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Abstract

Changes in the vegetation composition of a remnant Themeda triandra Forsskal grassland in south-
eastern Australia were documented following the replacement of stock grazing with intermittent burning
at 3�11-year intervals. The vegetation was initially sampled in 1986, 1 year after stock were removed,
and then 10 years later in 1996. Most frequently encountered grassland species were abundant in both
surveys, although there was little correspondence between species richness at the quadrat scale in 1986
and 1996. Total floristic richness increased slightly over the 10-year period, owing to the proliferation of
tall forbs with wind-blown seeds, including exotic thistles and colonising native forbs. Unfortunately,
most native �increasers� were �weedy� species which are not typical or common components of species-
rich temperate grassland remnants in southern Victoria. Thus, replacing grazing with intermittent burning
has not resulted in the flora becoming more similar to that of high-quality, species-rich grassland
remnants, but instead, has promoted a group of ruderal colonisers. The ability to identify factors con-
tributing to particular botanical changes was hampered by the design of the management regimes
implemented over the past decade. Suggestions are provided to overcome these difficulties, incorporating
principles from adaptive management.

Introduction

Recent ecological research has highlighted the spatial and temporal dynamism of many
lowland temperate grasslands in south-eastern Australia. While most temperate native
grasslands are closely correlated with particular soils and topographic conditions (Fensham
1989; Benson 1994; Benson et al. 1997; Lunt 1997a), others show little correlation with soils
and instead owe their origin to tree clearing or frequent burning since European settlement
(e.g. Lunt 1997b) and possibly to frequent burning by Aborigines (Fensham and Fairfax
1996). Over shorter time frames, frequent disturbance (by burning or light grazing) is often
required to prevent the dominant grasses, especially Themeda triandra Forsskal, from
outcompeting smaller native species (Stuwe and Parsons 1977; Lunt 1994; Trémont 1994;
Morgan 1997). Dynamism also exists at annual and seasonal time scales, as perennial forbs
and grasses lie dormant or resprout from buds at or below the soil surface, leading to
substantial shoot mobility at small spatial scales (Morgan 1998a).

Such dynamism creates considerable challenges for conservation management. Natural
temperate grasslands have been destroyed or grossly modified over 99% of their range in
most regions of south-eastern Australia, and invaluable remnants continue to be lost
(McDougall and Kirkpatrick 1994). Virtually all grassland conservation reserves have been
created recently, and the ecological understanding required by conservation managers is in its
infancy.  In particular, the failure to recognise (and act upon) the need for frequent biomass
removal has led to the degradation of many important remnants, including irreversible
declines in populations of threatened species (Scarlett and Parsons 1990, 1993), and even the
death of swards of Themeda triandra beneath dead grass litter (Morgan and Lunt 1999).
Despite the recent upsurge of interest in grassland conservation, the most common outcome
of conservation management of remnant grasslands in Victoria over the past two decades has
been a steady decline in biodiversity values.
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Two of the oldest reserves for temperate grasslands in south-eastern Australia, at Derrimut
and Laverton North in western Melbourne, have now been managed expressly for grassland
conservation for 11 and 20 years, respectively. As a result of recent public interest in grassland
conservation, a number of new reserves are in the process of being declared. Consequently, a
review of conservation outcomes in these older reserves is most timely. In this study, we
report on vegetation changes at the Derrimut Grassland Reserve in the 10 years following the
removal of grazing stock and the initiation of intermittent burning for conservation purposes.
In addition to this botanical objective, we also discuss management options which could
enhance the ability of future studies to learn from future management, and promote an
adaptive management approach to grassland conservation. A companion paper investigates the
effects of fire management on the dominant grass, Themeda triandra (Morgan and Lunt 1999).

Materials and Methods
Study Area

The Derrimut Grassland Reserve occupies 154 ha in western Melbourne, Victoria (37°488309S,
144°478409E). Mean annual rainfall at Laverton, 7 km SSW of the Derrimut reserve, is 568 mm, which
is evenly distributed throughout the year (Bureau of Meteorology, unpubl. data). The geology is Early
Pleistocene olivine basalt (Douglas 1982), and most soils are duplex, with gradational soils in poorly
drained areas. Topsoils range from silty clay to clay loam, of pH 6.0�7.5, and the topography is flat to
gently undulating (Lunt 1990a). Approximately 20% of the grassland was ploughed last century, but no
ploughing or cropping is known to have occurred this century (Lunt 1990a). The property was grazed by
sheep until the 1960s and by cattle from then until 1985, when management changed to that of the state
conservation agency (now the Victorian Department of Natural Resources and Environment) for the
purposes of grassland conservation. Since 1985, stock have been excluded from the reserve and the
vegetation has been managed by intermittent burning (Craigie and Stuwe 1992).

Early recommendations for managing vegetation in the reserve suggested fire frequencies of 2�5
years were necessary to maintain botanical values (Stuwe 1986; McDougall 1987; Lunt 1988). However,
owing to perceived negative impacts of frequent burning on endangered fauna (Coulson 1990), a reserve
management plan recommended that the reserve be divided into 10 zones, two of which were to be burnt
every year, giving a 5-year fire interval in each zone (Craigie and Stuwe 1992). In practice, the
management plan has not been consistently implemented. Ten fires occurred between 1986 and 1996,
but all had different boundaries and burnt different areas (see Fire History below).

Survey Design

The Derrimut Reserve was initially surveyed 1�2 years after grazing stock were removed, in
November�December 1986 and 1987. A total of 61 quadrats were sampled across a grid which included
all vegetation types in the reserve, including grassland and wetland vegetation (Lunt 1990a). Each
quadrat was sampled only once (in 1986 or 1987), and all but seven quadrats were sampled in 1986. The
soil seed bank was sampled next to eight of the grassland quadrats in January 1987 (Lunt 1990b).
Eighteen quadrats that were sampled in November 1986 were resampled in November 1987, to
determine the impact on plant composition of a fire in April 1987 (Lunt 1990c).

In November 1996, 10 years after the original survey, 48 of the 61 quadrats were sampled again. Seven
grassland quadrats were excluded as they could not be reliably relocated, and none of the original wetland
quadrats was resampled. All but four of the 48 resampled quadrats were originally sampled in 1986 rather
than 1987; consequently, the original dataset is referred to as �1986 data� throughout this paper. In both
surveys (1986 and 1996), each quadrat was 5 ´ 3 m in size and all vascular plants within or overhanging the
quadrat were recorded by using the Braun-Blanquet cover/abundance scale (Mueller-Dombois and
Ellenberg 1974; Lunt 1990a). A number of species groups were identified to genus only in 1996 (e.g.
Danthonia, Stipa, Isolepis species and others). To ensure consistent taxonomy between the two datasets,
data from both surveys were standardised by using the same species groups; as a result, actual species
richness may be under-estimated by two or three species per quadrat. The boundaries of all known fires
between 1986 and 1996 were mapped, and the fire history of each quadrat was tabulated. Preliminary
analyses suggested that 3 of the 48 resampled quadrats were incorrectly relocated in 1996; in each case,
multivariate analyses demonstrated dramatic and unaccountable differences in composition between the two
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sampling years. While all 48 quadrats were used to compare species frequencies between 1986 and 1996,
only the 45 reliably relocated quadrats were used for the multivariate analyses and for quadrat-specific
comparisons of changes in species richness and plant composition. All plant names follow Ross (1996).

Analyses

Multivariate analyses were used to determine the contribution of the year of sampling to vegetation
variation. Data collected in 1986 and 1996 from the 45 reliably resampled quadrats were ordinated by
global, non-metric multidimensional scaling (NMDS), with the Bray�Curtis dissimilarity coefficient and
default options in the PATN package (Belbin 1994). Cover/abundance data were analysed, using the
mid-points of each cover interval, and were range standardised for each species.

To identify changes in the growth-form composition of the grassland flora, nine ecological and
morphological characters were scored for all species recorded in the two surveys (Table 1), by reference
to Cunningham et al. (1981), Lunt (1990b), Morgan (1998a) and field observations. The mean number
of species recorded from each quadrat in 1986 and 1996, and the mean number of species possessing
each growth-form attribute, were compared between years by the non-parametric Wilcoxon matched-
pairs signed-ranks test (Sokal and Rohlf 1981), since most datasets could not be transformed to normality.
Correlations between quadrat richness in 1986 and 1996 were tested with Spearman�s rank correlation
coefficient. Kruskal�Wallis one-way analysis of variance was used to compare species richness values
between quadrats with different Themeda cover classes.

The effect of fire management on quadrat composition was analysed by coding each quadrat with
three variables, each expressing different attributes of fire frequency: (1) the number of fires experienced
between 1986 and 1996, (2) the maximum interval (in years) between any two fires, and (3) the number
of years since the most recent fire. Correlations between these three attributes and with changes in quadrat
species richness over the 10 years were explored by using the Spearman�s rank correlation coefficient.
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Table 1. Morphological and ecological characters and attribute states assessed for all species
recorded from the 1986 and 1996 surveys of the Derrimut Grassland Reserve

Character type Attribute states

Origin native (n), exotic (e) or uncertain (x)

Growth-form forb (f), graminoid (g) or shrub/sub-shrub (s)

Life-form chamaephyte (c), geophyte (g), hemicryptophyte (h) or therophyte (t)

Height short, < 10 cm (s); medium, 10�30 cm (m); or tall, > 30 cm (t)

Vegetative spread capable of vegetative spread by rhizomes or stolons for > 10 cm (s), or
not capable of vegetative spread by rhizomes or stolons or, if so, then
generally for < 10 cm (n)

Habit self-supporting (s) or clambering/climbing (c)

Leaf position and leaves predominantly basal (radical), flat (bf); leaves predominantly basal,
orientation flat or erect depending on growing conditions (bv); leaves predominantly 
(forbs only) basal, erect (be); basal (radical) and cauline (stem) leaves present (cb);

leaves predominantly cauline (cl); or not applicable (na), for all graminoids

Seed dispersal seeds capable of wind dispersal: pappus present or seedhead dispersed (w); 
seeds without adaptations for wind dispersal (n)

1986 seedbank density not recorded in 1986 seedbank study or in post-fire seedling regeneration 
in 1987 (Lunt 1990a, 1990b) (n); small, < 100 viable seeds m�2 (s); 
medium, 100�1000 viable seeds m�2 (m); or large, > 1000 viable seeds m�2 (l)



Results

Species Richness

In total, 99 species (56 native and 43 exotic) were recorded from the 45 resampled plots in
1996 compared to 91 in 1986 (50 native and 41 exotic). On average, species richness increased
significantly by four species per quadrat over the survey period (Table 2). This increase included
native and exotic species, although neither change was significant when analysed separately 
(P > 0.05, Table 2). The increase in mean species richness reflected a major change in the pattern
of species richness across the reserve. In 1986, the quadrat richness distribution was bimodal,
with many species-poor quadrats and a smaller number of species-rich quadrats (Fig. 1). By
1996, a more even frequency distribution existed, with no evidence of bimodality (Fig. 1).

Average data on species richness obscure considerable variation at the quadrat level.
Indeed, no significant correlation was found between the total number of species recorded
from each quadrat in 1986 and 1996 (rs = 0.1316, P = 0.389: Fig. 2a). This considerable
between-year variation in quadrat species richness was largely due to dramatic changes in the
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Table 2. Mean number of grassland species, and species with particular attributes, in each
quadrat sampled at the Derrimut Grassland Reserve in 1986 and 1996
Significance levels: n.s. = not significant, P > 0.05, * = P < 0.05, ** = P < 0.01, *** = P < 0.001

Attribute 1986 1996 Significance P-value

Total species richness 20.2 24.2 * 0.0424
Native species richness 9.7 11.0 n.s. 0.0672
Exotic species richness 10.4 13.0 n.s. 0.0870

Life-form�therophytes 8.5 10.0 n.s. 0.3121
Life-form�chamaephytes 0.4 0.3 n.s. 0.1146
Life-form�hemicryptophytes 10.0 12.8 ** 0.0012
Life-form�geophytes 1.2 1.1 n.s. 0.2059

Growth-form�forbs 9.3 12.2 * 0.0144
Growth-form�graminoids 10.7 11.9 n.s. 0.1788

Height� < 10 cm 6.0 5.5 n.s. 0.5051
Height� 10�30 cm 9.9 10.7 n.s. 0.1934
Height� > 30 cm 4.2 8.0 *** < 0.0001

Habit�self-supporting 18.9 23.1 * 0.0402
Habit�clambering 1.2 1.2 n.s. 0.5903

Leaf position�basal flat 0.5 0.2 ** 0.0086
Leaf position�basal erect 2.1 1.8 * 0.0248
Leaf position�basal versatile 1.1 1.5 ** 0.0071
Leaf position�basal and cauline 1.3 3.0 *** 0.0003
Leaf position�cauline only 4.4 5.8 n.s. 0.0566

Wind-blown seeds 2.6 6.7 *** < 0.0001
No wind-blown seeds 17.6 17.5 n.s. 0.9024

1986 seed bank�not recorded 4.1 6.8 *** 0.0001
1986 seed bank�small 5.9 6.7 n.s. 0.2321
1986 seed bank�medium 5.8 6.3 n.s. 0.2275
1986 seed bank�large 4.4 4.4 n.s. 0.9105



number of annual species in each quadrat, for which no significant correlation existed between
years (rs = �0.2270, P = 0.134: Fig. 2b). Since nearly all annual species were exotic, there was
no significant correlation between the number of exotic species in each quadrat in 1986 and
1996 (rs = �0.1828, P = 0.230). In contrast, significant, positive, rank correlations existed
between the number of perennial species in each quadrat in 1986 and 1996 (rs = 0.4613, 
P = 0.001: Fig. 2c), and the number of native species in each quadrat in 1986 and 1996 
(rs = 0.5186, P < 0.001). In both years, species richness differed significantly between different
Themeda cover classes (1986, P = 0.0003; 1996, P = 0.0029), with fewer species in quadrats
with greater than 75% Themeda cover (Fig. 3).

There was a highly significant, positive correlation between species frequencies in both
sampling years (rs = 0.7859, P < 0.001). Most species which were widespread in 1986
remained widespread in 1996, and most localised species remained localised. However, some
species frequencies changed dramatically between the 2 years. Fifteen species expanded in
range by at least 10 quadrats between 1986 and 1996, whilst five species declined by 10 or
more quadrats (Table 3). The majority (67%) of the 15 species which expanded in range by
10 or more quadrats were exotic (Table 3).

The ordination analysis clearly separated most quadrats from the two sampling periods on
the second, but not on the first, ordination axis (Fig. 4). This indicates that, whilst sampling
year had a notable effect on vegetation composition, this effect was of smaller magnitude than
the patterns associated with the major underlying environmental gradients across the reserve.

Ecological Attributes

The morphological and ecological characteristics of the grassland flora changed
significantly between the two sampling periods (Table 2). In 1996, quadrats contained
significantly more hemicryptophytes; forbs; tall species (> 30 cm); self-supporting species;
and species with versatile basal leaves or basal and cauline leaves, wind-blown seeds, and
seeds which were not recorded from the soil seed bank in 1986. The species which increased
most dramatically over the 10-year period (Table 3) possessed various combinations of these
attributes. Most of the dramatic increaser species belonged to the family Asteraceae, and
were tall, non-rhizomic forbs with basal and cauline leaves and wind-blown seeds, which
were not recorded from the soil seed bank in 1986. They included both native species (e.g.
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Fig. 1. Number of grassland species recorded from 45 quadrats sampled at the
Derrimut Grassland Reserve in 1986 and 1996.



Senecio quadridentatus and Epilobium billardierianum) and exotics (e.g. Cirsium vulgare
and Sonchus oleraceus, Table 3). Interestingly, only two species attributes were significantly
less frequent in 1996 than 1986, species with flat basal rosettes and erect basal rosettes, and
both declines were relatively minor (Table 2).

Fire History

Ten fires are known to have burnt various parts of the reserve between 1986 and 1996. All
fires had different boundaries, and no two fires burnt exactly the same area. Fire extent varied
from less than 10% to approximately 25% of the area of grassland vegetation in the reserve.
The number of fires experienced by each quadrat ranged from 0 to 3, and the maximum inter-
fire interval varied from 4 to 11 years (at quadrats which remained unburnt during the
period). The number of years since the most recent fire at each quadrat varied from 1 to 11.

Significant correlations existed between fire history attributes and the change in species
richness of quadrats between 1986 and 1996. Change in quadrat species richness was
significantly positively correlated with the number of fires experienced (rs = 0.4101, P = 0.005),
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Fig. 2. Spearman�s rank correlations
between species richness at each
quadrat in 1986 and 1996 surveys at the
Derrimut Grassland Reserve, for (a) all
species, (b) exotic species and (c) native
species.
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Fig. 3. Relationship between mean species richness and Themeda cover classes for
quadrat data from 1986 and 1996 surveys at the Derrimut Grassland Reserve.

Table 3. Frequency of major increaser and decreaser grassland species in 1986
and 1996 at the Derrimut Grassland Reserve
Only those species which increased or decreased by 10 or more quadrats are shown.
See Appendix for full species list. Asterisks denote exotic species

Species 1986 1996 Change

Increasers
Agrostis avenacea 9 34 25
*Cirsium vulgare 0 24 24
Senecio quadridentatus 0 22 22
*Sonchus oleraceus 10 32 22
*Aster subulatus 0 20 20
*Hypochoeris radicata 20 39 19
*Plantago lanceolata 7 22 15
Carex inversa 3 17 14
*Conyza species 0 13 13
Epilobium billardierianum 0 13 13
*Helminthotheca echioides 0 13 13
*Nassella neesiana 7 20 13
Lythrum hyssopifolia 6 18 12
*Leontodon taraxacoides 18 29 11
*Nassella trichotoma 1 11 10

Decreasers
*Cicendia quadrangularis 17 7 �10
Eryngium ovinum 17 6 �11
Acaena echinata 20 6 �14
Stipa species 38 23 �15

*Lolium rigidum 34 12 �22



and was significantly negatively correlated with the number of years since the most recent
fire (rs = 0.4617, P = 0.001). Both of these fire attributes (the number of fires experienced and
the number of years since the most recent fire) were autocorrelated (rs = �0.6796, P < 0.001).
There was no correlation between change in quadrat species richness and the maximum inter-
fire interval at each quadrat (rs = � 0.2316, P = 0.126). Thus, species richness generally
increased between 1986 and 1996 in quadrats burnt two or more times, and declined in those
never burnt. However, this trend may reflect differences in the time since the most recent fire,
rather than changes due to the number of fires per se, as quadrat species richness in 1996
generally increased above 1986 levels for quadrats burnt during the previous 2 years, but
decreased for those burnt longer ago. It proved impossible to analyse the effects of fire
management on the species composition of individual quadrats, owing to the great variability
in fire intervals and boundaries between 1986 and 1996, and the considerable variation
between quadrats in initial plant composition in 1986. 

Discussion

Considerable changes in plant composition occurred at the Derrimut Grassland Reserve
between 1986 and 1996. Such changes presumably incorporate the combined effects of long-
term trends, which have operated over the 10-year period and beyond, short-term (1�3 year)
responses to management (e.g. time since burning), and annual fluctuations (e.g. responses to
climate). More frequent monitoring would be required to identify the contribution of these
processes to all the changes in the vegetation.

Most species that were frequently recorded in 1986 remained frequent in 1996, suggesting
that most of these species were resilient to the change in management from continual stock
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Fig. 4. Ordination of 45 quadrats from the Derrimut Grassland
Reserve, sampled in 1986 and 1996.



grazing over the past century, to intermittent burning during the past decade. An alternative
explanation is that insufficient time has elapsed for changes to become obvious, particularly for
perennial species which live longer than 10 years. Despite this relative stability at the reserve
scale, the vegetation composition of individual quadrats was characterised by considerable
temporal variability. Many species (especially annuals) appeared and disappeared from each
quadrat, resulting in a lack of correlation between the species richness of individual quadrats in
1986 and in 1996. This contrast between the reserve-wide stability and local instability of
vegetation was presumably mediated by two processes: the ability of the dominant grass,
Themeda triandra, to suppress associated species as grass biomass accumulated after burning;
and the ability of most common species to persist in the soil seed bank during periods of dense
grass cover, and to recruit from the seed bank when the grass cover was removed by fire (Lunt
1990b, 1990c, 1997c; Gilfedder and Kirkpatrick 1993; Morgan 1998a).

The change from a  bimodal quadrat richness distribution in 1986 (with many species-poor
quadrats and a smaller number of species-rich quadrats) to a more even frequency distribution
in 1996 (Fig. 1) may reflect different management prior to the two surveys. In 1986, the reserve
had remained ungrazed and unburnt for almost 2 years, and many areas supported a dense,
closed sward of T. triandra (the species-poor peak in Fig. 1). However, approximately 25% of
the reserve was burnt in 1995 (1 year before the 1996 sampling), resulting in more areas of
relatively open vegetation cover, and greater species richness, than in the initial survey.

The apparent resilience of native species to a wide range of management regimes,
including the long-term absence of biomass removal, contrasts with the tenor of some recent
Australian grassland literature, which has emphasised the sensitivity of many native grassland
species to long inter-fire periods, and the potential of many species to disappear irreversibly
after lengthy periods beneath a closed grass sward (Scarlett and Parsons 1990; Morgan 1997,
1998a). This contrast reflects substantial differences between the composition of the Derrimut
reserve and sites studied previously. Earlier studies focused on species-rich, roadside and rail-
line remnants, which have rarely been grazed by stock, and which possess a diverse range of
native forbs, often at extremely high densities (Scarlett and Parsons 1990; Lunt 1994; Morgan
1998b). In contrast, most of the forbs which are abundant in rich sites are uncommon, rare or
absent at Derrimut, presumably as a result of past stock grazing (Lunt 1990a; Prober and Thiele
1995). Consequently, they were rarely encountered in the quadrat survey, and few declines
were observed. The observed resilience of native plant species at Derrimut is probably due to
the fact that by the time the area was reserved in 1985, the most sensitive species had already
declined (or become locally extinct), leaving only the most adaptable and resilient species to
persist. The most obvious exception to the general resilience of the Derrimut flora to withstand
variable management regimes was afforded by the dominant grass, Themeda triandra, which
declined substantially in areas of the reserve that had not been burnt for seven or more years.
Details of this phenomenon are presented elsewhere (Morgan and Lunt 1999). 

A major botanical change between 1986 and 1996 was the dramatic increase in tall forbs
with wind-blown seeds, including many exotic thistles in the Asteraceae. From casual
observations over the past decade, this change is suspected to be a long-term trend since the
exclusion of grazing stock in 1985, rather than simply being a short-term response to
particular climatic conditions in 1996. Most of these species have long been common in the
region (especially in neglected paddocks and along roadsides), and their original paucity at
Derrimut in 1986 was probably due to their sensitivity to stock grazing over the past century.
They were not conspicuous in 1996 in surrounding grazed paddocks.

The increase in tall forbs after grazing exclusion represents a reversal of the well-
documented trend in temperate grasslands of a decrease in plant height with increasing
grazing intensity (e.g. Moore 1962, 1964; Noy-Meir et al. 1989; McIntyre et al. 1995).
Importantly, however, from a conservation perspective, grazing removal did not lead to the
reinstatement of the original tall native forbs of the western plains grassland flora, but instead
promoted a different group of tall forbs (including many exotic species), presumably because
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of the abundance of exotic propagules in the region, and the paucity of the original native
plants and their propagules due to past grazing and fragmentation. Unfortunately, four of the
five native species which increased most dramatically (Agrostis avenacea, Senecio quadri-
dentatus, Epilobium billardierianum and Lythrum hyssopifolium) are �weedy�, colonising
species, which often occur in disturbed areas (Cunningham et al. 1981; SGAP Maroondah
1993; Benson and McDougall 1994), and three of these (S. quadridentatus, E. billardierianum
and L. hyssopifolium) are not typical or common components of species-rich grassland
remnants in southern Victoria (McDougall and Kirkpatrick 1994). Thus, the removal of
grazing at Derrimut has not resulted in the flora becoming more similar to that of high-
quality, species-rich grassland remnants, but, instead, has promoted a different group of
native and exotic, ruderal colonisers.

Some visually conspicuous native forbs occurred less frequently in 1996 than 1986. For
instance, the daisies Chrysocephalum apiculatum and Leptorhynchos squamatus disappeared
from many areas where they were recorded in field notebooks as being particularly abundant
in the late 1980s (Lunt, unpubl. data). Unfortunately, insufficient information is available to
know whether this trend was shared by other less conspicuous, patchily distributed species.
This uncertainty points to a major problem with the adoption of grid-based quadrat surveys to
monitor grassland change (e.g. this study; Morgan and Rollason 1995): many of the species
of most concern�including most of those of high conservation significance�are the least
frequently sampled, so most sampling effort provides relatively little information on the
species of most conservation interest (McIntyre et al. 1993). The data collected here (e.g. Fig. 2)
suggest that most frequently encountered species are relatively resilient to management
changes and, taken individually, are of relatively little conservation concern. Unfortunately,
no such conclusions can be made for sparse species. While this problem could be ameliorated
by increasing the sample size, this approach is extremely inefficient (McIntyre et al. 1993).
More efficient approaches for monitoring sparse species might include targeted species
censuses or monitoring of selected indicator species.

Future Management

The principal outcome of this study was the documentation of the floristic changes which
occurred at Derrimut over the past 10 years, since grazing was replaced by intermittent
burning. Unfortunately, there was limited ability to conclusively ascribe causes to many of the
changes observed, and many of the above interpretations are suggestions only. This difficulty
is not unique to this particular reserve, but is a major problem in appraising conservation
management outcomes in many regions (e.g. Christensen et al. 1996). Most reserve
management is not planned to facilitate rigorous assessment of the outcomes of different
management regimes. The adoption of adaptive management principles (Walters 1986;
Christensen et al. 1996; Parma et al. 1997) in future grassland management, which emphasise
that learning from management outcomes is a specific objective of conservation management,
might promote considerable advances in our knowledge of future management impacts.

At a very simple level, such outcomes could be facilitated by (1) consistently implement-
ing a small number of different �best-bet� management regimes in replicated areas within
each reserve (or between multiple reserves), rather than instituting one regime across the
entire reserve; (2) retaining pre-existing management (e.g. grazing at Derrimut) as one man-
agement treatment, so that the impacts of alternative management regimes can be compared
against the status quo; (3) fully documenting all management activities within each treatment;
and (4) changing the emphasis in �ecosystem monitoring� from an often uncritical recording
of gradual temporal change, to an explicit objective of comparing the outcomes of different
management regimes�whilst change cannot be altered, the direction of change can. These
suggestions are not necessarily more expensive than current management.

Many recent advances in our understanding of the effects of different management
regimes on temperate grasslands have been obtained from regional surveys of sites with
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contrasting management histories (e.g. Stuwe and Parsons 1977; Kirkpatrick and Gilfedder
1995; McIntyre et al. 1995; Prober and Thiele 1995; Lunt 1997b). All of these studies have
focused on sites not in the formal conservation reserve system. Future advances in managing
reserved (and off-reserve) grasslands will be greatly enhanced if conservation management is
structured so that outcomes can be rigorously assessed.
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Appendix.  Frequency of occurrence (n = 45 quadrats), and morphological and ecological attributes for all species recorded in 1986 and
1996 surveys of the Derrimut Grassland Reserve
Codes for character types and attribute states follow Table 1

Species Frequency Origin Growth- Life- Height Vegetative Habit Leaf Dispersal 1986
1986 1996 form form spread position seedbank

Acaena echinata 17 4 n f h m n s be n s
Agrostis avenacea 8 32 n g h m n s na w s
Aira cupaniana 30 27 e g t s n s na n l
Amphibromus macrorhinus 0 1 n g h t n s na n n
Anagallis minima 2 2 e f t s n s cl n n
Arctotheca calendula 1 0 e f t s n s bf n s
Asperula conferta 14 9 n f c s s c cl n n
Aster subulatus 0 19 e f h t s s cb w n
Avellinia michelii 2 0 e g t m n s na n n
Avena barbata 0 6 e g t t n s na n n
Bothriochloa macra 4 6 n g h m s s na n n
Briza maxima 18 22 e g t m n s na n l
Briza minor 31 35 e g t m n s na n l
Bromus catharticus 0 1 e g t t n s na n n
Bromus hordeaceus 31 23 e g t m n s na n m
Calocephalus citreus 8 6 n f h m n s cb n m
Calotis scapigera 1 0 n f h m s s be n n
Carex inversa 3 16 n g h m s s na n n
Catapodium rigidum 1 0 e g t s n s na n n
Centaurium sp. 10 16 e f t m n s cb n m
Cheilanthes sieberi 4 1 n f h m s s be n n
Chloris truncata 16 9 n g h m n s na w n
Chrysocephalum apiculatum 3 0 n f h m s s cb w s
Cicendia filiformis 2 7 e f t s n s cb n s
Cicendia quadrangularis 14 6 e f t s n s cb n m
Cirsium vulgare 0 23 e f t t n s cb w n
Convolvulus erubescens 34 34 n f h t n c cl n s
Conyza sp. 0 13 e f t t n s cb w n
Critesion murinum 1 0 e g t m n s na n n
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Appendix. (continued)

Species Frequency Origin Growth- Life- Height Vegetative Habit Leaf Dispersal 1986
1986 1996 form form spread position seedbank

Cuscuta epithymum 0 1 e f t s n c na n s
Cynara cardunculus 0 2 e f h t n s cb w n
Cyperus tenellus 18 17 e g t s n s na n m
Dactylis glomerata 1 0 e g h t n s na n n
Danthonia duttoniana 15 9 n g h t n s na n m
Danthonia spp. 28 31 n g h m n s na n m
Deyeuxia quadriseta 3 3 n g h t n s na n s
Dichelachne crinita 12 17 n g h t n s na n n
Dichondra repens 5 3 n f h s s s cl n n
Drosera peltata 1 0 n f g s n s bf n n
Eleocharis acuta 0 2 n g h t s s na n n
Eleocharis pusilla 0 1 n g h s s s na n n
Elymus scabrus 11 11 n g h t n s na n n
Epilobium billardierianum 0 13 n f h t n s cl w n
Eragrostis brownii 1 1 n g h m n s na n n
Erodium botrys 1 0 e f t s n s cb n s
Eryngium ovinum 14 5 n f h m n s bv n s
Euchiton spp. 2 8 x f t m n s cb w m
Gamochaeta purpurea 4 7 e f t m n s cb w m
Gastridium phleoides 1 0 e g t m n s na n n
Hainardia cylindrica 2 1 e g t m n s na n s
Haloragis heterophylla 1 2 n f h s s s cl n n
Hedypnois cretica 2 0 e f t s n s bf n n
Helichrysum rutidolepis 1 1 n f h m s s cb w n
Helminthotheca echioides 0 13 e f t t n s cb w n
Holcus lanatus 0 6 e g h t n s na n n
Homopholis proluta 0 1 n g h m n s na w n
Hypericum gramineum 12 17 n f h m n s cl n s
Hypericum perforatum 0 1 e f h t s s cl n n



551
Them

eda V
egetation C

hange

Hypochoeris radicata 19 37 e f h m n s bv w m
Isolepis spp. 11 20 n g t s n s na n m
Juncus bufonius 15 16 n g t s n s na n l
Juncus capitatus 14 17 e g t s n s na n l
Juncus flavidus 2 4 n g h t s s na n n
Juncus holoschoenus 1 2 n g h m s s na n n
Juncus homalocaulis 1 1 n g h m n s na n n
Juncus radula 1 2 n g h t s s na n m
Juncus sp. 0 1 n g h t s s na n m
Juncus subsecundus 13 14 n g h t s s na n m
Leontodon taraxacoides 15 27 e f h m n s bv w s
Leptorhynchos squamatus 3 0 n f h m n s cb w s
Linum marginale 0 1 n f h m n s cl n n
Lobelia pratioides 1 0 n f h s s s cl n n
Lolium rigidum 32 12 e g t m n s na n s
Lycium ferocissimum 1 1 e s c t n s cl n n
Lythrum hyssopifolia 5 17 n f t m n s cl n s
Medicago polymorpha 1 0 e f t s n s cl n n
Myriocephalus rhizocephalus 1 0 n f t s n s be n n
Nassella neesiana 7 19 e g h t n s na n n
Nassella trichotoma 1 11 e g h t n s na n n
Oxalis perennans 30 29 n f h s s s cl w m
Panicum effusum 1 1 n g h m n s na n n
Pentapogon quadrifidus 1 4 n g h t n s na n n
Pimelea curviflora 2 2 n s c m n s cl n n
Pimelea spinescens 3 1 n s c m n s cl n n
Plantago coronopus 14 8 e f h s n s bf n s
Plantago gaudichaudii 16 11 n f h m s s be n n
Plantago lanceolata 7 22 e f h m n s be n s
Poa sieberiana 1 0 n g h t n s na n n
Polygonum aviculare 1 0 e f t s n s cl n n
Pseudognaphalium luteoalbum 0 1 n f t m n s cb w n
Romulea rosea 45 42 e f g m n s be n l
Rumex dumosus 1 1 n f h t n s cb n n
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Appendix. (continued)

Species Frequency Origin Growth- Life- Height Vegetative Habit Leaf Dispersal 1986
1986 1996 form form spread position seedbank

Rumex sp. 0 1 x f h t n s cb n n
Schoenus apogon 19 27 n g h s n s na n s
Senecio glomeratus 0 3 n f t t n s cl w n
Senecio quadridentatus 0 22 n f h t s s cl w n
Silene gallica 0 1 e f t m n s cl n n
Solenogyne dominii 6 1 n f h s n s bf n s
Sonchus asper 4 10 e f t t n s cl w s
Sonchus oleraceus 9 31 e f t t n s cl w s
Sporobolus indicus 0 1 e g h m n s na n n
Stackhousia monogyna 1 2 n f h m s s cl n n
Stipa spp. 35 22 n g h t n s na n n
Themeda triandra 39 41 n g h t n s na n m
Tragopogon porrifolius 1 1 e f t t n s cb w n
Tribolium acutiflorum 7 5 e g h s n s na n n
Tricoryne elatior 8 8 n f g m s c cb n n
Trifolium angustifolium 14 6 e f t m n s cl n s
Trifolium campestre 14 11 e f t s n s cl n s
Trifolium dubium 13 13 e f t s n s cl n s
Trifolium striatum 15 12 e f t s n s cl n s
Trifolium subterraneum 16 11 e f t s n s cl n m
Velleia paradoxa 5 1 n f h m n s be n n
Vulpia spp. 45 39 e g t m n s na n l
Wahlenbergia gracilenta 0 1 n f t s n s cl n m
Wahlenbergia gracilis 0 6 n f h m n s cl n m




