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Summary
This paper reviews ecological literature
and presents previously unpublished
data concerning population dynamics of
broom (Cytisus scoparius) in Europe.
These studies, together with recent
population dynamics modelling, pro-
vide strong evidence that insect herbiv-
ores regulate European broom popula-
tions, suggesting biological control could
succeed in controlling exotic weedy
populations. Furthermore, grazing by
mammalian herbivores and the fre-
quency of disturbances to the soil sur-
face, that create microsites for seedling
germination, were also shown to regu-
late populations, suggesting that grazing
and land management strategies could
be useful for the integrated control of
weedy exotic populations.

Introduction
Broom (Cytisus scoparius (L.) Link) is na-
tive to Europe (Tutin et al. 1968) where it
can be a minor weed (Gilchrist 1980,
Rousseau and Loiseau 1982, Thompson
1988). In New Zealand, Australia and the
United States it is a serious introduced
weed of pasture, bushland and forestry
and the target of biological control pro-
grams (Parsons and Cuthbertson 1992,
Hosking et al. 1998).

Studying weed population ecology can
reveal why introduced populations are
weedy (Noble 1989, Crawley et al. 1993),
can aid biological control agent selection
(Briese 1993, Scott 1996), and provides a
scientific basis for integrating weed man-
agement techniques. The data obtained,
when used to develop population models,
can help predict the effect of biological
control agents on target weed populations
(Lonsdale et al. 1995, Rees and Paynter

1997) and how population parameters in-
teract to make a plant an invasive weed
(e.g. Rees and Paynter 1997). For example,
the spatial population models for broom
described by Rees and Paynter (1997) pre-
dict the area occupied by broom by incor-
porating measures of disturbance, germi-
nation, seed bank decay, survival, time to
reproduction, longevity, fecundity, seed
dispersal and the probability broom can
regenerate after a stand dies. This model
requires detailed knowledge of a plant’s
biology and demography, but reliable es-
timates of all the population parameters
required are only now becoming avail-
able.

In a long-term chemical exclusion
study, Waloff and Richards (1977) showed
insect herbivory dramatically reduced
broom growth, fecundity and survival
(Figure 1, and below), suggesting it might
regulate broom populations in the United
Kingdom (UK). However, fecundity may
have little effect on abundance of woody
shrubs (Andersen 1989). Reducing sur-
vival might not affect a broom infestation
if gaps made by dying plants are immedi-
ately recolonized by broom seedlings. Un-
til recently little population data in rela-
tion to broom seed bank dynamics and
seedling recruitment has been available.
This has prevented any conclusive assess-
ment of whether insect herbivores do in-
deed regulate European broom popula-
tions.

As part of a multi-national broom bio-
logical control program, experiments
were set up to study factors affecting
broom recruitment in France and the UK
where broom is native and in Australia
and New Zealand where it is an exotic
weed (Memmott et al. 1993, Fowler et al.
1996). Paynter et al. (1998) described

experiments in the south of broom’s na-
tive range, in southern France.

This paper first overviews ecological
knowledge of broom in Europe then
presents broom recruitment experiments
as carried out in the UK and France. Un-
published results from the UK are com-
pared with the previously published re-
sults from France (Paynter at al. 1998)
which are only summarized here. Results
of these experiments are discussed in rela-
tion to the broom models developed by
Rees and Paynter (1997).

Overview of the ecology of broom
in Europe
Seed production cycles between years of
high and low production in the UK, with a
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Figure 1. Effect of regular spraying
with insecticides on (a) height, (b)
fecundity and (c) mortality of
broom. Sprayed (¡) and unsprayed
(l) plants. From Waloff and
Richards (1977).
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mean yearly output of about 6600 seeds
plant-1, but about 26 000 seeds plant-1 for
insecticide-treated plants, (Waloff and
Richards 1977, Figure 1b). In France,
yearly fecundity of just 72–728 seeds
plant-1 was measured for plants growing
in shady sites and between 1061-5649
seeds plant-1, for unshaded plants (Rees
and Paynter 1997).

Seeds disperse by pod dehiscence,
numbers declining exponentially with
distance. Most land within 1 m of parent
plants; a few can be flung up to 5 m
(Paynter et al. 1996). Broom seeds are
hard-coated and, typically, only a fraction
germinates each year (Paynter et al. 1996).
Seed banks build up (Table 1), despite in-
tense vertebrate seed predation on the soil
surface (>90%, Paynter et al. 1996). Seed-
lings do not survive beneath broom stands
and broom is often found on disturbed
soils in Britain (Waloff 1968). Rousseau
and Loiseau (1982) also recognized the
importance of disturbance, by fire or me-
chanical clearing, for seedling establish-
ment in France. High temperature that
would occur in a fire breaks dormancy of
broom seeds (Tarrega et al. 1992, Bossard
1993).

Broom has an average life expectancy
of 10–12 years in the UK (Waloff and
Richards 1977, Rees and Paynter 1997),
and does not live more than c. 12 years in
France (Rousseau and Loiseau 1982, Rees
and Paynter 1997). A large scale insecti-
cide application experiment performed in
the UK led to about a 50% reduction in
plant mortality over a ten-year period
(Waloff and Richards 1977, Figure 1c).

Methods used for European broom
recruitment experiments
In the UK, plots were set up in the grounds
of Imperial College at Silwood Park, Berk-
shire (Lat. 51° 24'N, Long. 0° 34'W) at an
altitude of 61 m (see Waloff 1968,
Memmott et al. 1993). In southern France,
plots were set up at Mandagout and
L’Esperou, for site descriptions see
Paynter et al. 1998.

The experiments used paired unfenced
and fenced plots to exclude grazing mam-
mals. These plots were divided into 5 × 5
m sub-plots. In the UK, four paired 10 × 20
m plots were used, these had senescent
plants left over from extensive broom
stands that had been present in the previ-
ous decade just prior the experiment.

Unfortunately these plants died prior to
treatment allocation (ring-barked by rab-
bits). The broom seed bank was known to
be significant (M.J. Crawley personal com-
munication). The 1 m high fences were
made of chicken wire (about 5 cm mesh)
supported by large fence posts at the cor-
ners and 1–3 smaller posts along the sides.
Treatments in the UK were allocated by 8
May 1991.

Seed banks were sampled using ten cir-
cular soil-cores (5 cm in diameter by 10 cm
deep) taken at random from each subplot.
Cores were sieved, hand-sorted and the
number of broom seeds with fresh
endosperm recorded. In the UK cores
were taken in 1991 (prior to treatment al-
location) and in 1995 after seed fall so the
effect of disturbance on the proportion of
seed germinating could be determined,
while in France cores had been taken an-
nually after seed fall (Paynter et al. 1998).

Two subplots per plot were cleared and
cultivated, to approximately 10 cm depth
to provide a major disturbance event at the
start of the experiment. One of these sub-
plots was then repeatedly re-cultivated
each summer as in France. At least one re-
maining subplot per plot went undis-
turbed to act as controls.

Several additional treatments were
used in France (Paynter et al. 1998): (a) one
subplot per plot was cleared of broom by
cutting plants at ground level, leaving the
soil undisturbed, (b) hand-weeded com-
petition treatments within a 5 × 10 m
fenced, cleared and cultivated area
(Mandagout only), where a grid of thirty
0.25 m2 quadrats was set up to generate
initial seedling densities of 5, 20 or 80
seedlings per quadrat and left to grow
with or without competing species, (c) in-
secticide, molluscicide, fungicide and con-
trol treatments (applied three times a year)
allocated to 2.5 × 5 m subplots within a 10
× 10 m fenced, cleared and cultivated area
(see details in Paynter et al. 1998).

Broom was sampled within subplots
using both ‘random’ and ‘permanent’ 0.5
× 0.5 m quadrats where censuses were
performed three times per year in spring
(April/May), summer (July/ August) and
autumn (November/early December).
The number of broom seedlings and the
approximate percentage cover of all plant
species were recorded in four randomly
positioned quadrats in each undisturbed,
cultivated and cut (France only) subplot,

which were re-randomized on each sam-
pling date to give statistically independ-
ent samples across dates. Using a flag
composed of coloured tape wrapped
around a cocktail stick, each broom seed-
ling was marked with a unique identifica-
tion number in two permanent quadrats
in each undisturbed, single cultivation
and cut (France only) subplot. The posi-
tion of the two permanent quadrats was
deliberately chosen to reflect areas of low
and high seedling density in each subplot.
Seedling size and presence of arthropod
herbivores and fungal pathogens was
noted in these quadrats on each sampling
date. Age at first flowering and seed set
since disturbance treatment allocation
was noted for all plants in sample
quadrats.

In the competition and pesticide experi-
ments only used in France seedlings
within each quadrat/subplot were la-
belled and measured as in the permanent
quadrats above.

Statistical analysis
Analyses of the UK experiments were per-
formed using the GLIM statistical package
(McCullagh and Nelder 1983). Analyses of
deviance were performed to study varia-
tion in the size of seed banks and the pro-
portion of the seeds that germinated. Fac-
tors tested were plot, fence treatment
(fenced or unfenced), time (1991 or 1995
seed counts) and disturbance treatment
(undisturbed, single, and annual cultiva-
tion). Seed bank counts were log (n+1)
transformed to normalize them prior to
analysis. Other analyses tested whether
plot, fence treatment and disturbance (un-
disturbed and single cultivation) affected
the proportion of seedlings surviving at
each census and whether disturbance,
fence treatment, site and time affected per-
centage cover of broom and competing
vegetation. In these analyses the factor
‘time’ was assigned seven levels, corre-
sponding to the first sample date of seed-
lings and the subsequent summer samples
for each of the six summers (1992-1997).
Annual cultivation was excluded from
these analyses as it killed all seedlings. All
proportion data were analysed after angu-
lar transformation. Where analyses re-
vealed significant treatment effects, least
significant difference (LSD) multiple
range tests were performed to compare
treatment pairs, according to Crawley
(1993). Analysis of the French data was
similar and is described by Paynter et al.
(1998).

Results
Seed banks
The seed bank in the UK averaged (± s.e.)
5405 (± 655) m-2 in 1991 and 5293 (± 770)
m-2 in 1995, and was of similar magnitude
to that observed in France (Table 1), but
only varied significantly between plots

Table 1. Seed banks beneath broom in the native range (seeds m-2).

Seed bank Site Country ReferenceA

5293–5405 Silwood Park, Berkshire UK
3392–6733 County Wicklow Eire 1
c. 3000 (968–19664) Abandoned terraces, Gard France 2
460–1405 Gard France 3
595 Vinuesa Spain 3
A Reference: 1 Smith and Harlen (1991); 2 Paynter et al. (1998); 3 Hosking (1995).



Plant Protection Quarterly Vol.15(4) 2000  151

(F3,40 = 5.33, P<0.01). The seed banks were
not observed to decline by about 50% each
year as observed without seed replenish-
ment in France (Figure 1 in Paynter et al.
1998). This is probably because mature
seeding plants had regenerated in most
plots by the time the seed banks were sam-
pled in 1995.

Germination rates
In both the UK and France, germination
was virtually confined to spring. The pro-
portion of seeds germinating was highest
in disturbed subplots, both in the UK (Ta-
ble 2, Figure 2) and France (where germi-
nation was also correlated to March rain-
fall; Figure 3 in Paynter et al. 1998). In the
UK germination in 1991 was highest in
initially cultivated subplots and in 1995,
germination was significantly higher in
annual cultivation subplots than in both
control and single cultivation subplots,
where germination was negligible (Figure
2).

Survival
In both the UK and France, no seedlings
survived to flowering age under a broom
canopy, even if it had only been estab-
lished for one year. Survival, therefore,
was confined to the first cohorts following
allocation of treatments: no second- or
later-cohort seedlings survived more than
a few weeks in either France (Figure 4 in
Paynter et al. 1998) or the UK (Figure 3).

In the UK, the major factor influencing
seedling survival was grazing. In fenced
and unfenced cultivated plots about 60%
and 0% of first-cohort seedlings survived
to flowering age respectively (Figure 3).
Survival of first-cohort (spring 1991) seed-
lings was not significantly affected by cul-
tivation (Table 3). In France, about 14% of
seedlings survived to flowering age
(fenced and unfenced plots combined;
Figure 4 in Paynter et al. 1998). Survival of
first-cohort seedlings was higher in sub-
plots that were cultivated once than in cut
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Table 2. Analysis of deviance for
the proportion of the broom seed
bank germinating in 1991 and 1995.

Source d.f. F-ratio

Plot 3 2.80
Cultivation 2 3.59*
Fence treatment 1 0.48
Year 1 17.25***
Error 40

Interaction
Cultivation × Year 2 3.34*
Error 38

*P<0.05; ***P<0.001

Figure 2. Percentage of seeds germinating each year (± s.e.) in the UK, for
the disturbance treatments:       = undisturbed;       = single initial
cultivation;       = annual cultivation. Columns within the same year with
the same letter are not significantly different.
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Figure 3. Percentage of seedlings surviving to each census in the UK (± s.e.) in both fenced and unfenced plots. For:
(a) first cohort of seedlings that germinated in Spring 1991, where Time = time from the spring census 1991, and (b)
second cohort of seedlings that germinated in spring 1992, where Time = time from the spring census 1992.
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subplots. However, there was no signifi-
cant effect of intra- or interspecific compe-
tition on survival in the competition ex-
periment in France, although seedling
height declined with increasing initial
seedling density (Figure 8 in Paynter et al.
1998). There was also no significant effect
of pesticide application on seedling estab-
lishment from the French experiment.

Seedling growth and flowering
In the UK, seedlings reached a mean
height of about 80 cm after just 24 months,
setting seed after 27 months and attaining
a maximum height of 210 cm after 63
months. In France plants grew slower
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than in the UK. The mean
height of surviving seedlings in
single cultivation and cut sub-
plots was about 80 cm after 39
months. During their fourth
year 39% of surviving plants
flowered, although most flow-
ers aborted so only 7% of plants
set seed and the mean seed pro-
duction was just 38.3 seeds m-2.

In the French experiment
interspecific competition sig-
nificantly affected fecundity.
After just 27 months nearly 10%
of surviving plants set seed in
the no competition treatment,
whereas only 0.3% of plants ex-
posed to interspecific competi-
tion set seed. There was no ef-
fect of pesticide application on
the minimum age of reproduc-
tion. However, insecticide-
treated plants had a signifi-
cantly reduced flower abortion
rate and, as in Waloff and
Richards (1977), produced
more seeds per pod and over
three times more seeds per
plant than unsprayed controls
(Groves and Paynter 1998).

Percentage cover
In the UK subplots, percentage
cover of broom was signifi-
cantly affected by plot, fence
treatment and time (Table 4,
Figure 4a), but not cultivation.
The percentage cover of broom
increased from about 5% after
the first census to 70% after 75
months within the fenced plots,
while in unfenced plots it re-
mained negligible throughout
the experiment. The percentage
cover of competing vegetation
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Table 3. Analyses of deviance for
the proportions of broom seedlings
from the first cohort surviving to
each census in the UK experiment.

Source d.f. F-ratio

12 month census
Plot 3 0.30
Cultivation 1 0.88
Fence treatment 1 120.67***
Error 8
24 month census
Plot 3 4.61*
Cultivation 1 0.01
Fence treatment 1 53.93***
Error 8
75 month census
Plot 3 4.61*
Cultivation 1 0.01
Fence treatment 1 17.89**
Error 8

*P<0.05; **P<0.01; ***P<0.001
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Figure 4. Percentage cover of (a) broom and (b)
competing vegetation versus time (months) for
both fenced and unfenced plots (cultivated and
undisturbed combined) in the UK. Time = time
since first census following allocation of
disturbance treatments.
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Table 4. Analysis of deviance for
percentage cover of vegetation
competing with broom (n.b. there
are 4 missing values).

Source d.f. F-ratio

Plot 3 4.57*
Cultivation 1 1.09
Fence treatment 1 0.49
Time 6 3.11**
Error 96

Interactions
Plot × Cultivation 3 1.18
Plot × Fence treat. 3 7.76**
Plot × Time 18 2.59
Fence treat. × Cult. 1 0.07
Fence treat. × Time 6 5.87***
Cultivation × Time 6 0.24
Error 59

*P<0.05; **P<0.01; ***P<0.001

Table 5. Analysis of deviance for
percentage broom cover (n.b. there
are 4 missing values).

Source d.f. F-ratio

Plot 3 10.23**
Cultivation 1 0.43
Fence treatment 1 112.19***
Time 6 4.41***
Error 96

Interactions
Plot × Cultivation 3 2.72
Plot × Fence treat. 3 20.2***
Plot × Time 18 1.14
Fence treat. × Cult. 1 0.04
Fence treat. × Time 6 15.76***
Cultivation × Time 6 0.71
Error 59

***P<0.001

varied significantly with fence treatment,
plot and time (Table 5, Figure 4b). Within
fenced plots it declined from about 60%,
recorded 3 months after allocation of treat-
ments to about 15% after 75 months as
competing broom regenerated. In con-
trast, for unfenced plots, percentage cover
of competing vegetation showed no obvi-
ous trend over time and averaged 40–50%.

In France, percentage cover of broom
was not affected by site or fence treatment,
but was significantly affected by time and
cultivation (Paynter et al. 1998). French
sites, unlike UK sites, had mature broom
cover which remained relatively constant
in undisturbed subplots. However, four
years after allocation of treatments, per-
cent broom cover in the single cultivation
plots was also over 60% and an order of
magnitude higher than in cut plots (Fig-
ure 6 in Paynter et al. 1998). Time and cul-
tivation also significantly affected per-
centage cover of competing vegetation at
the French sites (Figure 7 in Paynter et al.
1998). Within 2 years percent cover of
competing vegetation within cut plots had
risen from 20 to 90%, while it never
reached more than 60% in the cultivated
plots and scarcely changed within single-
cultivation plots.

Discussion
The UK study revealed similarities in
broom recruitment to southern France
(Paynter et al. 1998), germination was
highest in cultivated subplots and seed-
ling survival to flowering was confined to
the first cohort. Seedling survival beneath
established stands was negligible. Graz-
ing in the UK, however, was more intense
(mainly by rabbits) and had a dramatic ef-
fect there on seedling survival (Figure 3).
Plants flowered in their third year in the
UK plots, taking no longer to reach matu-
rity than in exotic habitats in New Zealand
and Australia (Williams 1981, Smith and
Harlen 1991), compared to France, where
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Paynter et al. (1998) argued
seed bank depletion is most
rapid at the soil surface because
buried seeds are more likely to
escape predation (Hulme 1994)
and less likely to germinate
(Tran and Cavanagh 1984,
Bossard 1993, Lonsdale 1993).
Furthermore, broom seedlings
failed to emerge from seeds
planted at depths greater than
about 5 cm (Williams 1981,
Bossard 1993). Therefore, al-
though buried seed has the po-
tential to survive for years, per-
haps decades (Turner 1934),
disturbance is necessary to
bring them close enough to the
soil surface to germinate and
emerge, and to disrupt compet-
ing vegetation that might pre-
vent seedling establishment.
The presence of a long-lived
seed bank may explain how
populations can reappear after
long periods without distur-
bance, but it cannot explain the
persistent presence of a dense
stand of broom (Rees and
Paynter 1997).

The wide range of processes
summarized by the term distur-
bance complicates characteriz-
ing and quantifying the effect of
disturbance. While our experi-
ments used only cultivation,
disturbance also represents, for
example, fire, landslide, flood-
ing, frost heavage, grazing and
trampling by horses and feral
pigs. Broom may have become
a more significant weed in ex-
otic habitats because of differ-
ences in disturbance rates, but
more studies are required to
quantify and characterize dis-
turbances that affect broom.

Longevity
Increased longevity of broom
plants was predicted to have
profound effects on broom
abundance (Figure 5b). This is
largely due to space being occu-
pied for longer – so that at any
given time more space will be
occupied. However, there are
other consequences of in-
creased broom longevity.
Firstly, increased longevity will
result in higher seed production over a
plant’s lifetime. Secondly, denser stands
that persist longer may result in greater
depletion of competing vegetation and
their seed banks. This may have conse-
quences for the probability of self-replace-
ment (see below). Broom lives longer in
exotic habitats than in Europe (Rees and
Paynter 1997) and this is considered to be

due the absence of specialist insect herbiv-
ores (Waloff and Richards 1977), so it ap-
pears that insects are at least partially re-
sponsible for regulation of European
broom populations.

Probability of self-replacement
If the soil surface is colonized by compet-
ing plants, following the death of a plant,
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Figure 5. Predicted proportion of sites with
broom versus (a) probability of disturbance (b)
longevity of broom plants and (c) probability a
site is suitable for recolonization by broom,
after senescence of the original stand. From
Rees and Paynter (1997).

flowering was delayed a further year
(Paynter et al. 1998). Although first-cohort
seedling survival was higher within
fenced plots in the UK than France, this
may simply have been because the first
census was performed later and some
seedling death may have gone unre-
corded.

Stand regeneration was not affected by
cultivation in the UK, but was faster in the
cultivated plots in France (Figure 6 in
Paynter et al. 1998). Although there were
differences in the germination rates be-
tween countries, there are other reasons
for this. Firstly, the undisturbed treatment
in the UK had no live mature broom re-
maining at the start of the experiment,
while the undisturbed treatment in France
comprised of broom stands with almost
complete canopies. The UK undisturbed
treatment was therefore more similar to
the ‘cut’ treatment in France and behaved
accordingly. Secondly, the field site at
Silwood Park is heavily grazed by rabbits
(Crawley 1990) compared to just the infre-
quent passage of a few goats and cattle in
France (Paynter et al. 1998). Even the un-
disturbed treatment in the UK had a
rather degraded herb layer that did not
compete strongly with emerging broom
seedlings. The site could, therefore be con-
sidered ‘inherently disturbed’. Therefore,
disturbance may still be an important fac-
tor affecting establishment of broom seed-
lings in the UK.

Modelling broom population
dynamics
All parameters identified by Rees and
Paynter (1997) had been investigated by at
least one experimental study in Europe
described above. Rees and Paynter (1997)
investigated importance of individual pa-
rameters by varying each parameter while
keeping all other parameters constant and
at levels typically found in Europe. They
showed the proportion of sites occupied
was largely determined by disturbance,
longevity of broom plants and probability
of recolonization after stands die (Figure
5).

Disturbance
Studies described above showed distur-
bance enhances germination and seedling
survival. The model predicted a non-lin-
ear relationship between disturbance and
broom cover (Figure 5a). Low levels of dis-
turbance result in few opportunities for
seedling establishment as seen in the lack
of seedling survival under mature broom.
Conversely, high levels of disturbance, as
in the annual cultivation treatment, allow
extensive establishment, but kill seedlings
before they attain reproductive age, lead-
ing ultimately to seed bank extinction.
There is, however, a large range of inter-
mediate disturbance intensities where
broom persists.
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broom seedlings may fail to establish. Un-
der these circumstances, overall occu-
pancy by broom will be lower than if seed-
lings can recolonize the parental site (Fig-
ure 5c). In France, few seedlings estab-
lished where broom stands were cut
away, stimulating vigorous regrowth of
perennial grasses and herbs that had per-
sisted beneath stands (Paynter et al. 1998).
In Europe, generally, stands do not appear
to regenerate after senescence although
there is some evidence that they do in
Australia (A. Sheppard personal observa-
tion).

Other factors
The models did not suggest that variation
in seedling survival is important because
broom produces so many seeds and seed-
lings that only mortality rates close to
100% can reduce broom cover (Rees and
Paynter 1997). However, in the UK experi-
ment, grazing did have a dramatic effect
on broom populations by achieving such
a high level of mortality.

Rees and Paynter (1997) predicted de-
laying flowering by several years would
significantly reduce the area of suitable
habitat covered by broom. However mini-
mum age for reproduction, at least in the
UK experiment, was the same as has been
recorded in exotic habitats in Australia
and New Zealand where this plant is a
major weed (Williams 1981, Smith and
Harlen 1991). Paynter et al. (1998) showed
that in France interspecific competition,
rather than pathogens and arthropod her-
bivores (which are slow to colonize seed-
lings), can increase the pre-reproductive
period, although flowering one year later
is probably unimportant. Heavy browsing
by herbivorous mammals, not considered
in these studies however, could poten-
tially delay flowering considerably.

Implications for the control of
broom
Biological control
The results of these studies suggest the
prospects for biological control of broom
in exotic habitats are good, provided
sufficiently specific agents can be found.
Insect herbivores can reduce life expect-
ancy of broom plants (Waloff and
Richards 1977) and this should have a dra-
matic effect on broom populations (Rees
and Paynter 1997). Seed-feeders will re-
duce rate of invasion into new habitats
(Paynter et al. 1996) and may even lead to
a decline in broom populations in fre-
quently disturbed habitats such as
braided river beds in New Zealand (Rees
and Paynter 1997). Furthermore, chronic
effects of insect herbivory on plant longev-
ity, size and vigour (Waloff and Richards
1977) might explain why perennial
grasses and herbs, which can smother
seedlings, persist beneath native but, ap-
parently, not exotic stands. Moreover,

where broom is an exotic weed, intro-
duced biological control agents can reach
much greater levels of abundance when
released from their own natural enemies
and competitors to become much more
damaging, as has been seen for a number
of broom agents already released (Syrett
et al. 1999).

Other control strategies
Controlling broom stands by chemical or
physical means, such as by herbicide,
burning and slashing, creates disturbance,
which breaks seed dormancy and creates
the best conditions for establishment.
Thus, all these methods are likely to re-
quire subsequent control treatments,
within two years (i.e. before the regenerat-
ing seedlings are able to reproduce), to
prevent extensive regeneration. Indeed,
where burning or mechanical control is
used in France it provides a temporary so-
lution, but often eventually results in the
establishment of an even denser broom
stand unless the stocking rate is increased
and/or revegetation with native grasses is
performed (Rousseau and Loiseau 1982).
The results of the modelling also suggest
repeated ploughing to deplete the seed
bank could also be effective (see also Par-
sons and Cuthbertson 1992). Grazing
could be a major tool for broom control,
by preventing re-establishment of stands
from the seed bank following stand clear-
ance. However, more work will be needed
to establish whether the results described
above, pertaining to rabbit grazing, are
relevant to other grazing animals. Indeed,
broom abundance has been linked to graz-
ing by cattle in New Zealand (Williams
1983). This approach may not be appropri-
ate for every circumstance, such as in na-
tional parks, and subsequent relaxation of
grazing could create ideal conditions for
seedling establishment from the seed
bank. Manipulating interspecific competi-
tion may also form an important tool for
broom management. Rousseau and
Loiseau (1982) noted that revegetation
with seeds of the perennial grass, Dactylis
glomerata L., reduced broom population
density in pasture two years after me-
chanical clearing.

A tentative management strategy
might involve:
1. Initial clearance of a stand by mechani-

cal or chemical means or by fire.
2. If necessary, a selective spray or

ploughing treatment within two years
and/or:

3. Revegetation with pasture grasses
and/or stocking with sheep or goats.

More work will be required to develop an
optimal integrated strategy for control of
broom, as there are likely to be both ad-
vantages and disadvantages to the vari-
ous options. For example, burning kills
stands and depletes the seed bank by kill-
ing seed and stimulating germination

(Bossard 1993). However, burning will be
much more damaging to competing
ground flora than, for example, selective
herbicide treatment or slashing and, there-
fore, more likely to be accompanied by ex-
tensive regeneration unless options 2 and
3 (above) are also performed. More work
will also be required to study how these
strategies can best be integrated to mini-
mize their impact on populations of bio-
logical control agents. This study has at
least helped outline important factors af-
fecting broom regeneration in the native
range.
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