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A public perception of risk and a growing aversion to things alien in the
environment (Waage and Greathead 1989) are likely to place increasing demands on the
selection and evaluation of classical biological control agents. It will be increasingly
important to select agents that will pose little risk to the environment and do an effective
job of control.

In spite of its hitherto limited contribution (Waage 1989), modelling offers a
number of potential benefits to aid in this process. These are:

Predicting the outcome and probable success of a specific introduction.
Aiding in the selection of the most appropriate agent(s).

Predicting the impact of exotic agents on ecosystems and non-target species.
Increasing understanding of the processes involved.

Aiding in the identification and interpretation of critical field data.
Identifying optimum integrated management strategies for biocontrol agents.
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A New Zealand example: the impact of Microctonus aethiopoides on Sitona discoideus

Based on extensive population data on Sitona before and after introduction of the
parasite (Goldson et a/ 1988) and on the parasite itself (Goldson et a/ 1989), a model has
been developed which accounts for the impact of observed percent parasitism and
predicts the future course of the parasite/host interaction (Fig. 1). Spring drought is the
main disturbing factor, through its adverse effect on larval establishment, and the
patterns in Fig. 1 are based on random incidences of spring droughts after 1988 with an
annual probability of 0.25.

o Ll !

60+ .
% parasitism
-100
401
Peak
reproductive
adults /sqm L 50
201
”I
0 T v v v T v T T v 0
82 84 86 88 90 92 94 96 98 2000 2
Year
Fig. 1: Sitona adult densities ( — observed, ———— model) and
levels of parasitism (-------- observed, ————— model), for a stand at

Darfield. Arrows indicate years with spring droughts.
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The eventual outcome predicted by the model is a 75% reduction in reproductive
adult density, and 38% parasitism of those that remain. The net effect is an 85% overall
reduction in recruitment, since parasitised adults do not reproduce. Given the strong
density-dependence in larval establishment (Goldson ef al 1988), this translates to a 60%
reduction in peak larval densities, from 3600 to 1400/m? in 1 year old lucerne stands and
from 1200 to 500/m? in 5 year old stands. Since this brings larval densities close to or
below the damage thresholds for all stand ages (Goldson and Proffitt 1989), there is
every likelihood that no additional management will be required where the parasite is
established.

The model has therefore predicted a final outcome of the parasite’s introduction,
increased our understanding of the processes involved, helped to identify the field data
required, and suggested likely management needs.

One of the major contributions of models such as this will be in helping to develop
a ‘library’ of well-analysed case studies, both successful and unsuccessful, which is an
essential prerequisite for future improvements in biological control practice. Here
retrospective modelling is as useful as genuinely predictive studies, which are still
extremely uncommon. A classic example of the latter is the early failure to predict the
impact of Cyzenis albicans on the winter moth in Canada (Varley and Gradwell 1968),
which has often been cited as a reason for rejecting the modelling approach to biological
control predictions. However, such failures indicate more a need for greater knowledge
than an abandonment of hope, and in this particular case retrospective modelling has
explained what was originally inexplicable (May and Hassell 1988). Much has been
learned since 1968.
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