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Synopsis: the long and winding road

Jim Cullen1

Introduction
Biological control of weeds is a steadily evolving
science, steering its way round bureaucratic obstacles,
funding crises and through the complexities of uncer-
tainties, prediction and probabilities of ecological
systems, both old and new, and coevolution, variability,
and behaviour. In this synopsis I will try to review
briefly the content presented in this symposium and
draw out future directions – the next steps in the evolu-
tion of our science.

There are a number of procedures involved in a
biological control program, procedures under steady
improvement as the associated science progresses and
we can see where there has been some progress. These
will be considered under a small number of groupings
similar to, but not constrained by, the main themes of
the symposium. There will also be a need to consider
what has been achieved in a more general sense and
what influence this might have on the future.

Agent selection
The parsimonious approach advocated by McEvoy.2

only importing effective and damaging agents, is being
more generally accepted, but depends critically on the
ability to predict effectiveness, and McEvoy empha-
sized the need to look at whole systems to achieve this.
On this theme of effectiveness, Evans & Ellison exam-
ined the relative merits of old and new associations, a
question originally posed by Hokkanen & Pimentel
(1984). The general conclusion was that, while exam-
ples of effective old and new associations existed, the
concept of closely coevolved natural enemies was still
one of the most valuable guiding principles. Goolsby’s
work on Floracarpus was a nice example of the modern
approach to matching the natural enemy to the exact
host genotype, and Hufbauer presented some recent
advances in technology in tracing the origins of inva-
sive weeds. However, the original debate about old and
new associations is almost certainly being considered at
too superficial a level, and plant pathologists in partic-

ular will no doubt concentrate more on the presence and
absence of resistant and susceptible genes and their
evolution. We can anticipate some interesting work in
the application of this more fundamental genetic
approach to insect–plant interactions in the future.

However, approaches are always likely to be deter-
mined by resources, time frames and feasibility. The
better effectiveness can be predicted, the easier it will
be to combine necessary pragmatism with good science
and be effective, economical and accurate.

In terms of targets, grasses emerged from the
shadows as subjects of serious consideration for clas-
sical biological control, with Sporobolus spp. (Witt &
McConnachie), Nasella spp. (Anderson et al.) and
Spartina (Wecker et al.), each at different stages from
review of possibilities to evaluation of natural enemy
impact.

Risk analysis and host specificity

Singer’s keynote presentation was inspiring, enter-
taining and thought-provoking, but translation of
erudite studies on host acceptability by insects to
everyday practice in biological control is not easy.
Practitioners do, however, need to remain in contact
with theoretical developments so that their method-
ology does not fall short.

Dealing with genetic variation in the agent under
study received increased emphasis with Haines et al.
pointing out the problems of not taking it into sufficient
account. Its frequency and scope in an agent and the
consequent probabilities of possible outcomes need to
be carefully considered. This clearly increases the
complexity of the assessment and places more
emphasis on developing the discipline of risk analysis
to deal with uncertainties in a standard manner.

Singer also raised the question of whether an oppor-
tunity was being lost by ignoring the possibility of
using more-specialized biotypes or subspecies among a
more generalist insect species; an area not new to plant
pathologists. The basis for and stability of such special-
ization becomes critical.

Variation in the target weed is a recurring theme, but
still has the capacity to surprise people. Strong referred
to the concept of “self-defeating biological control”,
where selection pressure on one form of a weed by an
agent may simply lead to its replacement by another
more-resistant form. Urban et al. (poster) for lantana,
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and Evans et al. (poster) for blackberry, provided
examples of studies where variation in the host is crit-
ical to the conduct of control programs.

The delineation of host range in relation to phyl-
ogeny is benefiting from the increasing application of
modern technology, and Kelch & McClay presented an
informative example of this approach. In the continual
emphasis on improving testing procedures to produce
more realistic and reliable results, Heard & Segura
demonstrated that open field tests are not always the
answer. Amidst the push for more standardized proce-
dures that can be understood and accepted by regula-
tory agencies, flexibility remains of key importance,
with testing tailored to agent behaviour, environment
and whatever constraints are operating.

Given the controversy in recent years (Louda et al.
1997), consideration of non-target effects needed to be
on the agenda, but there would be few workers now
unaware of the issue. Non-target effects clearly need to
be avoided, and recent history suggests that biological
control practitioners are doing so (Pemberton, Fowler
et al.). There remains a critical need to follow up any
possibilities and understand them (Snell & McLaren
(poster), Hight (poster)), and we will no doubt see
more. In analysing any such situations, it is also critical
that a distinction be made between damage to non-
target species that may or may not have any conse-
quences, and real impact on the population dynamics
and possible survival of the species (Baker et al.) (also
see Willis et al. 2003).

Integration and management

Paynter & Flanagan pointed out that, with “partial
success” being the commonest outcome (55%) of
biological control programs, there is a fertile field for
improving the outcome by aiding and abetting the
control system. However, to do so effectively requires
a good knowledge of the whole system, well demon-
strated by Paynter & Flanagan for Mimosa pigra and by
Erickson & Lym for Aphthona spp. on Euphorbia
esula, leafy spurge. To some extent, this parallels the
plea of McEvoy to understand the system in order to
predict the effectiveness of an agent in the first place.

Caesar questioned whether an opportunity is being
missed with regard to insufficient study of the integra-
tion of pathogens and arthropods, while Wecker et al.
added the socio-economic dimension, whose impor-
tance is increasingly being recognized (see below).

Evaluation

The evaluation session again demonstrated that evalua-
tion has several different connotations. Modelling is
seen as an important tool, but is generally aimed at anal-
ysis of the system to help explain it and try to improve
the level of control. McEvoy pointed out that models
are getting better as they get closer to reality and, in

time, their utility in generating more general assess-
ments of the outcome of a program and the key
elements on which it might depend, will be valuable
both for evaluation and for improving predictability.

The need for good data describing the outcome of a
biological control program was emphasized from the
Chair (Judy Myers), particularly population data or
quantitative data in terms of cover or biomass where
these are relevant. These also become the basis for good
economic evaluation, of which there is still a serious
lack (also referred to by Sheppard et al.). Presentations
by Kuniata & Korowi and by McConnachie were the
exceptions rather than the rule, but demonstrated the
power of good data.

Alternatively or additionally, outcomes in terms of
biodiversity improvement are also valuable, but few
and far between. Barton et al. and Willis et al. (poster)
provided preliminary examples, while Schooler et al.
(poster) presented some important and necessary data
on biodiversity loss due to invasive weeds, thus
providing a basic parameter for later comparison.

Status

A number of successes were reported, particularly
against aquatic weeds; biological control programs
against water hyacinth, salvinia, water lettuce, and now
Azolla filiculoides, red water fern, (McConnachie) have
been successful in several regions of the world. Mimosa
invisa and Sida spp. have been well controlled in PNG
(Kuniata & Korowi), and it appears that Mimosa pigra
in Australia, via an integrated program (Paynter &
Flanagan), and possibly Hydrilla in parts of the USA
(Grodowitz et al.), are heading that way. There were
also some initial dramatic results on Tamarix spp., salt-
cedar (DeLoach et al.). At the same time it is apparent
that steady “progress with the process” is occurring
and, if some of the opportunities in the 55% partial
successes result in more complete successes, the overall
scene looks promising.

However, Sheppard et al. managed to ring a number
of alarm bells, pointing out that compared with 461
papers on the benefits of biological control, 1685 had
been published on non-target effects, producing
increasing concern in the community, a proliferation of
bureaucracy and an overall slowing of the process,
leading to funding concerns. Is biological control being
swept along by a range of perceptions and unsympa-
thetic officialdom to somewhere it doesn’t want to be?
This situation suggests a need to pay greater attention to
the societal context of biological control.

Strong pointed out that biological control, being an
applied science, is driven by diverse economic and
environmental interests, whether agricultural,
ecosystem health related, conservation or aesthetics. He
also made the point that socio-economics is extremely
important, but seemed to have little emphasis in the
symposium program. In fact, its presence was some-
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what cryptic. The workshop on “Where biocontrol is
heading in the 21st century”, conducted by Rachel
McFadyen, was clear on the need to engage with stake-
holders; the community, regulators, politicians and the
need to inform, involve and educate. Community
understanding and involvement was also clearly an
essential part of the Spartina program (Wecker et al.),
the involvement in the Working for Water program in
South Africa (Gillespie et al., Hill & Julien) and the
delivery programs of the Cooperative Research Centre
for Australian Weed Management (Kwong, Batchelor
et al., Swirepik et al.). There is clearly a need to engage
and inform the community, despite the difficulties. It is
also essential to involve the critics, the sometimes
distant academics and the bureaucracy, and communi-
cate the benefits. To do this, there is no substitute for
data. Biological control is dependent on society for its
mandate to proceed.

Consequences and conclusions

Given the context, including the increasing cost of
complying with regulatory systems and simply doing
the job better, the need to justify introductions becomes
more critical. This comes back to some of McEvoy’s
initial comments on a parsimonious approach and
therefore better predicting outcomes. There were many
contributions on the effects of particular agents and the
factors that influence them that may need to be taken
into account, but the need is to make predictions that
can be tested (McFadyen & Spafford Jacob, van
Klinken).

Biological control deals with enormous complexity
(Strong) and the demands to unravel at least some of the
complexity are increasing. Does biological control
have the capacity to understand sufficient of the big
picture to be able to continue the way it has? Probably
not, on its own. Natural systems cannot be understood
simply by understanding some individual parts.
Perhaps new insights are necessary, involving complex
systems science.

For the scientist, prediction of effectiveness is still
the Holy Grail. This symposium emphasized this again
and explored further some approaches to help the quest.
The satisfaction and rewards from successful programs
were again apparent, while there is no lack of scientific
and societal challenges to keep the research fascinating
and the application occasionally frustrating.
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