Farr and Rossman, 2011). Since 
2008, the rust has been evaluated as a potential 
biocontrol agent for Australia under quarantine 
conditions at CABI UK (CABI Europe - UK), 
using a urediniospore accession ex J. gossypifolia 
collected in the Mexican State of Veracruz (IMI 
397220). Following confirmation that all major 
Australian biotypes of bellyache bush tested were 
susceptible to this rust accession, preliminary host 
range testing commenced and included the biofuel 
species J. curcas, the ornamental species J. multifida 
Linnaeus, J. integerrima and J. podagrica Hooker, 
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as well as rubber (Hevea brasiliensis (Willdenow 
ex A. Jussieu) Müller Argoviensis and cassava 
(Manihot esculentum Crantz) as economically 
important members of the Euphorbiacae. Results 
showed J. multifida to be ‘fully susceptible’ 
(consistent sporulation) and J.  curcas to be 
‘partially susceptible’ (restricted sporulation) to the 
rust accession. Jatropha integerrima was classed as 
‘resistant’ (macroscopic necrotic symptoms, but no 
sporulation) or ‘partially susceptible’, depending on 
biotype, while J. podagrica was rated as ‘resistant’. 
Both rubber and cassava were immune (no 
symptoms). 

Despite P. jatrophicola being able to attack 
three non-target Jatropha species, full host-range 
testing of the rust was proposed, endorsed by the 
Queensland government, based on the following 
considerations. The genus Jatropha is introduced 
to Australia and J. integerrima, J. multifida and J. 
podagrica are ornamentals of minor importance. 
The important crop plants rubber and cassava are 
not susceptible. Infection of J. curcas, as having 
potential economic value as a biofuel crop, could 
cause concern; however, this species is a declared 
weed in QLD, NT and WA as well as an approved 
target for biocontrol nominated by the NT 
government. Importation of J. curcas into Australia 
is now prohibited by the Australian Quarantine and 
Inspection Service (AQIS). The species is currently 
not cultivated in Australia and, in view of its weed 
status, it is unlikely that J. curcas would become a 
major biofuel crop in Australia in the future. 

While P. jatrophicola is associated with 
different Jatropha species in the centre of origin, 
host-specificity studies indicated the existence 
of host-specialized accessions within this rust 
species. Jatropha curcas, a reported field host of 
the rust, was only partially susceptible towards the 
accession IMI 397220 ex J. gossypiifolia. Similarly, 
cross-infectivity studies using a Mexican rust 
accession of P. jatrophicola ex J. curcas (IMI 397097) 
against J. gossypiifolia caused limited sporulation 
on the latter host. Based on these observations, 
it was considered prudent to survey a range of 
different geographic locations for accessions 
of P. jatrophicola ex J. gossypiifolia potentially 
less virulent to J. curcas. A rust accession ex J. 
gossypiifolia from Trinidad (IMI 397 973), selected 

due to comparatively low virulence to J. curcas, 
is currently undergoing full host-range testing. 
 
Ravenelia acaciae-arabicae for control of 
prickly acacia, Acacia nilotica ssp. indica

 
     Prickly acacia, a member of the Leguminosae 
- Mimosoideae, is a major invader of arid and semi-
arid land in QLD. Survey work conducted in the 
Indian native range of this weed species found the 
macrocyclic galling rust species Ravenelia acaciae-
arabicae Mundkur & Thirumalacha to be virulent 
to A. nilotica ssp. indica (Linnaeus) Delile, while 
not attacking any other subspecies or other Acacia 
species (Dhileepan et al., 2010). Based on the damage 
inflicted on its host and its apparent field host-range, 
the rust was selected for further evaluation as a 
potential biocontrol agent. Preliminary host-range 
testing using a urediniospore accession of R. acaciae-
arabicae from Tamil Nadu, India (IMI 398973) 
against 17 selected Acacia species commenced 
under quarantine conditions at CABI UK in June 
2010. Susceptibility of the assessed Acacia species 
towards the rust was variable. Of those tested, 16 
species showed macroscopic symptoms ranging 
from mild to severe leaf chlorosis and/or necrosis, 
sometimes accompanied by strong polyphenolic 
plant reactions. Critically, the rust was able to 
sporulate with viable, infective urediniospores on 
the Queensland native species, Acacia sutherlandii 
(F. Mueller) F. Mueller. Although sporulation on 
A. sutherlandii was always accompanied by dark 
necrotic lesions, indicating that this non-target 
species is not a natural host, its susceptibility is, 
nevertheless, cause for concern. 

The risks posed by R. acaciae-arabicae to 
the important Australian native genus Acacia, 
particularly A. sutherlandii that grows sympatrically 
with the target weed prickly acacia in the field, 
was considered unacceptably high, and further 
assessments were put on hold. Instead, the focus 
has shifted towards a second rust species, Ravenelia 
evansii Sydow & P. Sydow, associated with prickly 
acacia in its native range, but predominantly 
present in north-western parts of India (Dhileepan 
et al., 2010; Shivas et al., 2011). The susceptibility of 
A. sutherlandii to this rust species is currently being 
evaluated.
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Puccinia lantanae for control of lantana, Lan-
tana camara
 
     Lantana (Verbenaceae), native to Central and 
South America, is one of the most widespread 
invasive plant species and has been a target for CBC 
for over a century (Day et al. 2003). In Australia, 
31 biological control agents have been introduced, 
including the highly host specific rust Prospodium 
tuberculatum (Spegazzini) Arthur in 2001 (Ellison 
et al., 2006; Thomas et al., 2006).  A second rust spe-
cies, the microcyclic rust Puccinia lantanae Farlow, 
is currently being screened in quarantine at CABI 
UK for potential introduction into Australia, New 
Zealand and South Africa. A damaging rust acces-
sion from the upper Amazon in Peru (IMI 398849), 
causing not only the typical leaf infection but also 
infection of the petioles, stems, and systemic infec-
tion of meristems, was assessed for its infectivity 
and virulence towards 30 weedy lantana forms from 
Australia, five from New Zealand and six from South 
Africa. A qualitative scoring system was used, based 
on the number and size of telial pustules formed after 
inoculation with a standardized spore dose. Of those 
screened, 18 forms were found to be fully susceptible 
(with examples from all three target countries); three 
as moderately susceptible and six as weakly suscepti-
ble (supporting limited telia formation); and 14 were 
rated as immune or resistant (unable to complete life 
cycle).

Host-range testing of the rust for Australia focused 
on plant species in the Verbenaceae.  None of the 
non-target species were found to be fully susceptible 
under optimum experimental conditions. However, 
one species (Lippia alba [P. Miller] N.E. Brown) 
was weakly susceptible and two (Phyla canescens 
[Kunth] Moldenke and Verbena officinalis Linnaeus 
[var. africana and var. gaudichaudii]) were weakly to 
moderately susceptible.  Only the infection of the two 
varieties of V. officinalis is considered relevant, since 
these two varieties are regarded as native to Australia 
and occur sympatrically with lantana; the other two 
susceptible species are introduced weeds. It was not 
possible to maintain a culture of the rust on these non-
target species and no infection was achieved when a 
low concentration of spores was applied. In addition, 
there was variation in the susceptibility of individual 
V. officinalis test plants, suggesting that in the field, 
natural resistance within wild populations is likely to 

mitigate any potential impact of the rust.  For New 
Zealand, where there are no native species within the 
plant family Verbenaceae, host-specificity testing has 
focused on native non-target species belonging to the 
closely related families Lamiaceae and Bignoniaceae, 
as well as other families in the Lamiales. All of the test 
species were classed as immune or resistant. Host-
range testing undertaken for South Africa is still 
on-going. Encouragingly, the native species Lantana 
rugosa Thunberg and three Lippia species potentially 
the most at risk, are rated as resistant to the rust. 

Given the variation in susceptibility of weedy 
lantana forms and the results of the host-range 
testing, the position on risks associated with a 
potential introduction of P. lantanae versus the 
anticipated benefits is likely to differ between the 
three countries concerned. For New Zealand, no 
apparent hurdles concerning introduction of the rust 
are anticipated and an application to release this rust 
is under preparation by Landcare Research (L. Hayes, 
pers. comm.). The same may apply to South Africa, 
providing none of the non-target species still to be 
assessed are attacked by the rust. Australia, however, 
has to deal with a more complex risk analysis, given 
the infection of the two native varieties of V. officinalis. 
The risk, albeit low, posed to this non-target species 
needs to be weighed against the likely impact the rust 
would have on lantana, given the resistance expressed 
by some of the forms. Further work under quarantine 
in planned, particularly to assess the impact of the rust 
on the growth of V. officinalis, prior to the preparation 
of an application to AQIS for its introduction. 
 
Rust pathogens previously evaluated and 
introduced into Australia 

A number of fungal pathogens considered as 
safe, based on a risk analysis have previously been 
introduced as CBC agents for weed biological 
control into Australia (Julien and Griffiths, 1998). 
Despite known non-target effects, the rubber-
vine rust, Maravalia cryptostegiae (Cummins) Y. 
Ono, and the parthenium summer rust, Puccinia 
xanthii  Schweinitz var. parthenii-hysterophorae 
Seier, H.C. Evans & Á. Romero, were regarded 
as having  an “acceptable level of host specificity” 
to be utilized as biocontrol agents in Australia. 
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Maravalia cryptostegiae for control of rubber-
vine 

Rubber-vine Cryptostegia grandiflora (Roxburgh 
ex. R. Brown) R. Brown, a Madagascan endemic be-
longing to the Apocynaceae - Asclepiadoideae, has 
been described as “the biggest single threat to natu-
ral ecosystems in tropical Australia” (McFadyen and 
Harvey, 1990). As part of a CBC program, the rust 
species M. cryptostegiae (Roxburgh ex R. Brown) R. 
Brown), infecting the weed in its native range, was 
evaluated as a promising biocontrol agent during a 
five-year study. Under optimum ambient conditions 
for infection and disease development, and by ap-
plying high urediniospore inoculum loads, the rust 
was able to infect and produce limited sporulation 
on the endangered Australian-native asclepiad spe-
cies, Cryptolepis grayi P.I. Forster (Evans and Tom-
ley, 1994). However, when simulating more realistic 
field conditions for infection, by using a wind tunnel 
for urediniospore dispersal, C. grayi showed no rust 
sporulation (Evans and Tomley, 1996). Based on these 
results, it was concluded that the fundamental host 
range of M. cryptostegiae is wider than the anticipated 
ecological host range and, thus, that C. grayi is un-
likely to come under attack in the field. Furthermore, 
the habitats of this Australian endemic and of the 
target weed rubber-vine have no geographic overlap, 
while the ecosystem which harbors C. grayi is itself 
under threat and likely to disappear in the foreseeable 
future (Evans, 2000). Weighing these considerations 
against the threat posed by the invasive rubber-vine 
to entire tropical ecosystems, the risk presented by 
the rust to C. grayi was considered acceptable and im-
portation of the pathogen was approved by AQIS in 
1994. Since its release, M. cryptostegiae (IMI 331455) 
has not been reported to attack any non-target species 
(Barton, 2004) and the cost-benefit ratio for agricul-
ture in QLD has been calculated as 108:1, with an ac-
crued benefit of AUS$ 232.5 million up to 2004 (Page 
and Lacey, 2006). Saving Australian ecosystems from 
rubber-vine will be priceless.
 
Puccinia xanthii var. parthenii-hysterophorae 
for control of parthenium weed

Following the introduction of the parthenium 
winter rust, Puccinia abrupta var. partheniicola 

(H.S. Jackson) Parmelee into Australia (Dhileepan 
and McFadyen 1997), a second microcyclic rust 
species, Puccinia xanthii var. parthenii-hysterophorae 
(Roxburgh ex R. Brown) R. Brown) (formerly 
P. melampodii Dietel & Holway) or parthenium 
summer rust, was evaluated as a complement for 
control of the highly invasive and allergenic weed 
parthenium, Parthenium hysterophorus Linnaeus 
(Asteraceae), in the more tropical regions of QLD. 
Comprehensive host-range testing of 80 non-target 
species under optimum conditions, showed that 
the asteraceous Australian-native species Flaveria 
australasica Hooker, as well as one commercial 
variety of Zinnia elegans Jacquin, were highly 
susceptible, supporting abundant sporulation of 
the summer rust. Helianthus argophyllus (D.C. 
Eaton) Torrey & A. Gray, Parthenium confertum A. 
Gray and two commercial varieties of Calendula 
officinalis Linnaeus proved to be moderately 
susceptible showing restricted sporulation (Seier 
et al., 1997). Subsequent wind-tunnel experiments 
conducted with H. argophyllus, and one susceptible 
variety of both Z. elegans and C. officinalis, resulted 
in restricted infection on C. officinalis only (Seier et 
al., 1997). As previously done for the rubber-vine 
rust, the risk analysis for P. xanthii var. parthenii-
hysterophorae was based on its apparent ecological 
host range as established in the wind-tunnel 
rather than its fundamental host range. Of further 
consideration was the fact that the susceptibility of 
crop and ornamental species to the rust was highly 
dependent on the variety, an observation which had 
already been documented by Morin et al. (1993) for 
an accession of Puccinia xanthii Schweinitz attacking 
the invasive weed Xanthium strumarium Linnaeus 
(Bathurst burr). This latter accession had previously 
been introduced into Australia by accident and had 
subsequently been noted to attack some cultivars 
of sunflower as well as F. australasica in the field 
(Alcorn and Kochman, 1976). Commercial damage 
to Australian sunflower crops, however, has not been 
recorded (J.K. Kochman, pers. comm.) and infection 
rates on F. australasica are generally low without 
any apparent impact on this species (K. Dhileepan, 
unpublished data). Based on the results of the host-
range testing for the parthenium summer rust, 
and the “unintentional” field experience with the 
accidentally introduced P. xanthii accession attacking 
Bathurst burr, P. xanthii var. parthenii-hysterophorae 
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(IMI 379934), then named P. melampodii, was 
approved for introduction into Australia in 1999. To 
date, no non-target effects have been reported (K. 
Dhileepan, unpublished data).

 
Conclusions 

The case studies presented here highlight the 
lack of an absolute measure for the required host 
specificity of a CBC agent, and raise the  concept 
of an “acceptable level of host specificity”, which is 
very much dependent on a variety of factors unique 
to each case. The status of, or the value put upon, 
a non-target species potentially under attack by a 
biocontrol agent, is of high relevance as illustrated 
in the case of Phakopsora jatrophicola. Australian 
authorities regard the risk posed to Jatropha curcas 
- a declared weed species in the country - and two 
ornamental Jatropha species of minor economic 
importance, as less critical when compared to the 
potential positive impact the rust may have on the 
invasive bellyache bush populations. Conversely, 
the anticipated damage to Acacia sutherlandii - a 
native species growing sympatrically with the target 
weed - by the rust Ravenelia acaciae-arabicae, is 
unlikely to be acceptable regardless of any potential 
benefit of the CBC agent. A risk analysis may also 
conclude that the level of damage to a desirable non-
target is acceptable.  For example, AQIS approved 
the introduction of the parthenium summer rust, 
despite the attack of one variety of Calendula 
officinalis. However, India, where C. officinalis is a 
highly valued species due to its cultural importance, 
is likely to view this differently. The importation 
of Puccinia xanthii var. parthenii-hysterophorae 
is unlikely to be endorsed, therefore, although 
Parthenium hysterophorus is an equally problematic 
weed as in Australia (Evans, 2000). The importance 
of geographic separation is demonstrated for the 
case of the rubber-vine rust. The introduction of the 
pathogen was approved despite potential damage 
to the endemic Cryptolepis grayi, partly because the 
target weed rubber-vine and the non-target have no 
overlap in their geographic ranges. The benefit to 
Australian ecosystems affected by invasive rubber-
vine was thus considered to outweigh the risk to an 
Australian endemic species.

It can be critical for a risk analysis to predict the 

ecological host range of a CBC agent as accurately 
as possible. This was demonstrated with rubber-vine 
rust and the parthenium summer rust, where wind-
tunnel experiments were conducted to provide more 
realistic field conditions for spore dispersal and 
infection. Inherent characteristics of the receiving 
environment, such as climatic conditions, can 
further narrow the ecological host range of an agent 
and need to be considered. 

Overall, the benefits of the introduction of a CBC 
agent have to significantly outweigh the associated 
risk to justify its introduction into a new environment. 
It is the aim of the risk analysis to establish this, and 
the decision is case specific. In the example of the 
lantana rust, from an Australian perspective, the 
fact that Puccinia lantanae only infects some of the  
important weedy lantana varieties, may influence 
the decision to introduce the rust, given its ability to 
cause limited sporulation on the two native varieties 
of Verbena officinalis. Conversely, for New Zealand 
and South Africa, where there is no apparent risk 
to non-target species, it is likely that the rust will be 
released despite it only attacking some of the weedy 
forms in these countries. 
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Abstract

 
2010 saw the release of the psyllid Aphalara itadori (Shinji, 1938) against Japanese 
knotweed, Polygonum cuspidatum Sieb. & Zucc. (=Fallopia japonica (Houtt. Dcne.), in 
England, arguably the first foray into weed biological control by any EU country.  This 
project took 21 years from concept to license and has cut a path through the regulations 
for future bio-controllers to follow.  This paper summarizes the lessons learned during 
the research and licensing phase of the project before providing the latest data from 
the on-going post-release monitoring plan.  Progress with the research on other 
European weed targets is presented and the reasons for their selection are discussed 
in an attempt to determine what the real drivers are in this new area of operation.
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Abstract
 
The aim of host range testing for biological control agents prior to their release is to assess the 
risk of non-target effects. The most robust tests are conducted under no-choice conditions 
and describe the fundamental host range of a species, which is generally broader than the 
realized host range assessed following the release of the agent. Therefore, it may overestimate 
the risk of non-target attack. Retrospective analyses of predicted versus realized host range 
of successfully established agents can provide insights into 1) the accuracy of pre-release 
predictions and 2) which test designs best predict an agent’s realized host range. This in turn 
may not only improve pre-release testing procedures and further increase safety but should 
also be acknowledged in current regulatory policies for the evaluation of classical biological 
control agent releases. We review examples of several successful biological control agents in 
North America and compare results of pre-release studies (predicted host range) with post-
release results (realized host range) as far as data exists. We conclude that predictions on 
potential non-target effects were generally accurate to conservative. In most instances non-
target attack was transitory, and either ceased with distance from mass outbreak areas of the 
agent or after successful control of the target. Under the current more stringent regulations 
with regard to weed biological control, many of the successful agents we reviewed would 
most likely not be released in the USA. Often, systematic post-release monitoring on 
potential non-target impacts or even target impacts has not been conducted. These data are 
limited because their collection is not necessarily mandated in regulatory policies or it may 
be mandated but without resource allocation. Systematic post-release monitoring of target 
and potential non-target impacts is, however, critical for balanced data-driven benefit-risk 
decisions regarding biological control implementation.    
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Abstract

In order to be approved by governmental regulatory agencies in USA, prospective biological 
control agents must be found to have no significant impact on non-target organisms or the 
environment.  Host specificity experiments are used to assess the risk that an agent poses 
to non-target plants.  However, the results of such experiments can vary widely depending 
on the experimental conditions, which range from highly artificial no-choice laboratory 
oviposition or development trials to natural field experiments.  The USDA-APHIS Technical 
Advisory Group (TAG) Reviewer’s Manual provides some guidance on how to interpret 
such data.  A recent example of a petition for Ceratapion basicorne (Illiger), a weevil that 
develops inside the root crown of yellow starthistle (Centaurea solstitialis L.), shows how 
such data can vary.  TAG interpreted the results to indicate that the insect would be safe to 
release.  However, the observation that some individuals can complete development under 
no-choice conditions on a crop plant, safflower, caused APHIS to deny a permit despite 
absence of attack during field experiments.  This raises the question of how reliable are the 
results of field experiments, and what data are necessary to show “no significant impact”.




