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Spatially explicit models for weed– 
biocontrol agent interactions: 

scentless chamomile as a case study

Tomás de Camino Beck,1 Alec McClay2 and Mark Lewis1

Summary

Scentless chamomile (Matricaria perforata) Mérat is an annual or short-lived perennial weed native to
Europe that is becoming a serious problem in agricultural land in western Canada. Three biological
control agents have been released in western Canada. The seed weevil Omphalapion hookeri and the
gall midge Rhopalomyia tripleurospermi are well established and dispersing at numerous sites, while
the stem weevil Microplontus edentulus is only established at a few sites to date. The impact of these
insects is difficult to evaluate because of the patchy distribution and fluctuating density of the target
weed. We have represented the interactions between scentless chamomile, O. hookeri, and R. tripleu-
rospermi in a landscape context using a coupled map lattice model. This model incorporates (1) stage-
structured population models for the target weed and the two biocontrol agents, (2) dispersal kernels
for each of the organisms, and (3) a geographical information system (GIS) landscape layer repre-
senting spatial heterogeneity such as land-use patterns. Estimates are available for many of the required
parameters. The model will be used to predict the outcome of the weed–biocontrol agent interactions,
suggest methods of impact evaluation in the field, and to develop recommendations to optimize release
strategies. The model provides a general framework which could readily be adapted to model many
weed–biocontrol agent interactions in a spatial context.

Keywords: coupled map lattice, dispersal, modelling, scentless chamomile, spatial 
ecology.

Introduction
Scentless chamomile (Matricaria perforata Mérat, syn.
Tripleurospermum perforatum [Mérat] M. Lainz,
Asteraceae) is an annual, winter annual, or short-lived
perennial European weed that has become a major
problem in the prairie provinces of Canada (Manitoba,
Saskatchewan, Alberta, and north-eastern British
Columbia) (Woo et al. 1991). It occurs primarily in
disturbed or cultivated land, and once established in
suitable habitats, it spreads rapidly because of its
profuse seed production. Dense populations of scent-
less chamomile cause significant crop losses (Douglas

et al. 1991, 1992) and herbicidal control is difficult
when plants are beyond the seedling stage (Ali 2000).

The life history of scentless chamomile is plastic. In
Canada, seeds germinating by mid-July give rise to
annual plants that flower and set seed the same summer
(annual life history). Seeds germinating later in the
growing season give rise to overwintering rosettes that
bolt, flower and set seed the following season (winter
annual life history) (Blackshaw & Harker 1997). The
overwintered rosettes typically produce larger, multi-
stemmed plants that produce large amounts of seed.
They are also more difficult to control with herbicides
than the summer annual plants. Most plants die after
setting seed, but a small percentage may resprout and
flower for a second season.

Scentless chamomile was proposed as a target for
biological control in Canada in 1989 (Peschken 1989;
Peschken et al. 1990), and three insect agents have been
released and established against it. The seed-feeding
weevil Omphalapion hookeri (Kirby) (Coleoptera:
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Brentidae) was first released in 1992, and is now estab-
lished at numerous sites across the prairie provinces
(McClay & De Clerck-Floate 1999). The stem-mining
weevil Microplontus edentulus (Schultze) (Coleoptera:
Curculionidae) was first released in 1997 but has only
established at a few sites, and the gall midge Rhopalo-
myia tripleurospermi Skuhravá (Diptera: Cecidomyi-
idae) was first released in 1999 and rapidly established
at numerous sites across the prairies (McClay et al.
2002; McClay, unpublished).

Scentless chamomile is a suitable target for biolog-
ical control in that it has no closely related native
species in North America, reducing the risk of non-
target damage. However, it is a somewhat unorthodox
target in that it is a pioneer species which typically
forms large flushes of seedlings when a seed source
coincides with a soil disturbance. It is not a strong
competitor with perennial plants, so if there is no
further soil disturbance it tends to be displaced by
grasses and other perennials after 3–4 years. In the
Parkland region of central Alberta and Saskatchewan,
high densities of scentless chamomile are often found
around the margins of sloughs (shallow prairie ponds or
wetlands), along field edges and roadsides, in farm-
yards and home sites, along pipeline rights-of-way, and
in urban and industrial areas and construction sites (see
Bowes et al. 1994). These marginal populations prob-
ably provide the seed source for dense, localized field-
scale outbreaks covering a quarter-section (64 ha) or
more of cultivated land, known locally as “white
fields”. These occur sporadically when scentless cham-
omile seed is spread though a field by natural dispersal
or by farming operations, and other methods of control
are not applied in time to prevent flowering and seed
set. Scentless chamomile can form the dominant cover
in these fields, causing heavy crop losses and creating a
large seed bank from which recruitment can occur in
future years when conditions are suitable. Seed from
both the marginal and “white-field” populations is
dispersed naturally by wind and water movement, as
well as by human-aided movement of contaminated
soil, seed, hay, livestock, farm equipment, and vehicles. 

Scentless chamomile populations thus form a
shifting mosaic in which large outbreaks occur, fade out
and are replaced by new outbreaks elsewhere in the
landscape. This poses three problems for biological
control: 
1. can the biological control agents track these shifting

resource patches quickly enough to build up to
damaging population levels?

2. how can we identify and evaluate the impact of a
biological control agent when, even in the absence
of control, the weed populations are transitory?

3. how can biological control agents be selected, and
release strategies planned, to maximize the impact
of biological control?
Because of the difficulty of conducting experimental

evaluations on a large scale, we propose that a simula-

tion model of the interactions between scentless cham-
omile and its biological control agents on a landscape
scale would be a useful tool in understanding the poten-
tial for successful biological control in this system.

Materials and methods
Our modelling approach consists of: 1) life history defi-
nition for each species (scentless chamomile, O.
hookeri and R. tripleurospermi), 2) matrix model
construction, 3) matrix model embedded in a spatial
model (coupled map lattice) and 4) simplify the
coupled map lattice into a cellular automata.

Because of the high seasonality of scentless chamo-
mile–agent interaction, a matrix model was used. A
matrix model summarizes the host’s life cycle in a
series of transition coefficients that represent the prob-
ability of an individual growing from one life stage to
the next, and then reproducing. A matrix population
model is defined as:

nt+1 = Bnt (1)

For scentless chamomile, B is a 3 × 3 projection matrix
and n is a vector n = (s,r,f)T with 3 stages. An entry bij
in B describes the fraction of individuals in stage j that
move to stage i. Table 1 describe the transitions in
detail. In this matrix model, time occurs in yearly steps,
providing a very direct way of describing population
dynamics for highly seasonal plants. The total popula-
tion growth rate λ can be calculated as the dominant
eigenvalue of B. Figure 1 shows the life-cycle structure
of scentless chamomile and the stage transitions as a
graph model. The corresponding projection matrix is
defined by:

We constructed similar models for the biological
control agents. For the seed weevil, for example,
because the weevil has only one generation per year,
the beetle dynamics is modelled by:

wt+1 = rwt

where wt is the density of adult weevils at time t, and r
is the per capita growth rate. The link to the population
model for the host weed is given by r being an
increasing function with respect to flower density. That
is, when flower density is high, the weevil population
growth rate will be maximal. The seed weevil effect in
matrix B is given by making R, the number of seeds per
flowering head, a decreasing function of weevil
density. The dynamics of the gall midge are included in
the model in a similar way.

Thus, interactions between weed and biocontrol
agent are represented by terms in the matrix models.
For instance, scentless chamomile seed production will
be reduced by an amount dependent on the local popu-

B
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lation of the seed weevil O. hookeri. Conversely, popu-
lations of the biological control agents depend on the
availability of the required host-plant resources, such as
seed heads for O. hookeri or rosettes for the overwin-
tering generation of R. tripleurospermi. 

To place the matrix models in a spatial context, we
used a coupled map lattice (CML). A CML is a discrete
time and space model where local populations of scent-
less chamomile are modelled using Equation 1 as cells
in a square array, and linked by a dispersal process that
moves part of the population in each generation from
one cell at y to adjacent or nearby cells at x. There are
two important processes occurring, dispersal and
demography. The CML model is described by:

where K is the dispersal matrix, describing the proba-
bility of dispersing from y to x; the vector n and matrix
B are the stage vector and projection matrix as in Equa-
tion 1, where the matrix may now depend upon location
y and have a density-dependence through n; and the
vector c(x) represents growth constraints in a given
location x. The array of vectors c can be linked directly
to landscape information using land use/cover maps.
The symbol � indicates component-wise multiplication
of two matrices or two vectors.

The coupled map lattice model has been imple-
mented as a Windows stand-alone computer program
(Fig. 1). This implementation allows a user to specify:
1. an initial spatial distribution for a weed and a

biocontrol agent
2. the parameters of the matrix models describing their

population growth and interactions
3. their dispersal kernels
4. an underlying landscape layer representing spatial

variation in habitat suitability for the weed. 
For a desired number of iterations, the program then

calculates the populations of the weed and the biocon-
trol agent in each cell from the matrix model and the
dispersal function, and produces a graphical display
showing the development of population density of each
species over time and space. Sample output for scent-
less chamomile spread through a hypothetical land-
scape in the absence of biological control agents is
shown in Figure 2.

As a final step, we plan to build an equivalent
cellular automaton (CA) model to study the spatial
dynamics and pattern in a more general way to derive
some rules-of-thumb for decision-making. A cellular
automaton is a lattice of cells, each of which can be in
a finite number of states, and which evolves in discrete
time steps. A uniform set of rules governs the evolution
of each cell, based on its current state and that of the
cells in its neighbourhood. The state of each cell would
represent the populations of the weed and the biological
control agents. CA models are computationally simpler
than CML models because of the finite number of
possible states for each cell, but can reproduce the
essential behaviour of the corresponding CML model.
CA implementations may thus be more practicable for
running scenarios designed to provide guidance on
management-related questions such as the optimum
size, spacing or location of biological control agent
releases.

Table 1. Parameters for the matrix population model for
scentless chamomile. 

Parameter Meaning

R Seeds per flowering head
s σ = σ1σ2, survivorship of seeds from fall to fall
σ1 Survivorship of seeds from fall to spring
σ2 Survivorship of seeds from spring to fall
σ3 Survivorship of rosettes from summer to spring
G1 Germination fraction seed to flowers (survivorship 

to summer)
G2 Germination fraction seed to rosettes (survivorship 

to fall)
h Flowering heads per germinated seed
H Flowering heads per rosette
F1 Fraction of produced seeds that go to the seed bank
F2 Fraction of produced seeds that germinate as rosettes
F3 Fraction of produced seeds that germinate as flow-

ering plants

Figure 1. Scentless chamomile stage structure. s ~ seeds
in the seed bank, r ~ rosettes and f ~ flowering
heads (plants). Transition parameters are
described in Table 1.

nt 1+ x( ) c x( )° K x y( , )°B y nt y( )( , )[ ]nt y( )∑=

Figure 2. Coupled map lattice model output, illustrating
dispersal of scentless chamomile on a hypothet-
ical landscape. The grey levels indicate growing
constraints imposed by the landscape. Black
represents no growth, and white unrestricted
growth. Dotted lines outline areas invaded by
scentless chamomile. The simulation was run
over a period of 3 years, with a pixel size of
900 m2.
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Data sources

Some of the data to needed to parameterise the matrix
and CML models for scentless chamomile and its biolog-
ical control agents can be estimated from the literature or
from previous studies that we have undertaken. A popu-
lation model for scentless chamomile was developed by
Buckley et al. (2001) based on the data of Hinz (1999),
but this model considers only the winter annual life
cycle. Seed predation rates for O. hookeri were estimated
by McClay et al. (1999) at approximately 11 seeds
destroyed per weevil completing development. Some
field evaluations of the impact of R. tripleurospermi have
suggested that it has less effect on scentless chamomile
than was originally expected, due to compensatory
regrowth of the plant (A. McClay, unpublished data).
These studies, however, were carried out in the absence
of significant competition from other vegetation. Further
evaluation should focus on the effects of R. tripleuros-
permi on the performance of scentless chamomile
growing in competition with other species. Dispersal
rates for O. hookeri and R. tripleurospermi can be esti-
mated from survey data obtained from the original
releases of these species at Vegreville, Alberta. Ompha-
lapion hookeri was first released there in 1993 and is
currently spreading at a rate of about 2.8 km year–1,
while R. tripleurospermi was first released in 1999 and is
spreading at around 5.2 km year–1 (A. McClay, unpub-
lished data). Some spatial distribution data for scentless
chamomile are available from field surveys conducted in
Saskatchewan (G. Bowes, Saskatchewan Agriculture
and Food, personal communication).

Further field and experimental studies are planned to
refine the parameter estimates for the scentless chamo-
mile matrix model, evaluate the individual-level impact
of the biological control agents on scentless chamo-
mile, and characterize the spatial distribution and
temporal persistence of scentless chamomile habitats in
infested areas of Alberta. 

Results

Figure 2 shows a preliminary result of a simulation of the
spread of scentless chamomile under a hypothetical land-
scape. Parameters for the matrix model are taken from
Hinz (1999), and an additional density-dependent seed
productivity function is used by fitting a negative expo-
nential function to Hinz’s density-dependent experiments.
In the simulations, stochastic long-distance dispersal is
included.

Discussion

For a perennial weed occupying stable habitats, we
expect that individuals and populations of the target
weed persist in one area long enough for numerous
successive generations of the biological control agent
to develop and have a cumulative impact on the weed.

In these situations, it may be possible to understand the
process of biological control by studying the develop-
ment of agent populations and their effects on host plant
damage, survival, and demography on a local scale. In
contrast, a pioneer species like scentless chamomile
forms a “moving target”, where the appearance and
decline of new host patches, and the dispersal processes
of both the agents and the weed, must play a major role
in their interactions. It is possible that effective use of
classical biological control in such a system may
require more management involvement, such as peri-
odic re-releases of agents, than is needed in a more
“typical” perennial system. We believe that a land-
scape-scale approach to modelling the interactions
between scentless chamomile and its biological control
agents, incorporating the kinds of environmental heter-
ogeneity seen in the field, will be a useful tool in under-
standing the processes involved in biological control of
this weed. Such a model may help in evaluating the
success of control, indicating data requirements for
impact evaluation, guiding management strategies such
as selecting the best spacing, distribution, or size of
releases of agents, and in selecting further biological
control agents for study if it should be determined that
more agents are needed.

The models and the computer implementation we
are developing can be applied to any weed biocontrol
situation where the necessary data are available to
describe population processes as a stage-structured
model, dispersal as a dispersal kernel, and habitat suit-
ability as a geographical information system (GIS)
layer. It may thus be useful in understanding the spatial
aspects of weed biocontrol in general and in guiding the
development of optimal strategies for its use. 
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