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Summary
An understanding of the population dy-
namics of the target weed is considered to
be a key element in the evaluation of any
biological control project. In the case of
Onopordum thistles, data collection com-
menced prior to the release of agents and
a set of data is now held on the demogra-
phy of several infestations over a five-
year period. This period covers climatic
extremes of drought and high rainfall
and provides a measure of the fluctua-
tions in thistle population levels that oc-
cur in the absence of natural enemies.
Such data will provide a basemark from
which to measure the impact of future
control strategies, including biological
control. The study illustrates the type of
data, such as seed bank estimates and sur-
vival between life stages, that will be im-
portant for the assessment of control
strategies. The study also enables com-
parisons between populations of O.
acanthium and those having an affinity
to O. illyricum, the latter showing a
greater tendency to perennation. Differ-
ences in life history traits will have im-
plications for management of these this-
tles in particular, and other species of
thistle in general.

Introduction
Onopordum acanthium and O. illyricum are
herbaceous, monocarpic plants with
mainly biennial or perennial life-cycles
which reproduce only by seeds (achenes).
They form rosettes in their first year and

develop a thick tap root that supports the
development of an erect flowering stem
1–2.5 metres in height later in the life-cy-
cle. In south-eastern Australia the plants
have a tendency to form dense stands,
smothering desirable vegetation with
their rosette leaves, thus reducing pasture
stocking rates (Briese 1990). Plants may
produce up to 20 000 seeds (unpublished
data), a proportion of which become in-
corporated in a long-lived soil seed bank
(Cavers et al. 1995). Seed which becomes
incorporated into the soil may acquire
burial-induced dormancy (Young and
Evans 1972, Campbell et al. 1991) and re-
main viable for more than 20 years (Toole
and Brown 1946).

The aim of the present study is to estab-
lish baseline data against which the effec-
tiveness of current or proposed weed
management practices, such as biological
control (Briese 1990), may be assessed.
While other demographic studies have
been carried out on Onopordum thistles in
Australia, these have only been for one or
two years duration and have looked at
particular aspects, such as soil seed banks
(Cavers et al. 1995) or the fate of particular
seedling cohorts (Groves et al. 1990). The
present study is the first comprehensive
study of plant and seed population dy-
namics over a sufficiently long period (five
years) to encompass a range of climatic
conditions. This paper summarizes the
initial findings of the demographic study
carried out on two populations of

Onopordum thistles, one of O. acanthium
and the other of O. illyricum. There is con-
siderable morphological variation among
plants currently referred to as O. illyricum,
and the question of the identity of Austral-
ian plants assigned to this taxon remains
to be resolved (Michael 1996). For simplic-
ity, the name O. illyricum has been main-
tained for populations of Onopordum hav-
ing a close affinity with that taxon.

Methods
The O. illyricum infestation was situated at
‘Bobbara’, Galong, New South Wales
(34° 36'S, 148° 34'E). The pasture was com-
posed of Mediterranean annual grasses
and several introduced herbs (Groves et al.
1990), and was grazed predominantly by
sheep and occasionally by cattle. The pad-
dock had a history of cultivation for oats
and wheat prior to 1985. The O. acanthium
infestation was situated at ‘Lanyon’, Aus-
tralian Capital Territory (35° 29'S, 149°
05'E). Perennial grasses, annual grasses
and herbs formed the pasture at this site,
which was grazed exclusively by cattle.
Productivity of the pasture species has
been increased through the application of
superphosphate fertilizer.

Monthly rainfall records for ‘Bobbara’
were obtained from the property man-
ager, while those for ‘Lanyon’ were com-
piled from the records of the Bureau of
Meteorology. Both study sites experienced
similar rainfall patterns throughout the
study period. Rainfall occurred through-
out the year and showed no seasonal pat-
tern, while differences in the yearly rain-
fall totals between sites were negligible
(Figure 1).

The study sites (a 50 × 30 m plot at
‘Bobbara’ and a 25 × 25 m plot at ‘Lanyon’)
were visited at six to eight week intervals.
On the initial visit to each site the position
and size of every rosette in ten randomly
positioned 1 × 0.5 m quadrats was re-
corded. On subsequent visits the fate of
plants was monitored and the position of
newly established plants recorded. During
summer months when Onopordum plants
at each study site were in flower, the diam-
eter of each capitulum on each plant flow-
ering within a quadrat was recorded. Po-
tential seed production for each plant was
determined using a regression equation
relating the diameter of a mature
seedhead to the number of viable seeds it
contains. Regression equations were de-
termined separately for each site from
data collected by dissecting 100 mature ca-
pitula of varying diameters and determin-
ing the number of viable seed within each
(Briese unpublished). In summers when
the number of flowering plants within
quadrats was low, an additional area
within the study plot containing 40–60
flowering plants was delimited, and every
flowering plant within it monitored as
mentioned above.
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Figure 1. Yearly rainfall totals at ‘Lanyon’ (O. acanthium) and ‘Bobbara’ (O.
illyricum) study sites.
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Each year soil cores were taken before
and after seeds had been shed. On each
occasion 100 random cores measuring 3.2
cm in diameter and 10 cm in depth were
taken within the study sites, but not within
the quadrats. In the laboratory Onopordum
seed was isolated from each soil core by
washing. This seed was then placed in
small petri-dishes on moist filter paper in a
humidity cabinet (20°C/8 h daylength) in
order to determine its viability.

Data collected periodically from the
quadrats at each site have been combined
and averaged to produce a seasonal sum-
mary of seedling recruitment, plant death
and seed production for each site over the
five year period.

Results

Plant demography
The variation in plant density at both
Onopordum study sites was seasonal over
the term of the study, and the pattern of
this variation was similar between the in-
festations (Figure 2). As Onopordum this-
tles are not capable of vegetative repro-
duction, increases in plant density were
driven by seed germination events, pre-
dominantly occurring through summer
(December–February) and autumn
(March–May) (Figure 4). An increase in the
density of rosettes at either site was fol-
lowed by a gradual decline in density until
the next period of high germination oc-
curred (Figure 3). At the O. acanthium site,
rosette densities declined gradually over
the first two years of the study from 126
plants m-2 in spring 1991, to a low of 1.8
plants m-2 in summer 1993/94. Over the
same period, the density of rosettes at the
O. illyricum site increased from a low of
19.6 plants m-2 in summer 1991/92, to 54
plants m-2 in summer 1993/94. A period of
high germination in summer 1993/94 at
both study sites led to a large increase in
rosette density (114.2 O. acanthium rosettes
m-2 and 337 O. illyricum rosettes m-2 in au-
tumn 1994) (Figure 3). Drought conditions
from late autumn 1994 and to spring pre-
cluded the establishment of large seedling
cohorts and increased mortality amongst
rosettes (Figure 3). The density of rosettes
at both study sites increased in autumn
1995 due to germinations that occurred
through summer 1994/95 (Figure 4).
Through 1995, the density of rosettes de-
clined at a rate similar to that observed in
the years of the study prior to 1994.

The variation in the densities of both ro-
settes and of flowering plants between
summers followed very similar trends at
both sites over the course of the study
(Figure 3). Due to the different phenolo-
gies of the two species caution should be
taken in interpreting these data directly
however. In the case of O. illyricum, the
majority of flowering plants in each
summer did not originate from seedlingFigure 4. Variation of Onopordum spp. seedling density at two study sites.

Figure 2. Variation of Onopordum spp. plant density at two study sites.

Figure 3. Variation of Onopordum spp. rosette density at two study sites
(seedlings excluded).
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cohorts established in the previous sum-
mer. In summer 1995/96 for example, the
flowering plant density was 13.0 plants
m-2, with the majority of these having
passed two or more winters as a rosette
before bolting. Plants that had established
in the summer of 1994/95 contributed
only minimally to this total (0.2 plants m-2).
O. acanthium on the other hand exhibits a
more biennial nature, although some de-
gree of perennation has been observed.
The majority of plants contributing to the
flowering population in summer 1995/96
had germinated in either summer 1994/95
or autumn 1995 (4.6 and 2.2 plants m-2 re-
spectively).

Seedling emergence
At both sites maximum germination oc-
curred during summer, with peaks of
moderate germination in autumn, and
some germination within other seasons
(Figure 4). Conditions for germination
were exceptionally favourable at the O.
illyricum site during summer 1993/94
when two periods of seedling emergence

were recorded, the first in January (85.2
seedlings m-2), and the second in February
(1212 seedlings m-2). Over the same period
at the O. acanthium site a single instance of
germination was recorded in February
(299.6 seedlings m-2). Seedling emergence
at any one time at the O. acanthium site was
typically an order of magnitude smaller
than that recorded at the O. illyricum site.

Seed production
Over the five years of the study, seed pro-
duction in the O. acanthium and O. illyricum
infestations was highly variable (Figure 5).
At the O. illyricum site a relatively small
seed rain in summer 1991/92 (798 seeds
m-2) was followed by a massive seed rain
in summer 1992/93 (10 134 seeds m-2). In
following years seed production was
again smaller (4860 and 1534 seeds m-2),
the latter value showing the effect of low
rainfall during 1994 on seed production.
Despite a large number of flowering
plants, a lower number of seeds was pro-
duced in summer 1995/96 (732 seeds m-2)
due to mechanical slashing of the study

plot by the landholder (Figures 3 and 5).
This caused early flowering plants to tiller
and produce a smaller number of capitula
than expected. At the O. acanthium site,
seed production was similar in summer
1991/92 (1920 seeds m-2) and summer
1992/93 (2325 seeds m-2), but this level was
greatly reduced in the following two years
(122 and 70 seeds m-2 respectively), before
it returned to earlier levels of seed produc-
tion in summer 1995/96 (2384 seeds m-2)
(Figure 5).

Soil seedbank
The total number of viable seeds in the
seedbank at the O. acanthium infestation
varied little between sample dates until
1993, but showed a gradual decline over
the next two years. This decline corre-
sponded with two consecutive years of
low seed input. Soil seed reserves at the O.
illyricum site were rapidly augmented
from 1380 seeds m-2 in 1992 to 7584 seeds
m-2 in 1993, as a result of high seed produc-
tion in the intervening summer (Figure 6).
Subsequently, seed loss due to such proc-
esses as predation, germination and expo-
sure significantly reduced the amount of
viable seed in the soil seedbank to just
over 4376 seeds m-2 by spring 1993. Seed
production in summer 1993/94 and sum-
mer 1994/95 was sufficiently high to pre-
vent the density of viable seed in the soil
seedbank from returning to the low levels
recorded at the commencement of the
study (Figure 6).

Discussion
These data establish a baseline range of
demographic parameters for Onopordum
infestations by which to assess the success
of control measures imposed subse-
quently. The five-year period of the study
included periods of drought and high rain-
fall, as well as variation in pasture cover.
Annual fluctuations in the density of ma-
ture plants were of the order of 40-fold for
O. acanthium, and 10-fold for O. illyricum.
Seed production varied by two orders of
magnitude at both sites, though this was
dampened by the longevity of seed in the
soil seed bank. Soil seed reserves varied
by less than one order of magnitude at
both sites over the study period. As indi-
cated by events at Galong, the O. illyricum
soil seed bank can be augmented rapidly
following a season of high seed produc-
tion. Seed production of an Onopordum
population is not directly related to plant
density, as plant growth is strongly af-
fected by rainfall. The positive effect of
rainfall on seed production can, however,
be modified by competition from other
pasture components. This may well ex-
plain the fact that, unlike O. illyricum, there
was not a large increase in seed produc-
tion of O. acanthium at Lanyon in summer
1992/93 following a year of particularly
high rainfall (Figure 5).

Figure 5. Estimated seed production for Onopordum spp. infestations at two
study sites.

Figure 6. Estimated soil seedbank density for Onopordum spp. infestations at
two study sites.
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While germination can occur year
round, it is mainly summer and autumn
peaks that contribute to subsequent co-
horts of Onopordum plants (unpublished
data, Cavers et al. 1995). The intensity of
seedling emergence appears to be closely
related to both the size of the soil seed re-
serves, and rainfall and pasture cover (un-
published data). For example, there were
two very high peaks of germination at the
O. illyricum site, one following a large seed
input in the previous season, and the
other, despite reduced soil seed reserves,
after the breaking of a drought period
when pasture cover was very low. Seed-
ling mortality was initially high at both
sites, leading to cyclical patterns in plant
density that peak in late summer or au-
tumn. Intra-specific competition is prob-
ably the main cause of the high levels of
seedling mortality, though grazing-medi-
ated competition from other pasture com-
ponents may also play a role (Groves et al.
1990).

Fluctuations in the number of mature
plants will have been moderated to some
extent at the O. illyricum site because a
large proportion of the plant population
behaved as facultative perennials rather
than strict biennials. A much lesser degree
of perennation was observed at the O.
acanthium site. Perennation may well be a
response to stress (Klinkhammer et al.
1996), and the fact that a proportion of the
thistle population may persist in the ro-
sette stage for several years before flow-
ering will need to be considered when de-
veloping management strategies.

Population levels at the O. acanthium site
showed similar patterns to that observed
for O. illyricum, but with a generally lower
amplitude (Figure 2). The main exceptions
to this were reductions in the density of
flowering plants at the O. acanthium site in
summer 1993/94 and summer 1994/95
(Figure 3). An application of superphos-
phate to the study site in January 1992 led
to an increase in pasture grass cover
throughout 1992 and 1993 (Briese unpub-
lished data). The O. acanthium plants that
had established at the site prior to the ap-
plication of fertilizer were able to compete
with pasture and contribute to seed pro-
duction in summer 1992/93. However,
seedling germinations through 1992 and
1993 were low and establishment was
poor due to inter-specific competition
(Cavers et al. 1995) which resulted in few
plants flowering and setting seed in the
subsequent season (Figure 3). Long-term
differences in thistle densities and seed
bank size between the two sites probably
reflect differences in pasture management
(annual vs. perennial) and grazing prac-
tices (sheep vs. cattle), rather than climatic
or species-specific variation.

In conclusion, these data show the
trends that occur in the demography of
Onopordum thistle populations under a

range of conditions, and indicate the limits
of population parameters that need to be
exceeded before control measures can be
judged effective. Further analyses are re-
quired however, to demonstrate fully the
dynamic processes involved. To effec-
tively manage a weedy plant, it is essential
that the impact of various control meas-
ures on these processes is understood.
Furthermore, detailed knowledge of de-
mographic events can help to identify
stages of the weed that are vulnerable to
particular control strategies (Shea 1996).
More detailed analyses of the data sets
summarized here will permit the develop-
ment of models of population dynamics
of Onopordum thistles that should help
guide the development of integrated man-
agement strategies for these noxious
weeds.
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