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Variation in flower production of
nine grassland species with time since fire, and

implications for grassland management and restoration
IAN D. LUNT1

The impact of time since fire on flower production was examined in a temperate Themeda triandra grassland in
Gippsland, Victoria. Flower production by nine species (Arthropodium strictum, Bulbine bulbosa, Burchardia umbel/ata,
Chrysocephalum apiculatum, Craspedia variabilis, Diuris punctata, Helichrysum scorpioides, Leptorhynchos squamatus
and Pime/ea humilis) was compared between areas burnt six months and two years previously. Thick grass in the area
burnt two years previously inhibited flowering by most species. All species except C. apiculatum and D. punctata flowered
most abundantly in the area burnt six months earlier, and flower production by B. bulbosa, A. strictum and C. variabilis
was largely restricted to that area. There were over 100 times as many flowering plants of B. bulbosa in the most recently
burnt area. C. apiculatum produced similar quantities of flowers in both zones, but D. punctata countered the general
pattern for greater flower production in the most recently burnt area by flowering most abundantly in the area burnt two
years previously. Some of the species studied form transient seed banks, so maximum recruitment may be attained by
burning sites the year immediately after a season of high flower production, rather than delaying burning until later years,
when little flowering occurs and few seeds are present for recruitment. Annual autumn burning could eliminate the
threatened orchid, D. punctata.
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INTRODUCTION

LOWLAND temperate grasslands are among
Australia's most threatened ecosystems (Specht
1981; Scarlett and Parsons 1982; Lunt 1991;
McDougall and Kirkpatrick 1994). Prior to
European settlement of Australia, grasslands
occupied extensive areas on fertile, heavily-
textured soils, in regions of flat to gently undulating
relief. These regions were rapidly settled and
developed for agricultural production, causing
massive destruction of the original grassland
biota. Most high quality remnants now occur in
small refuges from grazing, such as along road-
sides, rail-lines and travelling stock routes and in
country cemeteries and racecourses (Scarlett and
Parsons 1982;Stuwe 1986;Kirkpatrick et al. 1988;
McDougall and Kirkpatrick 1994).These remnants
occupy less than 1 per cent of the extent of the
original ecosystems (McDougall and Kirkpatrick
1994), and few are formally protected or managed
for nature conservation. They continue to be
destroyed at an alarming rate. Lowland grass-
lands are poorly represented in the national
system of conservation reserves and no National
Park in Australia contains an intact temperate
lowland grassland.

Increased reservation is vital for grassland
conservation, but many remnants also require
frequent management, in the form of burning or
some other means of biomass reduction, to provide
gaps for seedling establishment and to prevent the
dominant grasses from outcompeting smaller
inter-tussock plants (Stuwe and Parsons 1977;

McDougall 1989; Lunt 1991). This requirement is
particularly important in remnants dominated by
the tussock grass, Themeda triandra (Kangaroo
Grass). However, despite a general acceptance of
the need for regular biomass reduction in many
remnants, considerable uncertainty exists over its
optimal season and frequency (e.g., Stuwe 1986;
McDougall 1989; Gilfedder 1991; Lunt 1990,
1994a).

A principal management aim for many grass-
land remnants, particularly those with low plant
diversity due to past stock grazing, is to promote
the regeneration of native inter-tussock herbs and
thereby to increase plant diversity. Recent
research has shown that the seeds of some native
grassland forbs have little ability to form a long-
term seed bank due to the absence of dormancy
mechanisms (Hitchmough et at. 1989; McIntyre
1990; Willis and Groves 1991; Morgan and Lunt
1994). When placed beneath a dense grass sward,
seeds of some conspicuous species readily
germinate, with little carry-over of seed to
subsequent years (Morgan 1992; Lunt, unpubl.
data). Further work on seedling longevity and
mortality is required, but it would seem highly
unlikely that seedlings of these species can survive
for many years beneath a closed grass canopy.

Post-fire recruitment by species that cannot
form a persistent seed bank is constrained by the
amount of seed produced in the spring-summer
immediately prior to biomass reduction. If few
seeds were shed in the previous year, then little
seedling recruitment can occur immediately after
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burning. Consequently, a knowledge of annual
changes in flower and seed production following
biomass reduction is vitally important for grass-
land management. The aims of this study were to
document flower production by nine conspicuous
and widespread grassland forbs and sub-shrubs in
areas of contrasting fire history and to determine
the extent to which flower production is limited
to the immediate post-fire season.

METHODS

The study was carried out at the Munro rail-line
grassland in Gippsland, Victoria Australia
(37°54'S, 14r14'E). This linear remnant is the
most important grassland remnant in the region,
and consists of two strips, about 20 m wide and
2 km long, on both sides ofthe railway line. Prior
to European settlement the area'supported an
open-forest or woodland dominated by Eucalyptus
tereticornis, but trees have been removed from
the rail-line remnant, which has been regularly
burnt for fire control for the past century (Lunt
1994b). Rail-line remnants in the region now
support a grassland community dominated by
Themeda triandra with associated herbs and sub-
shrubs includingArthropodium strictum, Bossiaea
prostrata, Bulbine bulbosa, Burchardia umbellata,
Caesia calliantha, Chrysocephalum apiculatum,
Craspedia variabilis, Diuris punctata, Drosera
peltata, Helichrysum scorpioides, Hypericum
gramineum, Hypoxis hygrometrica, Pimelea
humilis, Tricoryne elatior and Wahlenbergia species
(Lunt 1994b). (All plant names follow Ross
1993).

In April 1993, the western half of the Munro
grassland was burnt by the Department of Con-
servation and Natural Resources to maintain
grassland diversity.Most of the remnant, including
the majority of the area that was not burnt in
1993, was last burnt by railway staff in early-
spring 1991 for fire control. Flower production
was compared between the area'burnt six months
ago (the "burnt" treatment) and that burnt two
years ago (hereafter called, for brevity, the
"unburnt" treatment). Prolific flowering occurred
in both areas in spring 1992, but by spring 1993
relatively few plants were in flower in the closed
grass sward of the unburnt half of the reserve.

In October-November 1993,as part of a longer-
term monitoring programme, flower production
by nine conspicuous forbs and sub-shrubs was
recorded in the burnt and unburnt sections of the
reserve. The species studied were: Arthropodium
strictum, Bulbine bulbosa, Burchardia umbellata,
Chrysocephalum apiculatum, Craspedia variabilis,
Diuris punctata, Helichrysum scorpioides, Lepto-
rhynchos squamatus and Pimelea humilis. The
orchid, D. punctata, is a threatened species in
Victoria (Gullan et al. 1990), and the Munro
population is one of the largest in the state.

A total of 200 permanently marked 1 m2 plots
was established, in four transects of 50 quadrats.
Two transects were located in the burnt (western)
half of the reserve, one north and one south of
the rail-line, and two were located in the unburnt
(eastern) half of the reserve, again one on each
side of the rail-line. Plots were placed at 5 m
intervals along each transect. The following data
were recorded in each plot: presence/absence of
each of the nine species; the number of flowering
plants of each species; and the total number of
"flowers" of each species. The presence of
vegetative plants of D. punctata could not reliably
be determined in the thick grass of the unburnt
plots, so presence/absence data are not presented
for this species. Individual plants of the rhizomic
species, C. apiculatum, H. scorpioides and P.
humilis often could not be distinguished; instead
the number of above-ground shoots (ramets) was
recorded. Each flower head of P. humilis and
each capitulum of the daisy species was recorded
as a single "flower".

Plant biomass was determined by harvesting
above ground plant material from 10 0.25 m2

plots, taken at 20 m intervals immediatelyadjacent
to each transect. Only 10 plots were collected
from the recently burnt areas; as biomass was
similar on both sides of the rail-line. Material was
dried at 85°Cfor 70 h and weighed.

The G-statistic was used to determine whether
species frequencies differed significantlybetween
the four transects, followed by an unplanned test
of the homogeneity of replicates tested for
goodness of fit, to determine which treatments
were significantly different (Sokal and Rohlf
1981). The Wilcoxon two-sample test was used to
compare mean biomass, and the mean number of
flowers per plot, flowering plants/shoots per
plot, and flowers per flowering plant/shoot,
between the burnt and unburnt zones (Sokal and
Rohlf 1981).

RESULTS

Plant biomass in the un1?urntarea was signifi-
cantly greater than in the burnt area with, on
average, 4 570kg/ha in the unburnt zone compared
to just 980 kg/ha in the burnt area (p < 0.001).
Tussocks of T. triandra and Poa clelandii formed
a closed grass sward in the unburnt area.

The frequency of all speciesdiffered significantly
between some of the four transects (Table 1).
Many of these differences were not due to burning
effects, and may reflect innate environmental
differences or effects of past management on
different sides of the rail-line. In particular, the
southern unburnt section carried few plants of
L. squamatus or H. scorpioides, although both
speciesoccurred frequently in the northern unburnt
area.



LUNT: VARIATION IN FLOWER PRODUCTION OF NINE GRASSLAND SPECIES

Table 1. Per cent frequency and per cent of plots in flower of nine grassland species in two burnt and
unburnt zones. Frequency data are not presented for D. punctata as vegetative plants could not
reliably be found in thick grass.

Frequency % plots in flower

Species BN BS UN US BN BS UN US

Arthropodium strictum na,b 90a 84a,b 68b 64a 88b 2< 4<
Bulbine bulbosa 36a 12b 30a,b 44a 26a 8a,b 2b Ob
Burchardia umbel/ata 54a 66a.b 84b 42a 46a 60a 46a 8b
Chrysocephalum apiculatum 32a 58b 26a 68b 22a 56b 14a 66b
Craspedia variabilis 84a 66b 100c 44b 78a 52a 8b Ob
Diuris punctata oa 4a 30b 30b
He/ichrysum scorpioides 30a 50b 68b 6< 18a 32a 12a Ob
Leptorhynchos squamatus 80a 64b 92a 6< 78a 56b 80a 6<
Pimelea humilis 82a 94a,b 96b 84a.b 74a,b 90a 50b 64b

BN = northern burnt area, BS = southern burnt area, UN = northern unburnt area, US = southern
unburnt area. For each species, frequencies followed by the same superscript are not significantly
different (p > 0.05). Those followed by different superscripts are significantly different at p < 0.05.

Table 2. Mean number of flowering plants and flowers per 1 m2 plot.

Mean number of floweringplants Mean number of flowers

Species BN BS UN US BN BS UN US

Arthropodium strictum 2.8 3.5 0.0 0.1 31.8 38.2 0.4 0.6
Bulbine bulbosa 0.9 0.6 0.0 0.0 8.9 6.7 0.3 0.0
Burchardia umbel/ata 1.5 2.1 0.9 0.1 8.1 8.8 4.3 0.4
Chrysocephalum apiculatum 6.2 7.9 0.5 20.3 23.7 25.6 1.4 70.7
Craspedia variabilis 3.5 1.6 0.1 0.0 6.1 2.0 0.1 0.0
Diuris punctata 0.0 0.1 0.5 0.7 0.0 0.1 0.7 1.1
Helichrysum scorpioides 0.3 1.6 0.2 0.0 1.3 1.6 0.2 0.0
Leptorhynchos squamatus 6,0 3.4 2.1 0.1 57.2 32.9 8.9 0.4
Pime/ea humilis 6.9 9.2 2.9 3.7 7.4 9.6 3.4 5.0

BN = northern burnt area, BS = southern burnt area, UN = northern unburnt area, US = southern
unburnt area.
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The density of flowering plants in the recently
burnt area was extremely high, and all species but
C. apiculatum and D. punctata flowered more
abundantly in the burnt area than in the unburnt
area (Table 2, Figs 1 and 2). The densities in
Table 2 can be converted to flowering plants per
hectare by multiplying the data by 105. Thus,
there were 60 000 floweringplants of L. squamatus
and 35 000 flowering plants of C. variabilis per
hectare in the northern burnt area. Flowering by
C. apiculatum varied considerably between the
two unburnt zones, with the maximum density of
flowering plants occurring in the southern
unburnt zone, and the minimum in the northern
unburnt zone (Table 2). This simple comparison
of flowering densities between the burnt and
unburnt areas is of limited value, however, due
to differences in plant frequencies between the
transects that were not due to burning (Table 1).
A more valuable comparison of flowering
densities between the burnt and unburnt zones
can be gained by comparing the mean number of
flowers and flowering plants/shoots in each zone,
using only the data from plots where each species
was recorded. This conservative comparison
demonstrates dramatic differences in flowering
behaviour between the burnt and unburnt areas
(Table 3).

Using only the data from plots where each
species was recorded, the ratio of the mean
number of flowering plants/shoots per plot in the
burnt zone divided by that in the unburnt zone
provides a simple comparison of the extent to
which flower production of each species diminishes
with time since the last fire (Table 3). This ratio
varied from 1:1 for C. apiculatum to 111:1 for
B. bulbosa. Thus, flowering of A. strictum,
B. bulbosa and C. variabilis was dramatically
inhibited in the thick grass of the unburnt area,
whereas flowering of B. umbellata, C. apiculatum,
L. squamatus and P. humilis was little inhibited.
H. scorpioides occupied an intermediate position
between these extremes (17:1). A similar trend
exists when the mean number of flowers per plot,
rather than the number of flowering plants per
plot, is examined (Table 3).

The mean number of flowersper floweringplant!
shoot was compared between the burnt and unbumt
areas for four species only (B. umbellata,
C. apiculatum, L. squamatus and P. humilis), as too
few flowers of the other species occurred in either
area. Flowering plants/shoots of B. umbellata,
C. apiculatum and P. humilis possessed similar
numbers of flowers in both zones, but flowering
plants of L. squamatus had more than twice as
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Fig. 1. Prolific flowering in October 1993 by native herbs in a Themeda triandra grassland burnt six months previously, featuring
Burchardia umbellata, Craspedia variabilis, Helichrysum scorpioides and Leptorhynchos squamatus. Chrysocephalum
apiculatum is in bud.

Fig. 2. Closed sward of Themeda triandra with few flowering forbs and scattered Eucalyptus tereticornis and Allocasuarina littoralis
saplings, in the area burnt two years previously. This photograph was taken on the same day as Figure 1. The rail-line is
on the right.
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Table 3. Mean number of flowering plants/shoots and flowers per plot where present. D. punctata is not included as vegetative
plants could not reliably be identified.

Flowering plants/shoots Flowers

Species burnt unbumt ratio significance burnt unbumt ratio significance

Bulbine bulbosa 3.0 0.0 111 *** 32.6 0.4 86 ***
Arthropodium strictum 3.9 0.1 75 *** 43.2 0.7 66 ***
Craspedia variabilis 3.4 0.1 61 5.4 0.1 98 ***
Helichrysum scorpioides 3.7 0.2 17 *** 3.7 0.2 17
Burchardia umbellata 3.0 0.7 4 *** 14.0 3.7 4
Leptorhynchos squamatus 6.5 2.2 3 *** 62.6 9.5 7 ***
Pimelea humilis 9.1 3.7 2 *** 9.7 4.7 2 ***
Chrysocephalum apiculatum 15.6 22.0 1 N.S. 54.8 76.7 1 N.S.

Significance:N.S. = not significant (p > 0.05), *** = P < 0.001.

many flowers in the burnt area than in the unbornt
area (Table 4). Although there was little difference
between the burnt and unburnt zones in the mean
number of flowers per shoot of P. humilis
(1.1 versus 1.2; Table 4), this difference was
highly significant (p < 0.01), and reflects the
tendency for older, unburnt shoots to be
branched, often with flowers on each branch.

Table 4. Mean number of flowers per flowering plant or
flowering shoot in the burnt and unbumt zones.
Insufficient plants of the other species flowered in
either zone to warrant comparison.

Burnt Unbumt
Species zone zone Significance

Burchardia umbellata 4.7 4.9 N.S.
Chrysocephalum apiculatum 3.4 3.6 N.S.
Leptorhynchos squamatus 10.3 4.0 ***
Pimelea humilis 1.1 1.2 **

Significance:N.S. = not significant (p > 0.05), ** = P < 0.01,
*** = P < 0.001.

While the results presented here only focus on
nine species, similar patterns were observed
casuallyfor all other conspicuous forbs and shrubs
in the grassland remnant, and only Diuris punctata
and the shrubs Grevillea lanigera and Dillwynia
cinerascens appeared to flower more abundantly
in the unburnt area than in the recently burnt
area.

DISCUSSION

The impactof time sincefireon flowerproduction
differed dramatically between the studied species.
Foqr species (A. strictum, B. bulbosa, C. variabilis
and H. scorpioides) flowered prolifically in the
area bumt six months previously (Fig. 1), but
produced relatively few flowers in the area burnt
two years previously (Fig. 2). Flowering plants!
shoots of B. umbellata, C. apiculatum, L.
squamatus and P. humilis occurred at similar
densities in both areas, although L. squamatus
produced more than twice as many flowers per
flowering plant in the most recently burnt area.
In contrast to a general pattern of similar or
greater flower production in the recently burnt

area, the orchid D. punctata flowered more
abundantly in the area burnt two years ago and
very few flowering plants were observed in the
recently burnt area.

The data demonstrate a decline in flower
production by most species within two years of a
spring fire. This interpretation is supported by
casual observations in spring 1992 (12 months
after burning, in the year prior to sampling)
when prodigious flowering took place across the
entire remnant. There were far more flowers in
spring 1992 than spring 1993in the area that was
unburnt in autumn 1993. The threatened orchid,
D. punctata, flowered abundantly throughout the
entire remnant in spring 1992, but there were
relatively few flowers in the burnt or unburnt
areas in spring 1993. This decrease is unlikely to
be due to annual climatic effects, as the species
flowered abundantly in other nearby remnants in
spring 1993. Instead, it is probably due to the
accumulation of thick grass and litter in the
unburnt area, and to an inhibitory post-fire effect
in the area burnt in autumn 1993.This inhibitory
effect was most apparent on the western fire
boundary, where many unburnt plants flowered
immediately adjacent to the bumt area.

The most likely cause for the decline in flower
production two years after burning is shoot
competitionfrom the dominant grasses,particularly
T. triandra, as all of the studied species except
D. punctata flowered abundantly at other unburnt
sites in the region provided that there was little
grass competition. On average, 4.6 tlha of grass
had accumulated at Munro two years after fire.
By contrast, Groves (1974) measured only 3 tlha,
two years after burning a T. triandra grassland on
the southern tablelands of New South Wales. The
faster growth at Munro may be due to a longer
growing season and less frost damage at the lower
elevation (60 versus 800 m A.S.L.). Over 10 tlha
of T. triandra were recorded from another lowland
grassland, the Laverton North Grassland Reserve
in Melbourne, which had not been burnt for over
10 years (McDougall 1989).Not surprisingly, few
native species persisted, let alone flowered, in the
dense grass at Laverton North (McDougall 1989).



364 PACIFIC CONSERVATION BIOLOGY

The immediate post-fire inhibition of flowering
by D. punctata was unexpected, as most large
populations of this species in Victoria occur in
rail-lineand cemeteryremnants whichare regularly
burnt (Beauglehole 1983, 1985, 1986; Lunt
1994b). Jones (1988) recorded that flowering by
many Diuris species is promoted by summer fires,
but cautioned that, "Summer fires occurring from
December to February are much more effective
at stimulating flowering in orchids than those
whichoccur earlier or later". By contrast, Barnett
(1984) recorded a dramatic reduction in flowering
by three Diuris species after a forest fire in
February 1983.Re~ent monitoring in another rail-
line remnant at Dawson in Gippsland found little
promotion or inhibitionof floweringby D. punctata
in the first spring after an autumn fire, but a six-
fold increase in flowering the following year,
18 months after burning (J. Hoey and M. James,
unpubl. data). The sole remaining population of
the closely related species, Diuris fragrantissima
(which was considered a variety of D. punctata
until recently, Oements 1989),has been monitored
annually for the past 12 years (Tonkinson and
Parsons, cited in Cropper 1993). The number of
flowering plants increased in the first and second
years after summer fires before declining to pre-
fire levels.

The dominant grass, Themeda triandra, grows
and flowers after most grassland forbs, in late-
spring and early summer (Groves 1965). The
"unburnt" treatment in this study was burnt in
spring 1991, allowing two growth seasons for
T. triandra and the inter-tussock forbs by spring
1993. Some forbs may have flowered more
abundantly in 1993 if the fire had occurred in
autumn 1992rather than spring 1991,as T. triandra
would then only have had one growth cycle by
spring 1993. Thus, autumn burning might extend
the period of flower production, by minimising
competition from the dominant grasses.

The relative ability of species to continue to
flower in thick grass should not be confused with
their ability to persist for lengthy periods in long-
unburnt grasslands. For instance, the daisies, C.
apiculatum and L. squamatus, both flowered
abundantly two years after fire, whereas the lilies,
A. strictum and B. bulbosa, produced relatively
few flowers in the area burnt two years ago. How-
ever, the two daisies are rarely seen in thick grass
in long-unburnt sites (5-10 years) in the region,
and probably have a shorter life-span than the lily
species. By contrast, the bulbous and tuberous-
rooted lilies may be able to persist vegetatively
for many years in thick grass, permitting vegeta-
tive regeneration when sites are eventually burnt.

Implications for management

These observations have a number of implica-
tions for management. Public appreciation of
grassland remnants is largely dependent upon

prolificfloweringdisplays, so promoting flowering
is important for social as well as ecological
reasons. At least two of the studied species (B.
umbel/ata and C. variabilis) have little ability to
accumulate a seed bank in the soil. Seeds readily
germinate under a closed grass sward, with little
carry over into the following year (Lunt, unpubl.
data). Seedling longevity under thick grass is
unknown, but mortality in the low light environ-
ment must be very high for most forbs. Con-
sequently, substantial post-fire recruitment may
only occur if sites are burnt the year after a season
of high seed production. There were relatively
few flowers of C. variabilis in the zone burnt two
years previously (Table 3), which suggests that
maximum recruitment by this species may take
place if burning occurs very frequently, such as
every 1-2 years.

European burning of grassland remnants, in
rail-lines, roadsides and cemeteries, has tradition-
ally been conducted for reasons of fire control,
not plant conservation. The benefits for plant con-
servation were unintended and, often as not,
unnoticed. Fire frequencies were often very high,
and probably ranged from 1-3 years at many of
the sites which now support high quality grassland
remnants. By contrast, grassland burning for con-
servation management is a recent phenomenon.
In practice, managers invariably delay burning for
as many years as possible, and usually only
contemplate burning after a remnant is choked
up with dense grass and when few forbs are in
flower. This practice stems from operational and
financial difficulties associated with grassland
burning, and a general reluctance by conservation
managers to burn vegetation. This reluctance is
supported by earlier ecological advice that
proffered, without supporting evidence, that a
burning regime of 3-5 years, or even longer, was
more advantageous for plant diversity than the
1-3 year regimes which many rail and road
remnants have traditionally experienced (e.g.,
Interim Reference Areas Advisory Committee
1977; Stuwe 1980, 1986). More recently,
ecologists have pointed out that many of the best
Themeda grassland remnants in Victoria have
been burnt very frequently, including virtually
every year (Scarlett et al. 1992;McDougall et al.
1994), and rarely as long as five years apart. Ipso
facto, such regimes cannot be deleterious to the
native species which are abundant in these sites.

To boost population numbers by the use of fire,
it may be best to burn sites in the autumn
immediately after a year of prolific flowering
rather than wait until after a thick sward of grass
has formed. If burning is delayed until subsequent
years, when few plants are flowering, then far less
seedling recruitment might be expected. This
approach would represent a fundamental change
in management outlook, from the present practice
of delaying burning for as long as possible, until
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after a noticeable decline in flower production, to
a practice whereby it is generally deemed wiser to
burn sooner rather than later.

Burning as frequently as every year is unlikely
to suit all native species though. In this study,
flowering of the threatened orchid, D. punctata,
was found to be inhibited in the first year after
autumn burning. If similar behaviour occurs after
future fires then annual burning could prevent
recruitment of this threatened species. Two shrub
species, Dillwynia cinerascens and Grevillea
lanigera, flowered abundantly in the area burnt
two years earlier, but had not begun to flower in
the area burnt six months ago, and these woody
species might also be eliminated by annual burn-
ing. Annual autumn burning is also likely to
favour exotic annual grasses, many of which
are abundant in many grassland remnants (Stuwe
and Parsons 1977; Lunt 1990; McDougall and
Kirkpatrick 1994).

The flora (and fauna) of regularly burnt grass-
land and woodland remnants has undoubtedly
been grossly modified from its original condition
since European colonization, and species that
cannot tolerate regular, frequent burning were
probably eliminated from such sites long ago
(Lunt 1994b).Scarlett and Parsons (1982)proposed
that some native peas (Fabaceae) have declined
in remnant grasslands due to frequent burning.
There seems little doubt that recent grazing and
burning regimes differ grossly in scale, frequency
and regularity from those that operated before
European colonization, although insufficient
historical data are available to make any meaning-
ful comparisons. In practice, speculation about
the biological composition or ecological processes
that characterised the original (pre-European)
grasslands is largely irrelevant to the conservation
and management of small remnants (Lunt 1994b;
Morgan 1994).Managers must aim to conserve the
existing, highly fragmented, native flora, including
many endangered species, not hypothesized land-
scapes or burning regimes from the past.

Grassland restoration is receiving considerable
public and political attention currently, due to the
continuing destruction of remnants. However,
few surveys have been conducted in which plant
densities have been accurately counted, rather
than estimating plant cover (e.g., Stuwe and
Parsons 1977; Fensham 1989; McDougall and
Kirkpatrick 1994). Accurate information on plant
densities is imperative if restored grasslands are
ever to approach the composition of existing
remnants. The data on the densities of flowering
plants presented here (Table 2) indicates the
enormous number of plants that will be required
to restore or re-create even a small grassland
remnant. Such high densities stand in dramatic
contrast to the low densities reported from a long-
grazed Themeda grassland (Lunt 1990). To
restore or create a grassland with 60 000 plants of

L. squamatus per hectare will require an enormous
quantity of seed, particularly if direct seeding is
used. If one supposes a 2 per cent success rate
from direct seeding, then 30 million viable seeds
will be required to revegetate 100 hectares at a
density similar to that at Munro. Such quantities
of seed are not available from most of the small
grassland remnants which remain today.

Finally, grassland conservation suffers dramatic-
ally from a low public profile, and many writers
have artfully promoted the attractions of small
grassland remnants as "subtle". The data presented
here demonstrate that some remnant lowland
grasslands are not at all subtle, they are absolutely
stunning.
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