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Seedling Establishment of Invasive and Non-Invasive
Populations of Sulphur Cinquefoil, Potentilla recta L. 
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One of the basic ecological questions in the field of biological invasion is why a
species becomes invasive outside its natural distribution area, while it does not show inva-
sive characters in its native range. It has been hypothesized that invasive populations of
plant species are better competitors than non-invasive populations, and that this difference
may be due to a) the lack of natural enemies in the new range, and/or to b) changes in life-
history traits of the plant species which may reflect bottleneck effects during establish-
ment or altered selection pressure compared to the native area.  Sulphur cinquefoil is a
Eurasian plant species which has invaded North America some 100 years ago. Field stud-
ies in the native area have shown that seedling establishment is a critical factor in popu-
lation dynamics which is very variable between the years. On the other hand, mortality

were in areas with more than 72% forest cover (measured at 850m by 850m), whereas no
sites with less than 72% forest cover ever reached outbreak density. 

The presence of a distinct threshold of forest cover for outbreaks, at the 850 m2 scale,
suggests that habitat patches of this size or greater equal or exceed the distance over which
moths typically disperse and result in population build-up. This threshold is obscured at
spatial scales of less than 850 m2 because moths typically disperse beyond the scale at
which structure is estimated; they are able to leave this area and still be within the larger
single patches. At 1700 m2 scale, the relationship also disappears because multiple patch-
es are incorporated, increasing the variation of percentage forest cover relative to the
occurrence of insect outbreaks. Although the ‘typical’ dispersal distance of forest tent
caterpillar is not known, the scale of about 800 - 1000m seems reasonable.

Although this study was done on a non-weed feeding insect, the observed pattern sug-
gests that there will be a specific threshold patch size of a weed that will facilitate the
establishment and outbreak of each biocontrol agent. A similar approach could be used to
indirectly estimate dispersal distances of established biocontrol control agents, such as
Aphthona beetles on leafy spurge. Spread of the root beetles can be estimated by examin-
ing the relationship between spurge patch size and beetle population densities at multiple
spatial scales. The spatial scale where a threshold response for an outbreak population
occurs may provide an indirect estimate of beetle dispersal distances. Taking these pat-
terns one step further, dispersal distance could dictate the optimal patch size into which
releases are done in order to create an herbivore outbreak. As a rule of thumb,  the pattern
observed with forest tent caterpillar suggests that releases of biocontrol agents should be
done in large patches of weeds where possible. Small patches, although not supporting
outbreak populations, may still, however, serve as stepping stones for dispersal of the bio-
control agent once the insect has established and reached outbreak status.
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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).




