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Summary
Australia has produced one of the most
streamlined systems for the importa-
tion, testing and release of biological
control agents in the world. Protocols
were mainly developed as a result of
conflicts of interest that developed with
the Paterson’s curse controversy, where
some graziers and apiarists considered
this weed beneficial, however most gra-
ziers considered it a major weed prob-
lem. As a result of this controversy a fed-
eral act, the Biological Control Act 1984,
was passed and this legislation has been
backed by complementary legislation in
all states. This paper outlines the proce-
dure to be taken when undertaking a
biological control program i.e., the sci-
entific protocols of a ‘classical’ biologi-
cal control program, from the identifica-
tion of the weed as a problem and a pos-
sible target for biological control to the
release of the introduced agent into the
field, and the administrative protocols
that have to be followed before the agent
is introduced into quarantine or released
from quarantine.

Introduction
The concepts of biological control are not
new, most of the early records refer to the
use of parasites and predators to control
insects. The earliest recorded use of a
predator as a biological control agent is
that of the ant, Oecophylla smaragdina, to
control caterpillars and large beetles of
Citrus groves in ancient China (Harley
and Forno 1992).

Biological control of weeds has devel-
oped since the first major program com-
menced in 1902, when insects collected in
Mexico were released in Hawaii against
Lantana camara. The same insects were
later sent to Fiji, Australia, India, East Af-
rica and South Africa (Harley and Forno
1992). No thought was given to matching
climates, plant types, ecotypes of insect or
any of the other ecological requirements.
Since then, biological control of weeds

has developed along sound ecological
principals, that natural enemies specific
to a host and collected in the country of
origin of that host can limit a weed popu-
lation. Biological control is seen as an eco-
nomical, effective and environmentally
sound method of weed control, however
it is a very long term technique which has
an extensive development period and es-
tablishment phase and which will not
control an entire weed infestation.

It is essential that organisms introduced
into Australia for purposes of biological
control are properly tested to ensure that
they are host specific and do not pose a
threat to the flora of the country.
Protocols have been developed for the
introduction and testing of agents under
quarantine conditions to ensure their host
specificity and therefore safety of intro-
duction. These protocols in Australia are
backed by both administrative protocols
and legislation (Biological Control Act
1984) and agents cannot be released un-
less they are cleared by the Australian
Quarantine and Inspection Service
(AQIS) and Australian National Conser-
vation Agency (ANCA) (formally Aus-
tralian National Parks and Wildlife Serv-
ice (ANPWS)), with backing from rel-
evant state agriculture and conservation
bodies and the Commonwealth Scientific
and Industrial Research Organization
(CSIRO). Australia is not the only country
which has developed protocols for the in-
troduction of biological control agents,
guidelines have also been developed for
the implementation of the biological con-
trol of weeds in the United States
(Klingman and Coulson 1983).

This paper outlines the procedures of
classical biological control, and the
protocols governing the biological control
of weeds in Australia.

Biological control
What is biological control? Biological con-
trol is a process by which the natural

enemies of a plant are introduced to con-
trol that plant. Biological control does not
eradicate a weed but reduces it to a level
that is acceptable or which can be control-
led by other means. Biological control
should be self-perpetuating and self-
regulatory as the insects become part of
the environment.

If a weed has been identified as suitable
for a biological control program, the pro-
cedure undertaken is based on both scien-
tific and administrative protocols.

In ‘classical biological control’ pro-
grams host specific natural enemies (usu-
ally insects, mites or fungi) are collected
in the country of origin of the weed and
released in the country of introduction in
order to reduce the weed to a level that is
no longer considered problematical.
Eventually plant numbers should be re-
duced to a level similar to those in the
weed’s native range. Only those agents
that feed exclusively on the chosen host
are considered for release.

The stages of a classical biological con-
trol program, based on scientific
protocols include:
i. Taxonomy of the weed
A study of the taxonomy of the plant in
the country of introduction as well as in
the country of origin, to ensure that
agents are collected from the correct plant
species. An accurate identification of the
weed will also ensure that agents are col-
lected from the correct country of origin.
Inaccurate identification of a weed lead to
problems with the collection of biological
control agents for Salvinia molesta (Forno
and Harley 1979) and Senecio mada-
gascariensis (Marohasy 1993).
ii. Literature survey of the pest
The origin, distribution, pest status in the
countries of origin and of introduction,
related species and interactions between
related plants should be obtained through
literature surveys. This will enable the re-
searcher to find out what is known about
the plant so that there is no unnecessary
duplication of research. It is also impor-
tant to find out if there has been any ‘acci-
dental’ introductions of agents to prevent
unnecessary re-introductions. The rust
fungus, Uromyces rumicis, considered as a
possible biological control agent for
Rumex spp., has already been recorded in
Australia (Scott 1990). Its origin in Aus-
tralia is unknown.
iii. Pest status and cost/benefit analysis
An economic analysis should be made to
estimate the cost of the weed to Australia,
what damage it does to the crop, pasture
or environment. The damage usually de-
pends on whether it is an annual or per-
ennial, its biology and where the weed is
located. This analysis will give a quantita-
tive value of the weed (loss of crop, loss to
an industry, herbicide usage, stock poi-
soning etc.) versus the cost of carrying out
a biological control program, which is
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usually approximately 18 scientist years
(Harris 1979).
iv. Study of the ecology and biology of the
weed in the country of introduction
This will help determine why the plant is
a weed, find the vulnerable stage of the
weed and whether it is possible to use bio-
logical control methods. These studies
should be carried out in both the country
of origin and of introduction to see if
there are any major differences in the life
forms or habits of the plant. This study
should determine whether there are dif-
ferent ecotypes or biotypes of the plant
present and should take into account sea-
sonal variations with respect to climate,
temperature, rainfall, drought and any
other meteorological events.
v. Exploration in the country of origin for po-
tential biological control agents
In the country of origin, all parts of the
plant are examined for the presence of in-
sects, mites or fungi that could be host
specific and damaging. The exploration
should cover the whole range of the plant,
not just the centre of diversity for that par-
ticular genus, however this is the region
where most agents will probably be
found (Wapshere 1974a).
vi. Study of the biology, host-specificity and
ecology of potential agents in the country of
origin
This study will give an understanding of
the relationships between potential
agents and the host plant. It may also pro-
vide useful data to help determine the
host specificity range of the agent. Some
agents which prove to be non-host spe-
cific in quarantine can be host specific in
the field. This was the problem with the
Paterson’s curse moth, Ethmia bipunctella,
which was not introduced because it fed
on Cynoglossum spp. (Sheppard personal
communication), and with Microthrix
incon-spicuella, the moth which feeds on
Emex australis in South Africa (Harley,
Kassluke and Julien 1979). The feeding of
this insect on non-related plants was
demonstrated to be a cage effect when
studies were carried out in the country of
origin (Shepherd 1990). Biological studies
also help develop breeding techniques,
determine methods of release and dam-
age levels expected after agents have been
released for field studies.
vii. Selection of potential agents
It is essential that selected agents are host
specific and do not have the potential to
become pests themselves. The selection of
agents is therefore important, but selec-
tion is not always easy (Wapshere 1985).
Ecoclimate matching needs to be consid-
ered, the reproductive capacity of the
agent and the part of the plant that the
agents attacks (seed destroyers are con-
sidered more destructive than leaf feed-
ers). The relationship between ‘new’ and
‘old’ plant/insect relationships has been
considered by Hokkanen and Pimental

(1984) and Dennill and Moran (1990).
They concluded that it is not always nec-
essary to collect agents from the species
to be controlled but that agents can be col-
lected from related species and success-
fully used to control those plants. An old
association should always lead to estab-
lishment but it has been queried whether
new associations are always compatible
(Cock 1986).
viii. Screening of agents in quarantine for
presence of parasites, predators and disease
After permission to import an agent has
been received and the agent imported into
quarantine, one generation must be bred
under quarantine conditions to ensure
that no parasites, predators or diseases
are imported with the agent. This screen-
ing includes examination for bacterial, vi-
ral or protozoan diseases such as
microsporidia (Briese and Milner 1986).
ix. Breeding of agents, checking the taxonomy
of agents
Cultures of agents are set up from knowl-
edge gained from the studies undertaken
in the country of origin. With uni-voltine
species (those agents that only breed once
per annum) it is often necessary to de-
velop methods to break the diapause or
aestivation phase that ensure that the
agent is uni-voltine. Thus breeding of the
agent may be a long complex job. It is es-
sential that the taxonomy of the agent be
checked to ensure that the correct agent
was introduced.
x. Host specificity of agents through choice
and non-choice tests
A host-specificity test list usually consists
of a number of plants, most of which be-
long to the same family as the target
weed. This list includes:
• plants in the same genus as the target

plant which are also declared ‘noxious’;
• plants in the same genus as the target

plant (all if there are few species in the
genus);

• plants belonging to each sub-family,
tribe or genus (depending on the size of
the family to which the target plant be-
longs). This method of choosing plants
for host-specificity testing is referred to
as a phylogenetic method (Wapshere
1974b). The test plant list for the two
Paterson’s curse bugs, Dictyla echii and
D. nassata includes 50 species of plants
from 19 genera of Boraginaceae.

• plants from the same order as the target
plant, often with representatives from
up to six families;

• plants of economic importance in Aus-
tralia which have not had adequate ex-
posure in country(ies) of origin and in-
troduction. This section includes crop
plants such as Macadamia, Mangoes,
Kiwi fruit and Custard apples;

• plants fed on during previous prelimi-
nary host-specificity testing, or attack
noted in the field or recorded in the lit-
erature;

• plants from which relatives of the agent
have been recorded.
The test list often contains as many as

100 test plants, and when completed, it is
submitted to AQIS who circulate it to all
Commonwealth and State agencies for
comment.

Host specificity tests are carried out un-
der quarantine conditions and are there-
fore sometimes difficult to assess as all
plants and agents are caged and activity is
not ‘natural’. For choice tests, the adults
or immature stages are caged with several
species of potted test plants as well as the
target plant. The adults are left in the
cages until oviposition is observed and
the plants kept to observe development,
feeding behaviour and development to
adult of the larvae. It is essential to have
knowledge of the biology of the agent to
compare any abnormalities observed on
any of the choice plants. Several replicates
are always required to ensure consistent
behaviour. Non-choice tests are carried
out without the target plant being
present. Single plants of the test species
are caged with the test adult or its larvae.
These are starvation test and show
whether the agent can breed and develop
when the target plant is absent.

Feeding on these plants can sometimes
be an artefact of the test (Harley, Kassluke
and Julien 1979).
xi. Breeding of agents for release at research
field sites
During the carrying out of the host
specificity tests methods of breeding are
devised, which can be refined to breed
large numbers of insects for release. Re-
search releases are usually made on a
small scale and devised to obtain more
information about the plant, the insect
and their interactions. Research into the
best methods of release, time of release
and what stage to release can be made at
this stage. This ensures that the maximum
benefit is obtained from the insects re-
leased (Shepherd in press).
xii. Monitoring of the release for estab-
lishment and reduction of the weed in the field
This stage will provide data about the ef-
fectiveness of the agent in the field,
whether it reduces the density of the
plant, prevents flowering and seed set,
the level of the control of the infestation,
what are the agent/host interactions and
whether the agent fits into that particular
environment and becomes self perpetuat-
ing. If the agent is observed to be useful,
then releases on a large scale are under-
taken. Research releases are monitored
for several years to obtain this informa-
tion.
xiii. Mass rearing and release
Mass rearing is usually a very labour in-
tensive method, and long term. The aim is
to continually release a large number of
agents across the range of the weed. In
Australia, State Departments of Agricul-
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ture or Conservation or Lands and CSIRO
are involved in this stage, often with the
help of community groups. The effect of
the agent on the weed should be moni-
tored and recorded as this damage level
provides the necessary data for the revi-
sion of weed management plans and
strategies for the further release of agents.

Administrative protocol for biologi-
cal control of weeds in Australia
Some of the guidelines related to biologi-
cal control arose out of the conflict of in-
terest issues related to Paterson’s curse. In
biological control the issues related to the
candidate agent and the candidate target
are treated independently (Bruzzese
1990).

The importation, testing and releases of
an agent, described in the Classical Bio-
logical Control section, is regulated by the
Quarantine Act 1908 which is adminis-
tered by AQIS, and the Wildlife Protec-
tion (Regulation of Exports and Imports)
Act 1982, which is administered by
ANCA. These bodies coordinate in the
issuing of importation and release per-
mits and therefore joint applications are
required to these bodies, but it is AQIS
which circulate the requests to all Com-
monwealth and State agencies for com-
ment and review. If the reviews are
favourable AQIS and ANCA will issue
permits relevant to importation/release if
applicable.

The guidelines for the selection of tar-
get weeds were developed through the
Australian Agricultural Council (AAC)
through one of its technical committees,
the Australian Weeds Committee (AWC),
which is the body responsible for issues
relating to the candidature of target
weeds. The Paterson’s curse conflict of
interest resulted in federal legislation, the
Biological Control Act 1984, which is now
backed by complementary legislation in
all states. If any conflicts of interest can-
not be resolved through AAC, the pro-
posed weed can be submitted through the
Biological Control Act. This results in a
public inquiry on the merits of using bio-
logical control for this target weed. If the
results are positive the weed is declared a
target for biological control under the Act.
This process could be long and expensive
in time wasted for research as well as
financially.

The present protocols are:
i. Submission of target weed
Information about the target weeds is
submitted to AAC/AWC to identify any
conflicts of interest. AWC after discussion
will declare it a target weed if there is no
body interested in the weed itself.
ii. Conflict of interest
Any conflict of interest has to be resolved
through the Standing Committee for
Agriculture and Resource Management
(SCARM) and/or the Biological Control

Act after submissions have been received
from all interested parties.
iii. Declaration of a target weeds
The weeds is declared a target after the
due process of law.
iv. Application for permission to import
agents into quarantine for host specificity
studies
This document includes all that is known
about both the target plant and the agent,
their taxonomy, distribution, biology and
ecology as well as economic damage and
a cost/benefit analysis. A host specificity
test list is also provided. This information
is submitted to AQIS who circulate it to
all Commonwealth and State agencies for
comment.
v. Resolution of conflicts of interest
Sometimes agents under test prove not to
be entirely ‘safe’. This may give rise to
conflicts of interest – is it better to release
an agent that is not entirely specific to the
host plant? In the case of Rubber Vine,
Cryptostegia grandiflora R. Br. (Ascle-
piadaceae), the moth, Euclasta whalleyi
(Lepidoptera: Pyralidae), damaged the
native vine, Gymnanthera nitida, during
host specificity tests. If C. grandiflora was
not controlled G. nitida may have been
killed anyway, the treat of extinction
through invasion of habitat was greater
than the risk of damage from E. whalleyi
(McFadyen and Harvey 1990). In cases
like that the National Parks and Wildlife
Service decided that it was better to at-
tempt to control the target weed and hope
that the damage observed in the labora-
tory would be less in the field.
vi. Natural enemy declared or not declared an
agent
This depends on the number of applica-
tions received from both sides of the
argument and their relevance to the
problem.
vii. If host specific, application for the release
of the agents in the country of introduction
After an assessment of the agent’s ability
to feed (or not) on the test plants has been
made and the agent is considered a suit-
able candidate for release, an application
for release is submitted to AQIS. This sub-
mission must include the results of all the
choice and non-choice tests and give rea-
sons why the agent should be released.
This report is submitted to AQIS who cir-
culate it to all Commonwealth and State
agencies for comment. If all states are in
agreement about the interpretation of the
results, and permission for release is
granted, then the agent can be removed
from quarantine.

In the last five years AQIS and ANCA
(as ANPWS) have approved 121 new ap-
plications to import biological control
agents and 51 applications for release.
They have also approved 85 import
renewal applications and 68 release
renewals. Only 13 applications have been
refused for various reasons (Anon 1993).

Biological control programs in Aus-
tralia have been funded by rural indus-
tries such as the Wool Research and De-
velopment Corporation (WRDC), the
Australian Meat and Livestock Research
and Development Corporation
(AMLRDC) and the Grains Research and
Development Corporation (GRDC) for
many years and Commonwealth and
State Governments, especially the Victo-
rian State Government through the De-
partment of Conservation and Natural
Resources, have relied more and more on
industry bodies to fund biological control
programs. Biological control programs,
as described here, may take as long as 20
years from the start of the project to estab-
lishment of the agent. Biological control is
a long term and expensive exercise, gov-
erned by legislative requirements and
strict administrative and scientific proto-
cols. Programs are now undertaken only
if a cost-benefit analysis indicates that
they will give positive returns. Biological
control protocols ensure that the cost of
control is investigated before the program
is initiated.
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Introduction
Mankind have always attempted to con-
trol plants which have a negative impact
on their environment and over time have
devised a range of techniques which
allow them to manage weeds. Taking into
consideration people’s nature of search-
ing for a simple and effortless solution to
their problems, it is not surprising that
biological control is given high priority
when different weed management tech-
niques are considered. Biological control
is the use of natural enemies of a pest to
control its population to a level where it is
no longer considered a problem. It is a
useful weed management technique in
Australia because many exotic plants
were introduced without any natural en-
emies to restrict their vigour, which has
allowed them to become widespread
weeds.

Unfortunately, information released by
eager scientists and the tendency of me-
dia to sensationalize news, have given the
community unrealistic expectations of the
potential of biological control. Often, bio-
logical control is considered the complete
answer to a weed problem, when in real-
ity it can be a useful part of a management
strategy, but may not be of use, or
successful in all situations.

The primary purpose of this paper is to
discuss the role of biological control in
integrated weed management. It concen-
trates on the actual field implementation
of biological control of weeds and not on
protocols for the importation, testing and
release of biological control agents. The
paper reviews the current process of im-
plementing biological control in Victoria
and suggests an improved process.

Capabilities and limitations of
biological control as a weed man-
agement technique
Biological control cannot achieve eradica-
tion of weeds because the pest and its
natural enemies eventually reach a natu-
ral balance. Weeds occur as part of com-
plex ecological systems, where variations
in climate, soil and land management
make it difficult to predict the degree of
control (the point of balance) that can be
achieved by a natural control method.
Thus, the effectiveness of biological con-
trol may vary from year to year as well as
with geographical location and with dif-
fering land management techniques.

When successful, biological control
leads to reduced weed densities and
slower invasion of weed free areas. In
some cases, control is achieved to the level
where the weed is no longer of concern
and no other control is necessary. More
commonly, other control methods are still
required to achieve the desired control
level, however, these need not be so fre-
quent or intensive. For this reason, the
majority of biological control programs
should be considered as part of integrated
weed management programs. These
should optimise the use of appropriate
land management techniques, physical
and chemical weed control techniques
and introduced biological control agents.

Biological control programs are usually
lengthy because of the time involved in
selecting the most damaging natural en-
emies of a weed, the complicated studies
to determine if they are host specific and
later, their mass rearing, release and
establishment into the pest population.
The process of finding suitable agents,
testing, breeding and finally releasing
them, can take a decade and in some
cases, much longer. Several more years
are needed for agents to spread through-
out the area affected by the weed. Several
species of agents and several strains of the
same agent may have to be introduced to
ensure that the weed is controlled
throughout its distribution, especially if
this spans over several climatic zones. The
classic example of the successful biologi-
cal control of prickly pear in Queensland
earlier this century, involved the intro-
duction of 18 species of insects over 15
years. The outstanding success with the
moth Cactoblastis cactorum was achieved
over nine years. With some weeds, for ex-
ample Lantana in tropical eastern Aus-
tralia, the desired level of control has not
been achieved even though 21 agents
have been released since 1914 (Julien
1992). Of these, only 14 have established,
three are considered effective, and the
search for more effective agents continues
in the weed’s area of origin.

While it may take many years to
achieve biological control of a weed, ben-
efits accumulate continually due to sav-
ings in herbicide and application costs
and/or increased agricultural produc-
tion. Biological control is an environmen-
tally friendly method of weed control. It
poses negligible danger to non-target
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