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Summary
A brief review is given on the development
and success of classical weed biological
control. Scientific efforts to improve the
success rate of programs are discussed,
along with organization aspects and the
need for increased public awareness and
support. The possibility of expanding the
scope of this approach to different target
weeds and sectors is explored, and a plea is
made to encourage the transfer of classical
weed biological control technology from
developed to developing countries.

Introduction
Classical biological control of weeds earned its
name from s úccessful attempts over the past
two centuries to control exotic weeds through
the introduction of specific plant- feeding
insects from the area of origin of the weeds.

0- Scientifically speaking, it involves the use of
plant feeding organisms for the permanent
suppression of weed o ulat' . This differs

om the use of chemical or biological herbi-
cides in that the control agents, through their
own reproduction, suppress weed populations
for generations following their introduction.

In this paper I will summarize the status
and prospects for classical biological control
of weeds, for the benefit of non - specialists. I
have an affinity for this audience, as my
specific experience is in insect, rather than .°
weed, biological control. However, one thing I
have learned about classical weed biological
control is that the more you say about it, the
more you have to say about it:Behind every

e çne ali, y lies a nest ofspëc1-4e ,ánd,_,e,
.exceptica This show be remembered in thé
short and necessarily superficial summary
which follows.

Fortunately, the subjectt//is ót with
excellent recent reviews (22,26,34,40,4 ) and
regular, four - yearly conferences (the latest to
be held in New Zealand in February, 1992),
the proceedings of which (e.g., 12) accurately
distil progress to date. Any of these will
provide a greater background to my presenta-
tion.

A short history
In 1795 the cochineal insect, Dactylopius
ceylonicus was introduced onto cactus in India
in the mistaken impression that it was another
useful dye producing species. The insect
moved from its intended cactus host to another
exotic species, Opuntia vulgaris, which had
become a weed, and dramatically reduced its
density. This accident was subsequently put to
good use through redistribution of the insect,
first to other cactus infested parts of India in
1836 -1838, and then to Sri Lanka in 1865,
where it gave good control of the weed (18).

One hundred years later, this rather unex-
pected sequence of events had been formalized
into a new strategy for weed management
which was to be successfully applied against
other exotic weeds. By 1940, exotic insect
species had been introduced to successfully
control Lantana camara in Hawaii, Clidemia
hirta in Fiji and other Opuntia species in
Australia. Successes were being transferred to
other countries and continents, and many new
projects were underway; over 100 releases of

agents had been made in different
countries (18,26).

After World War II, with the further
development of activities in Australasia and
Hawaii, and the initiation of programs in
continental U.S.A. and Canada, classical
biological control of weeds entered a phase of
expansion which has not stopped. By 1987,
when M.H. Julien revised his highly valuable
database on classical introductions against
weeds (27), nearly 100 weed species had been
targets of over 1000 separate releases of
control agents.
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The procedure used for all of these pro-
grams was similar. Studies were first made to
determine the suitability of the target weed for
biological control, followed by surveys for
natural enemies in the weed's area of origin.
The most promising of these natural enemies
were selected and subjected to host - specificity
tests to determine whether they were safe to
introduce. Finally, the agents were introduced
and the effects of those which established were
evaluated.

What weeds were selected as suitable for
classical biological control? Early successes
had been obtained against invasive, perennial
weeds of pastures, like L. camara and Opuntia
spp., and this no doubt focused interest on
these habitats, and on other exotic species
there. With additional doubts about the
potential for introduced agents against annual
weeds in croplands, the experience of some
early failures (e.g., against Cyperus rotundus
in Hawaii) and the development of effective
herbicides for annual crop weeds, classical
biological control was firmly put out to
pasture, where the sheer cost of other control
measures, chemical or mechanical, worked in
its favour. Opportunities were to appear in
other environments where chemical and
mechanical control were problematic or
prohibitively expensive, in particular in
waterways and conservation areas.

Overall, there has been a strong effect of
precedent in the history of classical biological
control, and more recently an element of
competition with other measures, which has
perhaps limited thinking about its scope. All of -t-establish
these preconceptions are now up for reconsid-
eration.

They may last years, even decades and involve
the processing through specificity testing of
many agent species. In a recent analysis of
successful programs, Julien et al. (28) found
that, on average, 3-4 agent species were
introduced against a particular weed in a
particular country. On average, 2 -3 of these
become established, and a fraction of these,
sometimes just one species, could be attributed ,,(with control of the weed.`

The success rate of all releases b ed on
conclusions a the time o e program, has tl e

en ut drZS-30 %.This can be inter- 4 c ' ''.
preted as the chance of á articular agent - 1,

contributing to success ut l'ontrol. Clearly,
since a number of agents has en used in each
program, the success rates of programs is
higher (39% in the analysis of Julien et al.,
(28)). Considering the weed sp ies them-
selves, á_bou o of all target weedil äve
heenontrolled in a[ east_oneproject.

Given tlïe nöimous economi s of classical
biological control - the control ofGha d Q
juncea in Australia, for instance ' en rated a

Patterns of success
The record of classical biological control is a
mixture of data and anecdote. It has been said,
rather cynically, that successful programs are
soon forgotten, like the problem which they
solved, and unsuccessful ones likewise, for
other reasons. In any case, documentation of
success and failure has, with some notable
exceptions, been rather poor. But this has been
substantially rectified in recent years, particu-
larly by the leading users of this technology,
namely Australia, New Zealand, South Africa,
Canada and the U.S.A..

Programs against new weeds will be major
undertakings that require long -term research.

nefit: 1 Y. ! the long list
of successes is. impressive. Viewed another
way, our rate of success could stand some
improvement. Indeed, when analyzed over
time, it has not improved substantially over the
past 100 years (26,31) . Why should it not be
higher?

Improving the rate of success
Failures in classical weed biolo ical control
are of two.kin ; agents ai to establish, or
t ey establish and yet fail to have a si nificant
tmpacroi weed populations. The auses
these protilémi are bóth scie tifc an organi-
zational. I will first consider the scientific
problems.

It may be that a weed in its exotic range
will be more abundant than in its native area
for reasons unrelated to the absence of specific
natural enemies. However, we usually proceed
on the assumption that introduced natural
enemies can make a contribution, and the
ch lenge is to select the best ones for intro-
duction. ere it possible tom od uc 3i
potentiM candidates in any program, this
challenge would not exist. However, due to
expense in time and resources of processing
each species for introduction - Harris (18)
estimates that screening alone costs 2 scientist
years per agent - this is rarely possible. Hence,
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there is considerable value in selecting those
agents moss Mely to succeed án is must be
d ne by predictin erformanee-orrthrbasis-af
what we can earn about the w d-and -the--
Mat This is t íie pr'trc usti íi cátión óf a
scientific, ecological approach to classical
biological co._ sol (44).

Ecologists have taken a considerable
interest in weed biological control, as it
provides clear examples of the capacity of
herbivores to regulate and depress plant
populations. But the research interests of
ecologists have not always matched the precise
needs of the biological control practitioner
(44). For instance, much ecological research
on herbivory has focused on the co- evolution
of herbivores and plants, and on the stability
and structure of herbivore assemblages (42),
whereas the practitioner might benefit more
from an understanding of herbivore -plant
population dynamics, and the dynamics of
herbivore assemblages. Research by ecologists
in this area has been so far very limited (5,7).

Accordingly, practitioners base their
selection of biological control agents largely
on experience and the ecological wisdom
which it has generated. Experience has, for
instance, revealed the value of comparing the
ecology and climate of the area of origin
before introduction of the agent (46).

One of the first advances in predicting
agent success was the development of scoring
systems, which graded potential agents on the
basis of their likely impact on plant growth
and reproduction (17,20). This has proven
useful both as a conceptual and a practical
tool.

About a decade ago, a number of research
groups began to compile the records of
biological control into databases (e.g., 2,27).
These quickly attracted the attention of
biological control scientists, who saw the
opportunity to test predictions on strategies for
success using these large data sets.

There were substantial problems with using
the databases in this manner, as the quality of
the data was often poor, the data skewed
towards a few weeds (over 40% of all releases
were against L. camara and Opuntia spp.) and
much important information was lacking.
Given these shortcomings, and with some
effort to improve and augment databases (33),
a number of quite useful insights were ob-
tained. In my view, the most interesting of
these were the following:

(a) Asexually reproducing weeds may be more
easily controlled than sexually reproducing
species because of their lower genetic
diversity (2).

(b) Despite the known complementary actions
of some agents, success is not always a
simple function of the number of agent
species released - often one species is as
valuable as several (36).

(c) Insect agents with high intrinsic rates of
growth have a higher probability of
establishment and success (7).

(d) Difficult -to- control weed species have
properties such as low food quality for
herbivores, inaccessible nutrient stores, and
high capacities for non- meristematic
regrowth and replacement fruit production
following grazing (7).

(e) New associations of agents and weeds,
involving the use of control agents from
species other than the target weed, have a
significant (if disputed) measure of success
(25).
The difficult nature of the databases has led

to some dispute over interpretations (particu-
larly for (e) above, see (19,21)) and more
general problems in assigning any statistical
validity to some observed patterns. Nonethe-
less, such analyses have refined thinking on
weed biological control. In particular, they
have highlighted the importance of the proper-
ties of the weed as well as of the agents.

I believe the next few years of research on
classical weed biological control will see a
sybstantiaLshiftlin_emphasis towards the study
óf herbivore nan There are now
several good studies whiémonstrate that
understanding the factors affecting weed
survival and reproduction may be more
imp than finding añ agent which has
good démographic-pr rties -For iñstance, the
imp c of seed= feeding insect on some plants
has been poor, not because they are not
damaging to seed production but because the
weed itself is not seed - limited (6,35).

Herbivore -weed dynamics is complex, but
there are some simple experimental ap-
proaches to the understanding of what limits
plant populations, and hence how biological
control might be targeted (8). The use of
ma erratical models to predict both herbivore
performance and plant dynamics is increas-
ingly popular in weed biological control (e.g.,
3,24,38), and has much potential.n`_
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Organizational aspects
From'a logistical viewpoint, classical biologi-
cal ontrol is a com c rocedure, olving
onsiderable investment d o -ope do ver

a ong nod. What should hàpendoes not
alw'iysA áppen- (4.I); a-nd-this iñfluences
!success as much, or more, than any sciéntific
shortcomings oni r capacity to select effec-
tive agents.

T. 'Not surprisingly, ndin is a major
Lto success. In auliscipl ne where J

both preparation and results can take time,
Harris (22) eloquently explains the conse-
quences: "the results achieved in a program
that requires 20 scientist years accrue so
slowly that both the administration and the
public lose interest before there is an impact
on the weed ".

Maintaining the interest and confidence of
the potential beneficiaries of classical biologi-
cal control programs is today taking on new
and challenging dimensions.

Conflicts of interest have always existed in
weed biological control, but in recent decades
these conflicts have increasingly entered the
legal and political arena. In Australia, in
response to legal challenges over the introduc-
tion of agents against Echium plantagineum,
the Biological Control Act of 1984 was
established. This requires that public responses
be invited on proposed biological control
programs, in order that a decision in the
common interest can be made (10). Following
this landmark case, other countries have
moved to increase the degree of consultation
which precedes a program of introduction.

The importance of winning public support
for classical biological control cannot be
underestimated. To the non - professional, the
issues surrounding it today can be confusing.
On the one hand, biological control is seen as
an environmentally desirable alternative to
pesticide use, while on the other, it is seen as
an alien risk to the environment, frequently
linked to the introduction of genetically
manipulated organisms.

Biological control of weeds has an excel-
lent track record for safety, due in large part to
the procedures developed over the years to
ensure specificity. While practitioners are
addressing the problems which arise with the
testing procedures now in use (9,45), building
public confidence in the overall safety is
important as well.

As a step in this direction, the International
Institute of Biological Control (IIBC) has
recently been assisting the FAO in developing
an International Code of Conduct for the
Introduction of Biological Control Agents
(16). This document will give a simple de-
scription of classical biological control
procedures, suitable for the non professional
and appropriate for countries without existing
protocols for safety testing. Broad recognition
at the political level that biological control is
both desirable and safe will be important to its
general acceptance by the public.

The potential of pathogens as classical
agents
The domination of insect agents in classical
biological control programs has been chal-
lenged recently by increasing interest in
pathogens. Of these, th the most
promising, particular rust fungi, hich are
characterized by their onsiderable diversity, a
desirable level of specificity and an effective
wind -borne means of dispersal.

The relatively recent history of the use of
pathogens in classical biological control has
been characterized by three dramatic suc-
cesses, the control of Chondrilla juncea in
Australia, of Ageratina riparia in Hawaii and
of Rubus constrictus in Chile. This has gener-
ated much subsequent interest, and today there
are over 20 ongoing programs in development
(15,47).

The procedure for using fungi in classical
biological control is similar to that for insect
agents (1,23,47). Because of their complex and
often little known life histories, considerable
research is often required to determine their
potential value and to establish their safety
(15).

The scope for the use of pathogens is
enormous. Many past programs where insects
have failed to give substantial control can be,
and are being, re- examined for potential
pathogen agents. Many of these have known
and promising pathogens (14).

A number of factors are thought to strongly
influence the success of pathogens in classical
biological control of weeds. The local climatic
requirements for pathogen development are
often precise, influencing its utility in other
regions. Further, pathogen strains are often
highly specific, such that genetic variability or
taxonomic complexity in the host plant
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population may make the identification of
suitable agents difficult, or may restrict their
effects to certain weed genotypes.

Beyond this lies the potential to improve
selection and use of pathogens through a better
understanding of pathogen -weed dynamics.
Compared to our limited knowledge of
insect -weed dynamics, the subject of weed
pathogens is a largely unexplored and exciting
challenge. Our first steps in this new field
might be to examine the role of weed patho-
gens in natural plant communities (29).

By investigating pathogen -weed dynamics,
we may also learn how we can better employ
pathogens, thereby giving a more scientific -.
basis to the present distinction between
classical and mycoherbicidal candidates.

Expanding the scope of classical
biological control
There is considerable to. _s i_al tatmprove the

success of.classicali)iological control of weeds
through a better scientific uderstanding,
better organization nd.funding óf programs,
añdiñclüsion of new kinds of agents, such as
plant di-s asês.

But what about the scope of biological
control? Has it found its appropriate niche in
the control of invasive exotic weeds of
grasslands, plantations and waterways, or can
this improving technology be directed .towards
other weed problems?

Annual weeds of arable crops have long
been considered poor targets for classical
biological control. The dominance of herbicide
technology in these systems has no doubt
reduced enthusiasm for a classical approach,
but it should be noted that many annual crop
weeds are exotics and classical biological
control has been effective against some
annuals, such as Tribulus terrestris (32) and
perennials such as Chondrilla juncea (11). The
ecology of annual weeds has been noted as a
constraint to the establishment and effective-
ness of agents (6). Perhaps this is an area
where our present, limited understanding of
herbivore -weed dynamics is only sufficient to
identify the problems, but where a better
understanding may indicate the solutions, in
terms of what kinds of agents we need and
how they should be used.

Invasive weeds of grasslands and water-
ways have often threatened natural as well as
managed habitats, but until recently concern

about weeds in natural habitats has been
limited. One notable exception has been the
biological control program against Hakea spp.
in South Africa, which threaten the unique
feinbos flora (37). With growing concern for
conservation areas, and growing awareness of
the damage which exotic weeds can pose,
there are considerable opportunities for
extending classical biological control into the
field of conservation.

Indeed, in conservation areas, where
chemical or mechanical weed control would
threaten the very flora and fauna which is to be
preserved, biological control offers the only
realistic option.

In a recent global survey of problem weeds
in the conservation areas, soon to be published
by the World Wide Fund for Nature (WWF),
52 (43 %) of the 120 priority weeds identified
are the subject of past or current classical
biological control programs, most of them
targeted in agricultural areas (J. Fuller,
personal communication). Ironically, conser-
vation groups are often suspicious of classical
biological control in the context of conserva-
tion. Here, an educational campaign may be
the first step to opening new opportunities for
useful application of classical biological

`ontrol.
Finally, need classical biological control be

restricted to exotic weed species? The answer
is certainly no. Besides the possibility of
redistributing agents within the native range of
a weed, which has been successful in the
control of Opuntia spp. on islands (28), there
exists the opportunity to introduce exotic
species against native plants. Many of these
will be "new associations" (1.3,25), insofar as
the host of the agent will be a different species
than the target weed.

Obviously, this raises questions of
specificity testing, but there is already substan-
tial precedent for "new associations" in the
successful control of exotic weeds, indicating
the potential for specificity at the, appropriate
level. Further, native plants have, of course,
their own herbivore complex which may or
may not constrain attempts to introduce new
species (31). One of the more interesting
current programs for control of a native weed
involves the introduction of bracken - feeding
insects from South Africa into the U.K., where
care has been taken to identify empty herbiv-
ore niches for colonization (30).
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A closing thought: sharing the benefits
Few scientific undertakings are more interna-
tional than the classical biological control of
weeds, both in their logistics and in the
benefits they can bring to people around the
world. This is because many target weeds are
widespread, and the cost of their control,
particularly after initial success, is so low as to
be affordable by rich and poor alike.

Sitting as I do in an international biological
control institute, I am painfully aware that the
solutions found to exotic weed problems in
one part of the world are not transferred to
others. For instance, in Africa water hyacinth
is spreading at an alarming rate, threatening
navigation and fishing in communities entirely
dependent on waterways and putting at risk
some of the most unique wetland and aquatic
environments in the world, such as the
Okavanga delta in Botswana, and Lake
Victoria.

Almost a dozen African countries have
asked for help, and most have come around to
the value of biological control. But help has
taken years to mobilize, despite the existence
of the biological control solution in other
tropical areas, even in other parts of Africa.
When such suffering can continue in the face
of its solution, there is a clear problem of
communication and extension.

In the context of sharing the benefits, much
praise must be given to the Australian Centre
for International Agricultural Research, the
programs of which have extended Australia's
formidable experience in classical weed
biological control to South and Southeast Asia
and have set an example which more devel-
oped countries could well follow.

But developing countries also have internal
problems in mounting classical biological
control against weeds. Hopefully, the prepara-
tion of an FAO Code of Conduct for the
Introduction of Biological Control Agents,
which is now underway, will help poorer
national programs to convince politicians, aid
agencies and quarantine services of the value
and safety of this approach. To augment this
initiative, IIBC has recently begun a series of
training courses with ASEAN PLANTI for
quarantine officials in developing countries.
These are intended to educate them in classical
insect and weed biological control techniques,
so that they may become full partners in a
process which they otherwise might oppose.

It should be noted that many of the biologi -,
cal control agents which have helped solve
problems of crop production in developed
countries have come from the poorer countries
of Latin America, Africa, Asia and Eastern
Europe, frequently with the assistance of
national programs there. As we proceed to
improve the success rate of classical biological
control and expand its scope, I hope that we
will also remain aware of the opportunity, and
perhaps the obligation, to share the benefits.
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