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Summary   Ecological modelling plays a signifi-
cant role in evaluating biological control of weeds. 
Modelling is currently used to predict the impact of 
biological control agents prior to release; however, 
little modelling has been conducted on post-release 
systems. We outline the role of ecological modelling 
in biological control, emphasising its uses in long-term 
post-release evaluation. Models for long-term biologi-
cal control evaluation need to be parameterised either 
using ‘before and after’ data, data correlating observed 
agent damage with plant performance or data from 
biological control exclusion experiments. Models of 
weed demographics in relation to agent damage can 
then be constructed. Comparison of population growth 
rates of model populations with and without herbivore 
damage will enable evaluation of whether biological 
control agents released in the past have been effective 
in reducing weed populations. This paper outlines 
some of the methods available for biological control 
evaluation and how they will be used to evaluate the 
long-standing biological control program for ground-
sel bush (Baccharis halimifolia L. Asteraceae). Some 
preliminary data are presented.

Keywords    Biological control,  evaluation,  weed 
population models,  herbivory,  groundsel bush,  Bac-
charis halimifolia.

INTRODUCTION
Weeds are one of Australia’s biggest economic and 
environmental problems with the cost to Australian 
agriculture alone estimated at AU$4 billion. Ad-
ditionally, weeds threaten biodiversity and can alter 
ecosystem processes. These effects are rarely costed 
(McFadyen 1998).

Australia has become one of the leaders in weed 
biological control research with over 60 weeds targeted 
for biological control in 2004 (Briese 2004). Biologi-
cal control of weeds utilises phytophages (that feed 
on various plant parts) and pathogens to regulate host 
plant densities. A successful biological control agent 
should reduce economic, social or environmental 
impacts of the target species to a level below which 
it would normally be regarded as noxious (Wapshere 
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et al. 1989). McClay (1995) reviewed 57 published pa-
pers on evaluation of weed biological control projects 
and found that they generally focused on monitoring 
occurrence and spread of agents with little evaluation 
of the impact on weed population dynamics. In many 
instances, biological control programs are not set up to 
gauge the effects on the target weed in the long-term. 
To objectively assess success of a biological control 
program, it is necessary to demonstrate that a weed 
population has declined in biomass and/or density 
due to the action of biological control agent(s) and, 
additionally, that the severity of the problem has been 
reduced as a consequence (Kriticos et al. 1999). Only 
long-term post-release evaluation can effectively dem-
onstrate the impact of agents on a target weed against 
the background of temporal and spatial variability 
in the dynamics of the weed and released agents. 
Long-term post-release evaluation is best conducted 
through the use of ecological models in conjunction 
with experiments (Kriticos 2003). 

We review the importance of evaluation and 
briefly explain the procedures used to quantify the 
impact of biological control, including the value of 
modelling. We will also show how these experiments 
and modelling techniques can be used to evaluate the 
biological control program for groundsel bush (Bac-
charis halimifolia L.).

Biological control evaluation   Evaluation is argu-
ably the most important phase of biological control 
programs. Evaluation can be used to justify past and 
continuing expenditure, and contributes knowledge to 
general ecological theory and plant-herbivore interac-
tions. Evaluation has not always been systematically 
undertaken due to prioritised funding for finding, 
testing and delivery of agents (pre-release evaluation) 
(Briese 2004). In most cases there is little assessment 
of the agents beyond the establishment phase (short-
term post-release evaluation) (Zalucki and van Klinken 
in press). It is important; however, to focus on the long-
term impact of biological control on weed populations, 
rather than agent establishment alone (McFadyen 
1998). Long-term post-release evaluation differs to 
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short-term evaluation because agents are exposed to 
prolonged fluctuations in biotic and abiotic condi-
tions, as well as novel habitats, as the agents disperse. 
Long-term evaluation is generally overlooked but is 
fundamental in determining the agents’ impact.

Agents can take a long time to establish and 
achieve a reduction in biomass and/or abundance of 
the plant. Consequently, the success of a biological 
control program should be measured at least 10 years 
after the release of the last agent (McFadyen 1998). 
Demographic indicators of success, including agent 
establishment, damage to individual plants and weed 
populations, and long-term vegetation changes become 
crucial for long-term evaluation particularly when 
control of weed populations is partially, locally or 
temporally variable. These factors should be evaluated 
at each stage during the course of an individual control 
project (Briese 2004).

Modelling evaluation   Modelling evaluation is often 
necessary as few biological control programs record 
the data necessary to compare populations before agent 
introduction with populations post-biological control. 
Modelling plant population dynamics is increasingly 
used for predicting the effect of biological control 
organisms on the population dynamics of a target 
weed (Buckley et al. 2003). It has also been used to 
assess potential agent impact (pre-release evaluation) 
and short-term post-release impacts (Shea and Kelly 
1998, Buckley et al. 2005). However, long-term post-
release modelling is rarely conducted (but see Buckley 
et al. 2003). 

Models can be built using data from populations 
before biological control and the outcome of simulated 
control on model populations can be evaluated (Rees 
and Paynter 1997). Alternatively, models can be built 
using data on agent damage and plant performance 
after agents are introduced to assess how different 
levels of damage may affect plant population dynamics 
(Buckley et al. 2003). A model for biological control 
evaluation needs to include weed demography and 
may include agent demography (Buckley et al. 2005) 
and/or other abiotic factors which may influence weed 
or agent abundances (Buckley et al. 2003). Models 
should be parameterised using experimental and/or 
observational data, then verified to ensure they char-
acterise the data used to build them. Finally, the models 
should be tested against novel data-sets to assess their 
predictive power (i.e. validated). 

The modelling process provides an appropriate 
framework for data collection and may identify impor-
tant missing data. However, models require some skill 
to develop and can make incorrect predictions. They 
can be time consuming to develop and a model is only 

as good as the data used to parameterise, validate and 
test it. Careful data collection is therefore fundamental 
to any evaluation study.

MODELLING EVALUATION EXAMPLES
Assessing biological control scenarios   Pre-release 
studies often use models to assess the efficacy of po-
tential biological control agents. For example, Parker 
(2000) and Rees and Paynter (1997) used models to 
predict the level of seed predation necessary to prevent 
further spread of Cytisus scoparius L. Comparable 
models could be used to evaluate long-term biologi-
cal control programs by predicting the effect agents 
were/are having on the target weed. 

Agent exclusion   If no prior quantitative data on the 
target weed abundance exists; agent exclusion can 
provide a good estimate of how plants (and popula-
tions) perform with and without biological control. 
Exclusions can be achieved using cages or chemicals 
(fungicides and/or insecticides). However, the latter is 
only useful if there is no effect on plant performance 
(Adair and Holtkamp 1999). Exclusion experiments 
can be further supported using population modelling. 
For example, Lonsdale et al. (1995) adapted a model 
for annual plants to predict the density of Sida acuta 
Burm.f. (Malvaceae) in the subsequent year that would 
result from the measured reduction in seed output due 
to insect herbivory. The parameters for the model were 
obtained by comparing seed production where the bio-
logical control agent was excluded (with insecticide) 
to populations where both weed and agent occurred 
together. It is important to relate the agent impact at 
the individual plant level to the weed population as a 
whole. The combination of exclusion experiments and 
modelling can effectively demonstrate the post-release 
impact of biological control on individual plants and 
populations.

Damage levels versus plant performance   A useful 
way of predicting long-term agent impact is to measure 
plant fitness under various levels of agent abundance, 
which can subsequently be used to predict the degree 
of host suppression for a given density of agents 
(Adair and Holtkamp 1999). A correlation between 
agent density and plant impact does not, however, 
prove causation and may be due to some independent 
factor. Experimental manipulations of independent 
variables are required to show that biological control 
is causing the effect (Dhileepan 2003). Buckley et 
al. (2005) produced a coupled plant-herbivore model 
which was used to determine the effects of various 
herbivore damage functions, allowing quantifica-
tion of the effects of different intensities of weevil 
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competition and plant tolerance of herbivory on the 
dynamics of the plant-herbivore system. This type 
of model can assist in demonstrating the long-term 
impact of the agent(s) on a target weed.

Many biological control programs began decades 
ago, with little or no quantitative data on the abundance 
of the weed prior to the introduction of the biological 
control agent. However, long-term evaluation must 
be conducted (despite limited data), in order to claim 
success or failure of a program. Evaluations are most 
constructive when experimental data is coupled with 
models. 

GROUNDSEL BUSH – A CASE STUDY
Groundsel bush (Baccharis halimifolia L.) is a peren-
nial shrub introduced to Australia from North America 
in the late 19th Century. It was declared noxious in 
Queensland in 1951 due to its low nutritional value 
and ability to dominate native and introduced pastures 
(McFadyen 1979). In 1963 an extensive biological 
control program began, which involved testing 35 and 
releasing 14 agents. Seven agents are thought to have 
established (see Julien and Griffiths 1998). No study to 
date has evaluated the impact of this biological control 
program on groundsel bush.

The program lacks quantitative data on the popula-
tion dynamics prior to release of the agents. Through 
the use of models, agent exclusion experiments and 
agent damage levels (as previously described), we 
will investigate if the established agents are influenc-
ing the population dynamics of groundsel bush. We 
will collect demographic data including weed growth, 
mortality and seed set as well as agent density and 
levels of plant damage.

Preliminary surveys across six sites in south-east 
Queensland, demonstrated the presence of a number 
of the released agents, as determined by their charac-
teristic damage (Figure 1). The leaf mining moth, Buc-
culatrix ivella Busck appears to inflict considerable 
damage by mining groundsel bush leaves. The released 
rust, Puccinia evadens Hark, was present across all 
sites. However, it is not particularly prevalent within 
sites. Galls from Rhopalomyia californica Felt were 
present at all sites and their abundance appears to be 
positively related to groundsel bush plant size (Figure 
2). Stem boring due to either Megacyllene mellyi 
Chevrolat or Oidaematophorus balanotes Meyrick was 
evident across all sites and, from visual observations, 
appears to have the most detrimental effect on the 
plants by weakening and killing plant stems.

Insecticide exclusion experiments and agent 
surveys will serve as additional checks to determine 
the direct impact of the agents on groundsel bush. 
This, coupled with plant population models, will 

establish the agents overall impact on groundsel bush 
populations in Australia. This project is in progress 
and other results are currently unavailable.

CONCLUSION
The success of biological control needs to be evalu-
ated throughout the entire program. This includes the 
collection of quantitative data on weed abundance 
and demographic data before and after any agent is 
released. Evaluation of success becomes more dif-
ficult in the absence of pre-release data. Therefore 
long-term evaluation needs to be given higher prior-
ity and integrated into the framework and funding of 
biological control programs. Ecological models are a 
useful tool for evaluating the success or failure of long-
term biological control programs. Once completed, the 

Figure 1.   Average leaf damage on groundsel bush 
plants across six sites in south-east Queensland, as-
sessed on a qualitative scale where 0 = no visible 
damage and 5 = almost 100% coverage.

Figure 2.   Average size (m3) ± SE of galled and un-
galled groundsel bush plants.
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groundsel bush project may be used as a framework for 
similar work on other weed species, as well as assisting 
in developing methods for future evaluations.

ACKNOWLEDGMENT
This project is financially supported by the CRC for 
Australian Weed Management. 

REFERENCES
Adair, R.J. and Holtkamp, R.H. (1999). Development 

of a pesticide exclusion technique for assessing 
the impact of biological control agents for Chry-
santhemoides monilifera. Biocontrol Science and 
Technology 9, 383-90.

Briese, D.T. (2004). Weed biological control: applying 
science to solve seemingly intractable problems. 
Australian Journal of Entomology 43, 304-17.

Buckley, Y.M., Briese, D.T. and Rees, M. (2003). De-
mography and management of the invasive plant 
species Hypericum perforatum. II. Construction 
and use of an individual-based model to predict 
population dynamics and the effects of manage-
ment strategies. Journal of Applied Ecology 40, 
494-507.

Buckley, Y.M., Rees, M., Sheppard, A.W. and Smyth, 
M.J. (2005). Stable coexistence of an invasive plant 
and biocontrol agent: a parameterized coupled 
plant-herbivore model. Journal of Applied Ecol-
ogy 42, 70-9.

Dhileepan, K. (2003). Evaluating the effectiveness 
of weed biocontrol at the local scale. In ‘Improv-
ing the selection, testing and evaluation of weed 
biological control agents’, eds H. Spafford Jacob 
and D.T. Briese, pp. 51-60. (CRC for Australian 
Weed Management, Adelaide).

Julien, M.H., and Griffiths, M.W. editors. (1998). 
‘Biological control of weeds – a world catalogue 
of agents and their target weeds’. (CABI Publish-
ing).

Kriticos, D., Brown, J., Radford, I. and Nicholas, M. 
(1999). Plant population ecology and biological 
control: Acacia nilotica as a case study. Biological 
Control 16, 230-9.

Kriticos, D.J. (2003). The role of ecological models 
in evaluating weed biological control agents and 
projects. In ‘Improving the selection, testing and 
evaluation of weed biological control agents’, 
eds H. Spafford Jacob and D.T. Briese, pp. 69-
74. (CRC for Australian Weed Management, 
Adelaide).

Lonsdale, W.M., Farrell, G. and Wilson, C.G. (1995). 
Biological control of a tropical weed: A population 
model and experiment for Sida acuta. Journal of 
Applied Ecology 32, 391-9.

McClay, A.S. (1995). Beyond ‘before-and-after’: 
experimental design and evaluation in classical 
weed biocontrol. Eighth International Symposium 
on Biological Control of Weeds, eds E.S. Del-
fosse and R.R. Scott, pp. 213-9. (DSIR/CSIRO, 
Melbourne).

McFadyen, P.J. (1979). ‘South American insects intro-
duced into Australia for the biological control of 
Baccharis halimifolia L.’ (University of Queens-
land, Brisbane).

McFadyen, R.E. (1998). Biological control of weeds. 
Annual Review of Entomology 43, 369-93.

Parker, I.M. (2000). Invasion dynamics of Cytisus 
scoparius: a matrix model approach. Ecological 
Applications 10, 726-43.

Rees, M., and Paynter, Q. (1997). Biological control 
of Scotch broom: modelling the determinants of 
abundance and the potential impact of introduced 
insect herbivores. Journal of Applied Ecology 34, 
1203-21.

Shea, K., and Kelly, D. (1998). Estimating biocon-
trol agent impact with matrix models: Carduus 
nutans in New Zealand. Ecological Applications 
8, 824-32.

Wapshere, A.J., Delfosse, E.S. and Cullen, J.M. (1989). 
Recent developments in biological control of 
weeds. Crop Protection 8, 227-50.

Zalucki, M.P. and van Klinken, R.D. (in press). Predict-
ing population dynamics and abundance of intro-
duced biological agents: Science or gazing into 
crystal balls. Australian Journal of Entomology.




