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Abstract
English broom (Cytisus scoparius) is in-
vading subalpine vegetation on the
Bogong High Plains, Victoria. Current
control measures involve spraying all
visible plants in affected areas with her-
bicides but this will have limited effec-
tiveness because C. scoparius forms a
persistent soil seed bank from which re-
establishment may later occur. Pre-
scribed fire may enhance the control of
C. scoparius in subalpine areas by pro-
moting synchronized germination of
seed from the soil seed bank. The result-
ing large seedling cohort can then be
controlled by application of herbicides.
We studied the effects of a single pre-
scribed fire in an invaded snowgum (Eu-
calyptus pauciflora) woodland on previ-
ously sprayed C. scoparius plants and in
situ germination, and also followed the
post-fire recovery of the native vegeta-
tion. All sprayed C. scoparius plants were
consumed by fire. Substantial germina-
tion occurred in burnt areas in the year
after fire, whereas no germination was
observed in unburnt areas. All native
species in the study area, and all indi-
viduals of snowgum, were capable of
vegetative regeneration following fire
and most (94%) native species reflow-
ered within three years of the fire. If
burning is to enhance control efficacy of
C. scoparius, follow-up strategies (i.e.
herbicide spraying) are necessary within
four years of the fire. After this time, C.
scoparius seedlings begin to flower and
will replenish the depleted soil seed
bank.

Introduction
The invasion by the environmental weed
Cytisus scoparius L. (Link) (English broom)
into the Alpine National Park in Victoria,
Australia poses a threat to the integrity
and functioning of alpine and subalpine
plant communities (Fallavollita and
Norris 1992, Smith 1994). Recent studies
by Fallavollita and Norris (1992) have
highlighted the seriousness of existing
invasions of alpine grasslands and

subalpine woodlands by C. scoparius. Cli-
matic factors associated with high altitude
would not appear to inhibit the potential
for spread of C. scoparius in alpine areas as
some individual plants have already been
observed flowering at >1800 m altitude (J.
Morgan personal observation).

Cytisus scoparius is a leguminous
(Fabaceae) shrub introduced from Europe
that has become a serious environmental
weed in many parts of Australia. It is ac-
tively invading native plant communities
from low elevation rainshadow wood-
lands to subalpine woodlands (Water-
house 1988, Carr et al. 1992, Fallavollita
and Norris 1992, Hosking et al. 1996). Dis-
turbance to the vegetation and soil does
not appear to be a necessary precursor for
invasion into a community, although it
does substantially promote it (Fallavollita
and Norris 1992, Smith 1994, Hosking et
al. 1996). Much ‘undisturbed’ vegetation
in the Alpine National Park is therefore at
risk of future invasion. Once established,
C. scoparius can dominate the vegetation of
an area, alter its floristic composition and
prevent the re-establishment of native
species (Waterhouse 1988, Smith 1994).

Cytisus scoparius germinates readily
from seed and can flower within three
years of germination in the subalpine en-
vironment. Longevity is up to 23 years at
Barrington Tops, NSW (Smith and Harlen
1991). In subalpine woodlands in Victoria,
plants to >20 years of age have been de-
tected (D. Robertson et al. unpublished
data).

Cytisus scoparius devotes considerable
energy to seed production. At the
Barrington Tops, annual seed production
under a C. scoparius canopy was 28–356
seeds m-2 (Smith and Harlen 1991) whilst
annual seed production rates of 107–8885
seeds m-2 have been recorded elsewhere in
Australia (Hosking et al. 1996). While seed
viability is high at dispersal, most seed ini-
tially remains dormant in the soil (Smith
and Harlen 1991). Germination is minimal
in subsequent seasons until disturbance
(to the soil), or climatic extremes, break

the impermeable seed coat. Thus, C.
scoparius forms a persistent soil seed bank
(sensu Thompson and Grime 1979). Smith
and Harlen (1991), for example, report a
soil seed bank of 1100–12 300 seeds m-2 at
Barrington Tops. This presents significant
problems for long-term control of the spe-
cies in native vegetation.

Seeds are dispersed by explosive dehis-
cence up to 5 m from parent plants (Smith
and Harlen 1991), creating slowly expand-
ing, dense thickets. Long-distance disper-
sal can be facilitated by a number of con-
firmed vectors, namely humans, vehicles,
water, ants, soil (e.g. transported for road
making) and livestock (Waterhouse 1988,
Fallavollita and Norris 1992).

The initial transport of C. scoparius into
the subalpine environment near the
Bogong High Plains in Victoria is thought
to have been by cattle brought from low-
land pastures to high country summer
grazing leases. The presence of C. scopar-
ius in areas of cattle movement and en-
campment, as mapped in the report of
Fallavollita and Norris (1992), implicates
cattle as the primary dispersal agent. The
Mitta Mitta valley in north-east Victoria,
where some of these cattle graze over win-
ter, is heavily infested with C. scoparius
and therefore, presents a ready (and sub-
stantial) source of seed for stock ascend-
ing to alpine grazing leases in late Novem-
ber of each year.

Little is known about the patterns and
consequences of invasion by C. scoparius
into subalpine vegetation in Victoria, par-
ticularly the factors that promote its estab-
lishment. An understanding of both the
standing (i.e. established plants) and dor-
mant (i.e. seed) populations is also critical
if an effective control strategy is to be im-
plemented. Currently, the control strategy
employed in the Alpine National Park in-
volves the spraying of obvious, estab-
lished plants using selective herbicides
such as Grazon® with follow-up visits to
affected areas.

A collaborative study conducted by the
Victorian Department of Natural Re-
sources and Environment and La Trobe
University aimed to document some of the
ecological attributes of invading C. scopar-
ius populations in subalpine snowgum
(Eucalyptus pauciflora Sieber ex Spreng.)
woodland to help understand the neces-
sary requirements for control (D. Robert-
son et al. unpublished data). In this paper,
we assess the potential of low intensity
burning to enhance the effectiveness of
current and future control programs.

Rationale for burning as a control option
It is well known that fire promotes the ger-
mination of many native and exotic peas
(Fabaceae) that store dormant seed in the
soil because it breaks hard seed coats and
makes them permeable to water (Auld
and O’Connell 1991). Burning of infested
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0 1 2 3 4areas offers the potential to promote
substantial, pulsed regeneration of C. sco-
parius (Carr et al. 1992). Burning will also
simultaneously control the established in-
festation because C. scoparius is dependent
entirely on seed for recruitment after fire.
As such, burning offers the potential to
deplete a substantial portion of the soil
seed store quickly and hence, decrease the
long-term potential for recruitment in this
species. Follow-up control programs (be it
herbicide spraying, or another fire) are, in
theory, likely to make the control strategy
more effective than current programs
(provided they are implemented before
seedlings reach reproductive age) because
a greater proportion of the potential popu-
lation at a site can be destroyed in a single
control effort.

Before prescribed burning can be con-
sidered as a realistic method for enhanc-
ing the control of C. scoparius infestations
in the Alpine National Park, some basic
ecological understanding of the effect of
fire is necessary. Hence, this preliminary
study addressed three main questions:
i. How effective is burning at promoting

seedling germination of C. scoparius in
invaded areas relative to unburnt, in-
vaded areas?

ii. How far have seeds dispersed from es-
tablished patches and hence, how far
will it be necessary to burn and then
spray from established patches to con-
trol most seedlings?

iii. What impact does burning have on the
native subalpine vegetation?

Materials and methods
Study site
Preliminary studies of the ecology of in-
vading C. scoparius populations were con-
ducted at ‘The Lanes’ (1500 m a.s.l.) on the
eastern side of the Bogong High Plains,
Victoria (Figure 1). The vegetation is a
Snowgum Woodland/Open-Forest domi-
nated by Eucalyptus pauciflora with a
heathy understorey comprising Bossiaea
foliosa A.Cunn., Oxylobium alpestre
F.Muell. and Tasmannia xerophila (Parm.)
M.Gray. Plant names follow Ross (1996)
(except Celmisia and Craspedia, which fol-
low N. Walsh (unpublished manuscript)).
Typically, the shrub layer is low (<1 m)
and rarely dense, with inter-shrub spaces
supporting numerous herbs (e.g. Celmisia
costiniana) and grasses (principally Poa
hothamensis Vickery). The study area com-
prises a short section of an ill-defined
stock route from freehold land in the val-
ley of the Mitta Mitta River to summer
grazing leases on the Bogong High Plains.
The area has been grazed by stock for sev-
eral decades (but excluded from stock
grazing since 1991) and been subject to
occasional fire.

The area represents the first serious in-
cursion of C. scoparius into subalpine areas
on the Bogong High Plains outside of the

Falls Creek ski village area (Fallavollita
and Norris 1992). Moderate to severe in-
festations are now widespread, but dis-
continuous, over an area of 50 ha. The C.
scoparius population at The Lanes consists
of a number of small (tens to hundreds of
square metres) infestations with isolated
outlying or ‘satellite’ populations. Inva-
sion began >20 years ago (D. Robertson et
al. unpublished data).

Pre-fire data collection
In March 1994, a permanent plot approxi-
mately 0.25 ha in area, and centred on a
large sprayed thicket of C. scoparius was
established at The Lanes. The outline of
the C. scoparius infestation in this plot was
mapped and observations on the pre-fire
native vegetation recorded by the line in-
tercept method (Bonham 1989). Average
fuel loads within the infested area were
0.55 kg dry weight m-2.
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Figure 1. Location of the study area at ‘The Lanes’ in north-east Victoria.
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Figure 2. An example of the changes in temperature (°C) at the soil surface
over 600 seconds during a prescribed fire in a Snowgum woodland on the
Bogong High Plains, Victoria.
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Figure 3. Post-burn distribution of seedlings around original infestation of
Cytisus scoparius at The Lanes at two years after fire.         = original clump,
      = area of additional seedling expression. Letters = dominant vegetation
in each patch at the time of burning: B = Bossiaea foliosa, C = Cytisus
scoparius, O = Oxylobium alpestre, T = Tasmannia xerophila , G = grasses
(predominately Poa hothamensis), L = litter. Numbers along margins
represent distance in metres along perimeter axes.
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Six smaller plots (each 100 m2) were
also established in nearby invaded areas
with similar vegetation to further examine
the effects of fire on sprayed C. scoparius
and the native vegetation. Floristic com-
position was determined for each plot us-
ing the Braun-Blanquet method (Bonham
1989). Three of the plots were subse-
quently burnt and the remainder left
unburnt for reference.

Fire event
Several components of the fire event were
determined on the day of burning includ-
ing: Byram fire intensity (kW m-1; see
Johnson and Miyanishi (1995) for a de-
scription of fire intensity measurement),
changes in soil surface temperature (°C)
(an apparatus similar to that of Bradstock
et al. (1992) was used; four Type K
chromel-alumnel thermocouples, at-
tached to a buried DT50 Datataker, re-
corded at 3 second intervals for 5 minutes
before and 10 minutes after the fire front
passed) and changes in soil temperature
(°C) at 10 mm depth (four thermocouples
recorded at 3 second intervals with the
above apparatus).

Control burning occurred on 31 March
1994 at all sites. Rain had fallen the previ-
ous day. At the main plot, the fire event
was thorough, flame heights ranging from
30 cm to >3 m. Tree crown scorch was not
observed. Most litter, herbaceous vegeta-
tion (other than Celmisia costiniana) and
fine branches were consumed by the fire.
Large shrubs and snowgums (>10 cm ba-
sal circumference) were not consumed.
Average Byram fire intensity was 1125
kW m-1, maximum surface soil tempera-
ture was 500°C (9 seconds) and surface
temperatures remained above 100°C for
210 seconds (Figure 2). The soil tempera-
ture at 10 mm depth, however, did not
increase greatly during the fire (i.e. most
soil temperature increases were <5°C),
possibly because soil moisture was high
(ca. 55% of dry weight).

Post-fire data collection
The number of C. scoparius seedlings that
germinated after burning was recorded in
contiguous 0.25 m2 quadrats along two
transects that radiated out from the origin
of the Broom thicket in the larger plot.
Seedlings were counted at 12, 24 and 36
months after burning. New seedlings
were easily identified because the cotyle-
dons remained visible for several months
after germination. Seedling emergence
was also counted in the smaller burnt and
unburnt plots at the same time to deter-
mine the degree of promotion of germina-
tion by burning relative to germination in
the unburnt plots.

The physical extent of the C. scoparius
population of the main thicket was re-
mapped at 24 months after burning to de-
termine how far beyond the original

thicket seedlings were distributed, i.e. the
extent of the ‘halo’ effect.

Species seen regenerating in the burnt
plot were noted at 24 and 36 months after
burning and compared to the original veg-
etation present in the plots. A census of
unburnt plots was also done to determine
compositional changes there. Notes were
made on the primary mode of regenera-
tion (i.e. seedlings versus resprouting
from basal or stem buds) and on the sur-
vival of all snowgums in the burnt area.
The length of time necessary for re-
sprouting plants to flower after fire (sec-
ondary juvenile period) was also noted for
native species during the first three years
of post-fire recovery.

At approximately 1, 2, 3 and 4 years
after burning, notes on the regrowth (av-
erage height, reproductive status) of C.
scoparius were made to determine the
time to reproductive maturity of the seed-
ling cohort and hence, the window of

opportunity for further control before
seed production recommences.

Results
Effect of fire on soil seed bank and
seedling germination
Burning substantially promoted the ger-
mination of seed relative to unburnt areas.
Almost all seedlings emerged in the year
immediately after the fire (Table 1). The
effect is likely to be due to post-fire soil
heating rather than direct soil heating dur-
ing the fire given the minimal (<5°C) tem-
perature increases recorded at 10 mm soil
depth during the fire event. No seedlings
were observed in the unburnt plots over
the three years of observation.

Where C. scoparius thickets have be-
come well established, burning of the area
indicates that seed is distributed up to
about 10 m from the edges of the thicket
(Figure 3). Most seedlings, however, were
found in the centre of the thicket, and

Table 1. Number of new Cytisus scoparius seedlings to emerge over three
years in unburnt and burnt (March 1994) Snowgum woodland plots.

Plot No. Size of plot (m2) Treatment No. of new germinants (m-2)

1995 1996 1997

M(ain) 2500 Burnt range 60–280 0 range 0–32
1 100 Burnt 256 0 0
2 100 Unburnt 0 0 0
3 100 Burnt 144 0 0
4 100 Unburnt 0 0 0
5 100 Burnt 176 0 0
6 100 Unburnt 0 0 0
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densities declined quickly thereafter (Fig-
ure 4).

Effect of burn on native vegetation
Of the 30 species recorded in the vegeta-
tion prior to burning in 1994, only the ex-
otic herb Acetosella vulgaris Fourr. was not
recorded in the post-fire vegetation (Table
2). Several geophytes not observed before
the fire were recorded after the fire (e.g.
Caladenia lyallii Hook.f.), but for most spe-
cies, the fire had little impact on their sur-
vival at the site. In unburnt areas, all 34
species present in 1994 were still present
three years later.

Fire had little impact on most species
because few were fire-sensitive obligate-
seeders. All native species were capable of
some vegetative resprouting. Of the 37
species recorded in the post-fire vegeta-
tion, 35 were observed to resprout from
basal buds as their main mode of regen-
eration (Table 2). All snowgum individu-
als, even those <10 cm basal diameter
whose above-ground parts were com-
pletely consumed by the fire, survived the
fire event by resprouting from the
lignotuber. Only Bossiaea foliosa, of the na-
tive species, would appear to rely on seed-
lings as its main form of post-fire recovery
(although it was capable of limited vegeta-
tive resprouting).

Many native species had a very short
secondary juvenile period: 94% of species
were seen flowering within three years of
the fire (Table 2).

Post-fire recovery of Cytisus scoparius
Fire consumed all standing plants of C.
scoparius. Whilst recruitment was substan-
tial in the first year after fire (Table 1),
above-ground growth of seedlings was
initially slow over the next three years (Ta-
ble 3). No plants flowered within three
years of the fire. However, between years
3 and 4, above-ground growth of seed-
lings increased substantially and flower-
ing commenced in some individuals of the
population (Table 3).

Discussion
Cytisus scoparius is in the early phases of
invasion on the Bogong High Plains, but
already substantial thickets have formed
at The Lanes. Counting of growth rings on
old individuals suggests that plants first
established in the area in about 1974 and
recruitment appears to have been ongoing
ever since (D. Robertson et al. unpublished
data). Whilst spraying has been con-
ducted in the area over the period 1993-
1997, it has been of variable success be-
cause of the inability to locate and effec-
tively control all standing plants.

For control of C. scoparius in subalpine
areas to be effective in the long term,
regard must be given to both the stand-
ing plants and dormant seed that occur
at a site. Traditional forms of weed

management, such as herbicide spraying,
will not control this species in already in-
vaded sites because such methods fail to
recognize that a large, dormant popula-
tion of seeds waits in the soil to replace
those plants in the above-ground popula-
tion that are sprayed, particularly if soil is
disturbed by vehicles or animals (Smith
1994, Hosking et al. 1996). The ability to
exclude soil disturbances from these areas
over several decades, and thereby prevent
disturbance-stimulated germination, is
likely to be low and hence, reinvasion is a
likely scenario at some later date. Only by
revisiting invaded areas on an annual ba-
sis over several, if not tens of years, will a
herbicide control strategy be potentially
successful. For example, Hosking et al.
(1996) report that even after 19 years of

sustained herbicide treatment, C. scoparius
continued to germinate in invaded bush-
land at the Barrington Tops. The cost of
implementing such measures are likely to
be prohibitive.

No seedlings were detected in unburnt
areas under C. scoparius infestations dur-
ing 1995, 1996 and 1997, despite the likely
presence of a persistent soil seed bank in
these areas. This does not mean that ger-
mination will not occur in the absence of
disturbance to the sward (Smith 1994,
Hosking et al. 1996) but rather, that germi-
nation may potentially be spread over a
long time-frame, i.e. years or decades. In
contrast, burning promoted substantial,
pulsed recruitment from the persistent
soil seed bank in all plots that received this
treatment. Almost all germination was
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Figure 4. Number of Cytisus scoparius seedlings per 0.25 m2 (vertical axis) to
germinate in the year after burning in relation to the centre (0 m) of an
established large thicket. Monitoring was conducted in a continuous belt
transect along two opposing (x and y) axes. No seedlings were observed
beyond 5 m from the centre of the thicket in any direction.
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recorded in the year after fire. This ger-
mination event is likely to have substan-
tially depleted the soil seed bank, al-
though a glasshouse soil seed bank trial
similar to Marsden-Smedley et al. (1997) is
necessary to confirm this. Until such a trial
is undertaken, the true efficacy of fire in
depleting the soil seed bank will remain
unclear.

It is presumed that the stimulatory
effect of fire on seed germination of C.
scoparius is due either to (i) the destruction
of the insulating layer of understorey
canopy and the subsequent effects on soil
heating via solar radiation absorption
(Woods et al. 1983, Williams 1992), rather
than due to seed dormancy being broken
by the fire itself, since soil temperatures
were raised very little (i.e. <5°C) during

the fire or, (ii) the products of the fire itself
(e.g. smoke) may have broken seed dor-
mancy in C. scoparius, as has been recently
demonstrated to be important in other
hard-to-germinate species (Dixon et al.
1995, Marsden-Smedley et al. 1997). Re-
gardless of the mechanism, fire will ex-
haust the dormant seed pool more quickly
than will occur in areas that remain

unburnt and will provide an opportunity
to substantially eliminate C. scoparius from
invaded vegetation, provided follow up
spraying and/or burning of the post-fire
seedling cohort occurs. It is imperative
that follow-up control works occur within
three years of burning to maximize the
gains made by promoting germination of
dormant seed. No flowering was observed

Table 2. Original cover abundance and subsequent presence/absence, secondary juvenile period and mode of
recovery of species in subalpine vegetation at The Lanes after an experimental fire in March 1994.

Species Life form Av. cover Present Present Year of first Mode of
abundance 2 years 3 years flowering regeneration
pre-burn post-burn post-burn after fire
(Jan ‘94) (Jan ‘96) (Jan ‘97)

Acaena novae-zelandiae H + ✓ ✓ 1995 resprouter, (seedlings)
Acetosella vulgaris* H +
Arthropodium milleflorum H + ✓ ✓ 1995 resprouter
Asperula gunnii H 1 ✓ ✓ 1995 resprouter
Bossiaea foliosa S 1 ✓ ✓ ? seedlings, (resprouter)
Brachyscome decipiens H + ✓ ✓ 1995 resprouter
Brachyscome scapigera H + ✓ 1995 resprouter
Caladenia lyallii H ✓ 1995 resprouter
Celmisia costiniana H 1 ✓ ✓ 1996 resprouter
Chiloglottis valida H ✓ ✓ 1995 resprouter
Chrysocephalum semipapposum H + ✓ ✓ 1996 resprouter
Craspedia coolaminica H + ✓ ✓ 1995 resprouter
Cytisus scoparius* S 1 ✓ ✓ 1998 seedlings
Dianella tasmanica H 1 ✓ ✓ 1996 resprouter
Eucalyptus pauciflora T 2 ✓ ✓ ? resprouter, (seedlings)
Geranium potentilloides H + ✓ 1995 resprouter, (seedlings)
Gonocarpus montanus H + ✓ ✓ 1995 resprouter
Goodenia hederacea H ✓ ✓ 1995 resprouter
Helichrysum rutidolepis H 1 ✓ ✓ 1995 resprouter
Hypochoeris radicata* H + ✓ 1995 resprouter, (seedlings)
Leucopogon montanus S + ✓ ✓ 1996 resprouter
Luzula meridionalis var. flaccida H + ✓ ✓ 1995 resprouter
Microseris aff. lanceolata H ✓ 1995 resprouter
Olearia megalophylla S + ✓ ✓ 1996 resprouter
Olearia myrsinoides S + ✓ ✓ 1996 resprouter
Olearia phlogopappa var. flavescens S 1 ✓ ✓ 1996 resprouter
Oreomyrrhis eriopoda H ✓ ✓ 1995 resprouter
Oxylobium alpestre S 1 ✓ ✓ 1996 resprouter, seedlings
Pimelea axiflora S + ✓ ✓ 1996 resprouter
Poa hiemata (includes P. phillipsiana) H + ✓ ✓ 1995 resprouter
Poa hothamensis H 3 ✓ ✓ 1995 resprouter, (seedlings)
Ranunculus victoriensis H ✓ ✓ 1995 resprouter, (seedlings)
Senecio lautus H + ✓ ✓ 1995 resprouter, (seedlings)
Stackhousia monogyna H + ✓ ✓ 1996 resprouter
Stellaria pungens H 1 ✓ ✓ 1995 resprouter, (seedlings)
Stylidium graminifolium H 1 ✓ ✓ 1995 resprouter
Taraxacum sp.* H ✓ 1995 resprouter
Tasmannia xerophila S 2 ✓ ✓ 1996 resprouter
Viola betonicifolia H + ✓ ✓ 1995 resprouter

Cover abundance: + = <1% cover, 1 = 1–5%, 2 = 5–25%, 3 = 25–50%, 4 = 50–75%, 5 = 75–100%; Life form: H = herbaceous, S = shrub, T
= tree ; * = exotic species, ✓ = present in re-survey, () = regeneration mode of secondary importance.

Table 3. Post-fire regrowth features of Cytisus scoparius seedlings in the
four years after burning in 1994.

Years after burning Average height of seedlings Reproductive status

1 <10 cm No
2 <20 cm No
3 ca. 30 cm No
4 >1 m Yes; ≤25% of population
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in the first three years after fire and hence,
no seed input occurred back into the dor-
mant soil seed pool. Beyond three years,
however, flowering commences and will
replenish the depleted soil seed bank
thereafter.

Most C. scoparius seedlings that
emerged post-fire did so in close proxim-
ity to established thickets. Seedling den-
sities were greatest under the existing
canopy and did not extend more than
10 m from established plants. This is en-
couraging because it suggests that C. sco-
parius is not yet widely distributed
throughout The Lanes, but rather, remains
highly localized. Control efforts should
therefore centre on existing populations
and extend at least 10 m around them.
Small-scale burning may therefore be a
viable option to conduct around each es-
tablished thicket to promote seed germi-
nation and hence, enhance later control ef-
ficacy. Possible vectors of C. scoparius
spread such as cattle and vehicles must be
excluded from affected areas to prevent
further spread of seed.

A single prescribed fire appeared to be
a particularly useful method to potentially
enhance control of C. scoparius at The
Lanes because it had little impact on the
survival of native species in the snowgum
woodland. Whilst established, sprayed C.
scoparius plants are consumed by a single
fire, no native species in the standing veg-
etation was completely killed by the same
fire event. All native species were capable
of resprouting from basal buds and hence,
the vegetation composition and structure
can potentially recover quickly. Indeed,
vegetation recovery was so rapid that 94%
of species were capable of flowering
within three years of the fire. Only Bossiaea
foliosa appeared to be primarily dependent
on seed for recruitment and hence, may be
affected by follow-up burns if they oc-
curred before seedlings reach reproduc-
tive maturity.

Further research in other subalpine ar-
eas is necessary to determine the general-
ity of the results presented in this paper.
In particular, the effects of fire on other
native species need study, as does the ef-
fects of other fire types (e.g. higher inten-
sity fire). The ability of a single fire to in-
deed promote germination of a large pro-
portion of the seeds in the soil and hence,
substantially deplete the soil seed bank,
needs to be more fully quantified. There
should be some urgency to this research,
however, so that the potential control op-
tion identified in this paper can be effec-
tively implemented before further areas in
the Alpine National Park become invaded
by C. scoparius. One thing appears certain,
however. Areas that have been invaded
by C. scoparius need to be quarantined and
the potential agents for spread and estab-
lishment of the species excluded from
these areas.
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