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rates of plants older than six months were always very low. Hence, if the increased inva-
siveness in North America is based on changes in the life history of P. recta, these changes
may be expected to be most prominent during the early life stages. In order to address this
question, 17 populations from southeastern Asia, Europe, and North America were com-
pared for early seedling growth.
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Population models have been used to understand the ecological mechanisms involved
in a variety of biological control systems. Host-parasitoid models are commonly used in
insect biological control systems and have achieved levels of complexity, which have pro-
vided detailed evidence of some subtle stabilising mechanisms in the interactions between
populations of predator and prey. Such models in weed biological control systems have,
in general, been quite simple by comparison. In most cases the models used have been
based on the dynamics of the target weeds incorporating the impact of the biological con-
trol agent as a constant or stochastic variable within a range defined from field observa-
tion. Such modelled systems are either unregulated (matrix models) or regulated by den-
sity dependence only in the target. We have been constructing and exploring a suite of
models for the interactions between a root-crown boring weevil (Mogulones larvatus)
introduced into Australia and locally wiping out populations of the annual pasture weed
(Echium plantagineum). A simple cohort-based model, like others in the past, incorporates
weevils simply as a constant impact change in survival and/or fecundity of the weed. The
results are over-optimistic about the impact of the weevil on the populations of its host. A
more complex individual-based model incorporates: a) a seedbank, b) variation in weevil
impact, and c) integrates the dynamics associated with how the agent population responds
to changing densities of its host. Density dependence is present therefore in both agent and
weed components of this model. Outputs from this model highlight the following conclu-
sions. Firstly, including a seedbank in the model increased weed population stability in the
face of impact from the weevil. Secondly, including variation in weevil impact amongst
plant individuals greatly decreased the effects of the weevils at the population level and
this critically depended on the form that this variation took (i.e poisson or negative bino-
mial). Finally, including density dependence in both the weed and the weevil populations
in the model increased the stability of the interactions between them. This study shows
that it is valuable to move beyond simple population models for understanding the inter-
actions between weeds and their biological control agents, but it is vital in this process that
field data on agent impact assesses variation as well as the mean of the impact and attack
levels they cause. (Paper submitted to Journal of Applied Ecology).




