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Abstract 
The effect of  long-term vegetation management on grassy 

forest remnants in Gippsland, south-eastern Australia, 
was examined by comparing the floristic composition of 
rarely burnt, intermittently grazed, grassy forest rem- 
nants with frequently burnt, ungrazed sites (anthropo- 
genic grasslands). Management history was the dominant 
factor controlling composition, and all frequently burnt 
sites supported a distinctly different flora from rarely 
burnt forest remnants. Frequently burnt sites contained 
many species that were uncommon or absent from the 
unburnt forest sites, and vice versa. Both vegetation types 
are assumed to be derived from an original grassy forest 
flora which contained all recorded native species. It is 
hypothesised that the imposition of divergent management 
regimes in different sites has led to an ecological segre- 
gation of native species according to their tolerance to 
prevailing management. The two vegetation types now 
make important contributions to regional diversity, 
thereby illustrating the need to maintain a diversity of 
ecosystem processes to conserve species diversity at a 
regional level. © 1997 Elsevier Science Ltd 

Keywords: fire, grazing, forest, Themeda triandra, grass- 
land, conservation. 

INTRODUCTION 

The long-term effect of contemporary vegetation man- 
agement regimes is a critical concern of conservation 
biology, particularly in endangered ecosystems. The 
lowland temperate grasslands, grassy forests and wood- 
lands of south-east Australia have suffered greatly from 
agricultural occupation, and only small intact remnants 
survive in most regions (Stuwe & Parsons, 1977; 
McDougall & Kirkpatrick, 1994; Tremont & Mclntyre, 
1994; Prober & Thiele, 1995). Many studies have 
demonstrated the deleterious impact on remnant vege- 
tation of agricultural activities, such as sustained stock 
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grazing, nutrient enrichment and soil disturbance, all of 
which usually lead to a reduction in native species richness 
and an increase in exotic species (Moore, 1962, 1964; 
Stuwe & Parsons, 1977; Cheal, 1993; Mclntyre & Lavorel, 
1994a,b; Pettit et al., 1995; Prober & Thiele, 1995). 

Lowland grassy forest and woodlands in reserves in 
Victoria (and perhaps elsewhere in south-eastern Aus- 
tralia) are rarely burnt (Victorian Government, 1983; 
Meredith, 1988; Lunt, 1995), and grazing by stock or 
native herbivores is the dominant method of biomass 
reduction. From an historical perspective, the advent of 
fire exclusion and continuous stock grazing represents a 
massive change in ecosystem functioning (Mack, 1989), 
since burning (by natural fire events and Aboriginals), 
rather than grazing, is usually viewed as one of the 
major forms of ecosystem modification and biomass 
reduction before European colonisation (e.g. Howitt, 
1890; Groves & Williams, 1981; Nicholson, 1981). 
Unfortunately, most discussions on this issue remain 
speculative, given the paucity of information on plant 
composition and fire regimes before colonisation, and 
the paucity of study areas which have remained fre- 
quently burnt since colonisation. 

Stuwe and Parsons (1977) compared the composition 
of ungrazed, frequently burnt native grasslands with 
unburnt sites on the western basalt plains of Victoria, 
and found that management history had a greater 
impact on botanical composition than did soil and 
rainfall gradients across the study area. Frequently 
burnt rail-line sites contained more native species per 
unit area than grazed sites or ungrazed and unburnt 
roadsides. No comparable studies have been conducted 
in areas supporting lowland grassy forest or woodland 
rather than grassland, and the long-term impact of fre- 
quent burning on woodland composition remains 
unknown. 

The Gippsland Plain 
The lowland Gippsland Plain (or 'Munro Plain') occu- 
pies about 2000 km 2 in eastern Victoria, stretching from 
Traralgon in the west to Johnsonville in the east (Fig. 1). 
It is bounded to the north by the foothills of the Great 
Divide and to the south by the Gippsland Lakes and 
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sandhills of the Holey Plains. The region originally 
supported grassland, grassy woodland and grassy forest 
communities (Lunt, 1994a). Most indigenous vegetation 
has been cleared or substantially altered since European 
colonisation in the early 1840s, and stock grazing is the 
predominant landuse. The original grassland ecosystems 
are now extinct (Lunt, 1994a), and all surviving grassy 
remnants are derived from grassy forests or woodlands. 

Most grassy forest remnants are dominated by Euca- 
lyptus teretieornis Smith. They have been logged in the 
past, grazed by stock at various intensities, and have 
rarely been burnt. By contrast, a second group of small 
remnants exists in frequently burnt, grazing refugia, 
mostly along rail-lines, but also in some cemeteries and 
(very rarely) on roadsides. These sites are dominated by 
the native, perennial tussock-grass Themeda triandra 
Forsskal. The Gippsland railway line was constructed 
between 1878 and 1888 (Adams, 1987), and 40-50 years 
elapsed between the cessation of burning by Aboriginals 
(Howitt, 1890) and the beginning of frequent burning 
by railway staff. For the past century, rail easements 
have been burnt frequently, perhaps annually while 
steam trains ran, but burning regimes have relaxed (to 
every three years or so) over the last two decades, and 
continue to decline with the reduction of rail services to 
the region. Trees were removed from rail-line easements 
and most cemetery sites last century, and reinvasion has 
usually been prevented by frequent burning. However, 
copses of young, regenerating saplings are common in 
some areas, especially where the rail-line abuts roadside 
vegetation. 

The presence on the Gippsland Plain of intact forest 
remnants, as well as frequently burnt rail-line refugia, 
provides an ideal opportunity to investigate species and 
community responses to long-term management regimes 
across a range of soil types in the one region. This study 
was undertaken to address three main issues: (1) whe- 
ther the structural differences between rarely burnt for- 
est patches and frequently burnt grasslands are reflected 
in substantial differences in floristic composition; (2) the 
extent to which floristic composition reflects site man- 
agement or natural, edaphic conditions; and (3) to 
develop hypotheses for the genesis of current vegetation 
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Fig. 1. Location of the study area, the lowland Gippsland plain. 

patterns and recommendations for future management. 
Growth-form and seed bank comparisons are investi- 
gated elsewhere (Lunt, 1997a,b). 

MATERIALS AND METHODS 

Geology, soils and climate 
The Gippsland Plain is composed of Pleistocene and 
recent alluvial deposits of gravel, sand, silt and clay. 
Aeolian sand dunes and sheets overlie the alluvial 
deposits in places (Aldrick et al., 1988), but support 
different vegetation types, which are not studied here. 
The moderately fertile soils of the plains generally con- 
sist of loamy topsoils above a clay-loam or clay subsoil. 
Soils are often waterlogged in late winter and early 
spring owing to the low topographic relief and slowly 
permeable subsoil (Ward, 1977; Land Conservation 
Council Victoria, 1982; Aldrick et al., 1988). Mean 
annual rainfall ranges from about 600 to 800 mm, and 
tends to be uniformly distributed throughout the year, 
with a slight peak in spring. At East Sale, near the cen- 
tre of the study area, mean daily maximum tempera- 
tures range from 25°C in February to 13°C in July, and 
mean daily minimum temperatures range from 13°C in 
February to 3°C in July (Aldrick et al., 1988). 

Sampling 
All known remnants in the region were mapped and 
assessed in autumn and winter 1991, and seven rarely 
burnt, grassy forest remnants and 11 frequently burnt 
remnants with minimal invasion by exotic species were 
selected for sampling in spring and early summer 1991. 
All but two frequently burnt sites were on rail-lines; one 
small site was on a roadside and the largest was in a 
cemetery. Remnant size varied from 400ha at the lar- 
gest forest remnant (Moormurng Flora and Fauna 
Reserve) to less than 1 ha at many rail-line grassland 
sites. Floristic composition was assessed in 66 5 × 4 m 
quadrats. In each quadrat, the cover afforded by all 
species of vascular plant was visually estimated and 
allocated to one of six classes in a modified Braun- 
Blanquet scale: +,  < 5 % cover and < 10 individuals; 1, 
5 % cover with 10 or more individuals; 2, 5-25 % cover; 
3, 25-50 % cover; 4, 50-75 % cover; and 5, 75-100 % 
cover. Each quadrat was sampled twice, in spring and 
early summer 1991. Quadrats were arranged on a grid 
within each site, to cover the spatial variability across 
the remnant, and the grid interval varied from 100 to 
300m, according to the size of the remnant. The num- 
ber of quadrats sampled at each site varied with the size 
of the remnant. Plant nomenclature follows Walsh and 
Entwisle (1994) for ferns and monocotyledons and Ross 
(1993) for dicotyledons. 

Tree canopy cover at each quadrat was estimated 
from a vertical photograph taken with a 180 ° hemi- 
spherical lens. Indices of direct and diffuse radiation 
were calculated to indicate the extremes in radiation 
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which might be experienced on completely clear and on 
cloudy days, respectively. Calculations were performed 
on a digital image of  each photograph, using the com- 
puter program CANOPY, developed by Tim Mont- 
gomery and Ian Davies (Research School of  Biological 
Sciences at Australian National University), and based 
on programs described by Chazdon and Field (1987) 
and Becker et al. (1989). 

Topsoil texture was determined from a 15 cm deep 
soil sample in the centre of each quadrat, by air-drying, 
sieving and mechanical analysis using the hydrometer 
method (Piper, 1942). Textural groups follow Leeper 
(1964). The mean particle size of  the topsoil (i.e. percent 
sand, silt and clay) was compared between vegetation 
types using Student's t-tests. Seasonal changes in topsoil 
moisture contents were sampled at five frequently burnt 
and five rarely burnt quadrats, which were selected 
(after the vegetation analysis was completed) to encom- 
pass the maximum variation in floristic composition in 
both ecosystems, and a similar range in topsoil texture. 
At approximately monthly intervals between May 1993 
and April 1994, three 10cm-deep soil samples were 
randomly selected from each quadrat, and gravimetric 
moisture content was calculated. 

Analyses 
Floristic and environmental data were stored and 
manipulated using DECODA (Minchin, 1991). The 
total data set was first classified using the polythetic 
divisive technique TWINSPAN (Hill, 1979) to deter- 
mine whether the ground strata of  the frequently burnt 
and rarely burnt sites were floristically distinct. Cover-- 
abundance data were used and the classification was 
truncated at the two-group level. All trees and the con- 
spicuous dominant grass, Themeda triandra, were 
excluded from the classification to ensure that it was not 
biased by structural dominants. 

Characteristic and diagnostic species in each vegeta- 
tion type were determined from the preferential species 
produced at the first TWINSPAN division, and the fre- 
quency of occurrence of  all species in each vegetation 
type was compared by chi-square tests. The mean num- 
ber of species, and of selected species groups, per quad- 
rat were compared between vegetation types using 
Student's t-tests. 

The floristic data were also analyzed by global, non- 
metric multi-dimensional scaling (NMDS), using the 
Bray-Curtis coefficient of  dissimilarity in the DECODA 
package (Minchin, 1991). Three-dimensional solutions 
were selected from all ordinations as the decrease in 
'stress' after adding a third dimension was high, com- 
pared with a relatively small decrease in stress after 
adding a fourth dimension. NMDS analyses were per- 
formed using 40 random starts on the full data set and, 
on two subsets, quadrats from rarely burnt forest rem- 
nants and from frequently burnt sites. As in the 
TWINSPAN classification, all trees were excluded from 
all ordinations, and the dominant grass, Themeda trian- 

dra, was omitted from the ordination of  the total data 
set. Cover abundance data were standardised to unit 
maxima (Faith et al., 1987). The correlation of  five 
environmental parameters - -  annual direct light, per- 
cent diffuse light, and percent sand, silt and clay - -  with 
the distribution of quadrats on each ordination was 
examined by plotting each environmental parameter 
directly onto the ordination and by calculating correla- 
tion coefficients, using the vector-fitting procedure in 
DECODA, to find vectors of maximum correlation 
(Rmax) of  variables within the ordinations. An estimate 
of the significance of  Rmax was obtained using Monte- 
Carlo tests (Faith & Norris, 1989). 

RESULTS 

Floristic classification 
The first division in the TWINSPAN classification 
clearly separated all frequently burnt quadrats - -  from 
rail-line, cemetery and roadside sites - -  from rarely 
burnt quadrats in forest remnants. Notably, all quad- 
rats under trees on railway lines were classified with all 
other grassland quadrats on rail-lines, rather than with 
the quadrats in forest remnants. 

All but nine of  the preferential species which were 
identified at the first division in the TWINSPAN analy- 
sis occurred significantly more frequently in one vege- 
tation type or the other based on chi-square tests 
(Appendix 1). The TWINSPAN analysis used cover-  
abundance values rather than presence/absence, as was 
used in the chi-square tests, and thereby provided a 
more discriminating means of  determining relative 
abundance in the two vegetation types. The combined 
list of  TWINSPAN preferential species and species 
recognised as significant by the chi-square analysis 
shows that 77 of the 285 species recorded (27%) had a 
marked preference for one of  the two vegetation types 
(Appendix 1). 

Quadrats from rarely burnt forest remnants were sig- 
nificantly richer in species than those from frequently 
burnt sites (p<0-05,  Table 1). Rarely burnt quadrats 
contained significantly more native and annual species 

Table 1. Species richness characteristics of rarely burnt forests 
and frequently burnt grasslands 

Species group Forest Grassland p 

Total species 44 + 1.5 38 + 1.8 * 
Woody species 4 ± 0.3 3 ~: 0.4 NS 
Native species 35 i 1.5 29 ± 1.4 * 
Exotic species 9 ± 0.7 9 -~ 0.9 NS 
Perennial species 33 + 1.5 31 ± 1-1 NS 
Annual species 10 ± 0-8 8 ± 1.1 * 
Geophytes 3 ± 0.3 7 ± 0-5 *** 
Graminoids 15 :~ 0.7 15 ± 0.9 NS 

Values show mean number of species per 20m 2 quadrat±- 
standard error of the mean, with significance values (p) from t- 
tests: NS, not significant (p > 0.05); *, p < 0.05; **, p < 0.01; *** 
p < 0.001. The 'perennial species' category excludes geophytes. 
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than frequently burnt sites (p < 0-05), but there were no 
significant differences in the number of woody species, 
graminoids, perennials or exotic species between the two 
vegetation types (p>0.05). Conversely, frequently 
burnt quadrats had significantly more geophytes than 
rarely burnt quadrats (p<0-001). As only one exotic 
geophyte occurred commonly in either of the two 
vegetation types (Romulea rosea), frequently burnt sites 
had double the native geophyte richness of rarely burnt 
forests. 

Both vegetation types occurred on all recorded tex- 
ture classes, and there were no significant differences in 
topsoil sand, silt or clay content between vegetation 
types (Table 2, p > 0.05). As expected, direct and diffuse 
light contents were significantly greater in frequently 
burnt quadrats, many of which were treeless (mean = 
88% for diffuse light), than in rarely burnt forests (mean 
= 57% for diffuse light, p < 0-001). Soil moisture levels 
varied considerably over the year, but were consistently 
greater in frequently burnt grasslands than in rarely 
burnt forest sites (Fig. 2) during all but the wettest and 

Table 2. Topsoil characteristics of rarely burnt forest and 
frequently burnt grassland sites 

Soil character Forest Grassland Total 

Texture Class 
Clay 4 1 5 
Silty loam 2 2 4 
Loam 11 6 17 
Sandy loam 2 4 6 
Loamy sand 14 16 30 
Sand 2 2 4 

Mean particle size Significance 
% sand 70 73 NS 
% silt 16 16 NS 
% clay 15 11 NS 

NS, no significant difference in mean particle size (p > 0-05). 

driest periods (September 1993 and January 1994, 
respectively). Soil moisture levels beneath one rail-line 
site with a dense canopy of Allocasuarina littoralis were 
consistently low, and of comparable levels to forest 
remnants rather than other rail-line grassland sites 
(Fig. 2). This pattern was apparent at the local, as well 
as the regional, scale. Supplementary sampling in April 
1994 from a treeless area 20 m west of the Allocasuarina 
copse found soil moisture levels were significantly 
lower beneath the tree canopy than in the adjacent, 
open gap (mean = 7.2% cf. 17.5% in the gap; Stu- 
dent's t-test: p=0.0017, d.f .=4).  There was no 
obvious difference between the two sites in topography 
or soil texture. 

Ordination plots 
The first ordination axis clearly distinguished frequently 
burnt from rarely burnt quadrats (Fig. 3). The percent 
diffuse light and annual direct light vectors were 
strongly associated with the first ordination axis, 
whereas topsoil texture was strongly associated with the 
second axis (Fig. 3). Thus, while soil texture was corre- 
lated with floristic composition within each vegetation 
type, it was not associated with the major floristic divi- 
sion between frequently burnt and rarely burnt sites. 
The differentiation between frequently burnt and rarely 
burnt quadrats on the first ordination axis is associated 
with a number of management practices, including tree 
clearing, frequent burning and grazing. It is not possible 
to determine which individual practice contributes most 
to this pattern, merely that management history 
(including the effects of tree clearing) has a stronger 
effect on the composition of remnant vegetation in the 
region than do physical factors such as topsoil texture. 

The impact of tree canopy cover on plant distribu- 
tions is demonstrated in a species ordination plot of 
rarely burnt, forest quadrats (Fig. 4). Eleven species 
with a significant ecological preference for frequently 
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Fig. 2. Seasonal changes in soil moisture at five frequently burnt sites (0  and II) and five rarely burnt sites (~). Four of the 
frequently burnt sites were treeless (0); the fifth was beneath a young copse of Allocasuarina littoralis (11). 
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burnt sites were also recorded from more than four 
rarely burnt forest sites (> 11% of rarely burnt sites: 
Appendix 1). All but one were best represented in forest 
sites with high levels of direct and diffuse light, i.e. in 
open canopy gaps (Fig. 4). The exotic herb Sonchus 
oleraceus displayed the opposite response, being best 
represented in highly shaded forest sites. Species with 
an ecological preference for rarely burnt sites, and 
widespread species which were common in both vege- 
tation types, occurred under a wide range of canopy 
light levels (Fig. 4). 

DISCUSSION 

These results demonstrate substantial differences in the 
botanical composition of grassy forest remnants, which 
have been regularly grazed and rarely burnt, and rail- 
line, roadside and cemetery sites, which have been fre- 
quently burnt and ungrazed by stock for over 100 years. 
Frequently burnt sites now support a markedly different 
native flora from sites which have been irregularly 
grazed and rarely burnt. These floristic differences were 
not related to variations in soil texture, which is a 
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dominant controlling force for broader vegetation pat- 
terns in the region (Aldrick et al., 1988). However, soil 
texture remains an important determinant of botanical 
composition within and between different forest sites 
and different grassland sites (Figs 3-4). 

Topsoil, rather than subsoil, characteristics were 
assessed in this study. Subsoil composition is unlikely to 
influence the conclusions reached, however, for three 
reasons: (1) subsoil depth is generally correlated with 
topsoil sand content, with deeper subsoils beneath aeo- 
lian sand sheets (Aldrick et al., 1988); (2) roots of most 
herbaceous plants extend for less than 20cm depth 
(Lunt, 1997b), and usually do not access the underlying 
clay subsoil; and (3) obvious fenceline effects are unli- 
kely to reflect subsoil changes. 

Grassy forest remnants and anthropogenic grasslands 
both contain a diverse assemblage of native species with 
relatively few exotics, although the paucity of exotic 
species is undoubtedly strongly influenced by the sam- 
piing bias for intact, diverse sites. Surprisingly, the flora 
of frequently burnt sites is not a simple subset of the 
unburnt forest flora, which might be expected given the 
lengthy period of high frequency burning. Instead, the 
frequently burnt sites support many native species 
which are uncommon in or absent from unburnt forest 
sites. The apparent paucity of different species in each 
vegetation type is not a simple artefact of limited quad- 
rat sampling, but was supported by repeated casual 
observations at all remnants over a five-year period. 

Two alternative hypotheses may be erected to 
account for the presence of different suites of native 
species in sites with different management histories. The 
two floras can be viewed either: (1) as remnant vegeta- 
tion types, containing segregated subsets of a flora 
which originally contained all of the recorded native 
species; or (2) as containing a substantial component of 
immigrant species, both native and exotic, which have 
colonised these sites over the past 100 years. 

The presence of exotic species in both ecosystems 
points to the widespread immigration of many species 
since European settlement. A ready source of propa- 
gules exists in surrounding pastures, where these species 
are abundant. The immigration hypothesis is more dif- 
ficult to sustain for native species, however, as many of 
the species which are primarily restricted to either vege- 
tation type are relatively rare in pastures, and few pos- 
sess propagules capable of long-distance dispersal. 
Furthermore, infrequent long-distance dispersal events 
are unlikely to result in a consistent botanical composi- 
tion across many small, isolated sites, many of which 
are managed by different management agencies. 

From a historical perspective, the genesis of the cur- 
rent vegetation patterns might best be interpreted by the 
following model: (1) fragmentation and degradation of 
the original vegetation by agricultural development; (2) 
the imposition of different management regimes on 
'neglected' remnants; and (3) species extinctions in 
intact remnants, in response to the imposed manage- 

ment regimes, leading to the segregation of plant species 
between intact remnants. Under this habitat segregation 
model, the original grassy forest ecosystem presumably 
contained elements of the two present-day communities, 
the intermittently grazed, grassy forest sites and the fre- 
quently burnt, anthropogenic grasslands. These two 
vegetation types now protect different portions of the 
original species pool, and both provide complementary 
contributions to regional diversity conservation. 

The low cover and abundance of exotic species in the 
study sites is perhaps surprising given the magnitude of 
the vegetation changes which have occurred over the 
past 100 years. The paucity of exotics is primarily influ- 
enced by the sampling strategy which selected for 
diverse, uninvaded remnants. Nevertheless, losses of 
native species do not seem to have been accompanied by 
a corresponding replacement by exotics. The distur- 
bance regimes employed over the past century (frequent 
grassland burning and intermittent forest grazing) have 
not promoted rapid invasion by exotic species. From 
casual observations, grassland sites appear most prone 
to invasion when left unburnt for five or more years, by 
competitive, exotic species such as Paspalum dilatatum, 
Holcus lanatus and Rubusfruticosus spp. agg. Mclntyre 
and Lavorel (1994a) found that water enrichment and 
soil disturbance promoted exotic species more than 
stock grazing, and the paucity of exotics in the study 
sites may reflect the absence of these deleterious distur- 
bance regimes. 

ECOLOGICAL FACTORS INFLUENCING 
VEGETATION PATTERNS 

From a static survey, it is impossible to determine the 
precise ecological processes which have contributed to 
the observed patterns of species' distributions. The 
absence of forest species from frequently burnt grass- 
land sites might reflect factors such as fire sensitivity or 
a requirement for trees. Conversely, the absence of spe- 
cies from unburnt, intermittently grazed forest patches 
might reflect a sensitivity to past stock grazing, a 
requirement for fire, or for open treeless gaps, or other 
factors. Different mechanisms may control the distribu- 
tions of different species, and reintroduction experi- 
ments would be required to distinguish between 
hypotheses. However, three factors are briefly discussed 
below in order to place these patterns in a broader eco- 
logical context; effects of tree canopies, soil moisture 
differences and stock grazing. 

The distribution of some species which are most 
abundant in frequently burnt, treeless sites, may be 
controlled by tree canopy effects. The ordination of 
rarely burnt, forest sites (Fig. 4) showed that species 
which are characteristic of open, frequently burnt sites 
are most abundant in unburnt forest remnants in places 
with an open eucalypt canopy. This suggests that some 
species which are common in frequently burnt, treeless 
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sites might be poorly represented in sites with a dense 
eucalypt canopy because of an inability to grow or 
reproduce in shaded conditions. Canopy effects are 
unlikely to be the sole determinant of plant composi- 
tion, however, as some of the sampled forest gaps were 
of comparable size to canopy openings on rail-lines. 
Furthermore, where rail-line grassland remnants abut 
adjacent grazed forest remnants there is often a sharp 
fenceline boundary, rather than a gradual transition, 
between the two floras. Interestingly, the composition of 
treed sites on frequently burnt rail-lines more closely 
resembles that of rail-line grasslands than forest rem- 
nants. Copses of trees on rail-lines tend to be small and 
young, and the flora beneath tree patches was presum- 
ably derived from an open grassland flora before tree 
recruitment occurred, since species that are restricted to 
the vegetation of forest sites do not occur in the seed- 
bank in grassland sites (Lunt, 1997a). 

Frequently burnt, anthropogenic grasslands posses- 
sed seasonally higher levels of soil moisture than forest 
remnants (Fig. 2), which may contribute to species dis- 
tribution patterns. Higher levels of soil moisture in fre- 
quently burnt, treeless sites are probably due to rapid 
rates of transpiration by relatively young stands of for- 
est trees (< 50 years) and diminished evaporation in 
grasslands beneath a dense canopy of Themeda triandra. 
Characteristic species of frequently burnt sites, such as 
Craspedia variabilis, Diuris pedunculata, Drosera peltata 
ssp. peltata and Haloragis heterophylla, all commonly 
occur in seasonally moist habitats (Scarlett et al., 1992; 
Willis, 1970). A soil seed bank study found high seed den- 
sities of moisture-requiring Juncus species in forest seed- 
banks, which would suggest moister forest soils in the past 
(Lunt, 1997a), perhaps prior to timber harvesting and the 
recruitment of relatively dense stands of younger trees. 
Most Juncus species are now rare in the forest vegetation. 

Past grazing by stock, and perhaps current grazing by 
kangaroos in some sites, is likely to be a major reason 
for the paucity of many species from irregularly grazed, 
unburnt forest remnants. Characteristic species or fre- 
quently burnt and unburnt habitats possess different 
growth-forms (Lunt, 1997b), with tall, upright species 
being more abundant in frequently burnt, ungrazed 
sites. Plant growth-form characteristics are discussed in 
more detail elsewhere (Lunt, 1997b). 

Future conservation options 
Given the near-ubiquity of agricultural development on 
the lowland Gippsland plains, and in other grassy forest 
and woodland regions, all intact vegetation remnants in 
the region are of high conservation value (Department 
of Conservation & Environment, 1992). Furthermore, 
since anthropogenic grasslands and grassy forest rem- 
nants support different subsets of the original and 
extant regional biota, both types of remnants are vital 
to the conservation of regional plant diversity. 

There is probably little opportunity for dispersal 
between vegetation remnants, since most remnants are 

isolated from other stands of native vegetation, and 
many native species have no adaptations for long-dis- 
tance dispersal. Thus, extinction from isolated remnants 
is probably a one-way process, leading to a gradual 
decline in native plant diversity, with little opportunity 
for natural reintroductions (Lunt, 1997a). 

The perpetuation of historical management regimes is 
likely to be vitally important to the perpetuation of 
community composition, given that the present compo- 
sition of both ecosystems appears to have been largely 
determined by past management. In particular, the per- 
petuation of frequent burning in small rail-line and 
cemetery remnants is vitally important, since frequent 
fire is required to maintain plant diversity by preventing 
the dominant grass, Themeda triandra, from outcom- 
peting smaller herbs (Stuwe & Parsons, 1977; McDou- 
gall, 1989; Lunt, 1994b). 

The rarity of many species in grassy ecosystems is 
often ascribed to habitat loss (e.g. Leigh et al., 1984; 
Lunt, 1992; Scarlett & Parsons, 1993). Clearly, this fac- 
tor is vitally important in this region (as elsewhere), as 
all of the remnants studied collectively occupy less than 
1% of the region. However, additional factors have 
contributed to species rarity. Large populations of a 
number of species (including the orchid Diuris punctata, 
which is listed as a vulnerable species in Victoria: Gul- 
lan et al., 1990) are almost entirely restricted to small, 
frequently burnt grazing refugia. These species are 
extremely rare in grassy forest remnants, even though 
many intact remnants possess a diverse native flora and 
few exotic species. The rarity of these species is not 
simply a function of habitat fragmentation and devel- 
opment for agriculture, but also reflects the imposition 
of management regimes which are inappropriate for 
these species in intact grassy forest remnants. Similar 
results were obtained by Kirkpatrick and Gilfedder 
(1995) in a study of rare species in Tasmanian grassy 
ecosystems. 

In essence, these findings demonstrate the need to 
maintain a diversity of ecosystem processes - -  if not 
within sites, then at least between different sites 
throughout the region - -  since different management 
regimes maintain different suites of species. Fire is likely 
to have been an important influence on community 
composition and function in lowland grassy ecosystems 
before European colonisation (Howitt, 1890; Groves & 
Williams, 1981; Nicholson, 1981). Since European set- 
tlement, however, fire has been excluded from most 
grassy forest and woodland remnants in Victoria as fuel 
levels have traditionally been managed by stock grazing 
(Victorian Government, 1983; Meredith, 1988; Lunt, 
1995). Even though low levels of stock grazing have 
maintained a diverse native flora with few weeds, the 
imposition of a single management regime has clearly 
been to the detriment of many species which now only 
prosper in small, frequently burnt, grazing refugia. The 
perpetuation of endangered species in these sites is a his- 
torical accident, and is rapidly becoming a technological 
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anachronism, as land management  agencies achieve fire 
management  objectives by replacing labour-intensive 
burning with ploughing or poisoning (McDougall  
& Kirkpatrick,  1994). The results of  this study of  
long-term management  effects suggest that frequent 
burning should be maintained in selected areas as an 
integral component  of  grassy forest and woodland 
management.  
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APPENDIX 1 

Characteristic slmeies of frequently burnt and rarely burnt sites 
Table  includes all species in >_-40 % of  rarely b u r n t  or  frequently b u r n t  sites, preferential  species f rom the first division of  the 
T W I N S P A N  classification, and  species occurr ing significantly more  frequently in one vegetat ion type (X 2 tests, p > 0.05). Asterisks 
denote  exotic species. T W I N S P A N  preferential  species: fb, preferential  species of  frequently b u r n t  sites; rb,  preferential  species of  
rarely b u r n t  sites; - - ,  s t ructural  d o m i n a n t  species excluded f rom T W I N S P A N  analysis. Significance: NS, no t  significant (p  > 0.05); 
*, p < 0.05; **, p < 0.01; ***, p < 0.001. 

Species % rarely b u r n t  sites % frequently T W l N S P A N  Significance 
b u r n t  sites preferential  species 

Character is t ic  species of  frequently b u r n t  sites 
Allocasuarina verticillata 0 23 - -  * 

• Briza maxima 11 61 fb *** 
Bulbine bulbosa 3 48 fb *** 
Burchardia umbellata 3 74 fb *** 
Caesia calliantha 3 55 fb *** 
Carex breviculmis 51 77 * 
Chamaescilla corymbosa 3 23 fb * 
Chrysocephalum apiculatum 0 45 fb *** 
Craspedia variabilis 3 29 fb ** 
Dichelachne crinita 26 55 fb * 
Dillwynia cinerascens 14 32 fb NS 
Diuris punctata 0 29 fb ** 
Drosera peltata 14 74 fb *** 
Eragrostis brownii 9 23 fb NS 
Eragrostis trachycarpa 0 19 * 
Gonocarpus tetragynus 14 39 fb * 
Haloragis heterophylla 6 23 fb NS 
Helichrysum scorpioides 0 19 * 
Hemarthria uncinata 0 16 * 
• Holcus lanatus 11 39 fb * 
Hypoxis hygrometrica 14 29 fb NS 
• Juncus capitatus 11 35 fb * 
Leptorhynchos squamatus 6 32 fb * 
Lomandra nana 17 42 fb * 
Microtis species 29 55 * 
Pentapogon quadrifidus 14 65 fb *** 
Pimelea humilis 43 84 * ** 
Poa clelandii 0 55 fb *** 
• Romulea rosea 14 52 fb ** 
• Sonchus oleraceus 17 39 fb * 
Thelymitra species 9 35 fb * 
Themeda triandra 54 100 - -  *** 

Character is t ic  species of  rarely b u r n t  sites 
Acacia implexa 29 0 - -  ** 
Agrostis avenacea 37 16 rb NS 
Asperula conferta 29 3 rb * 
Astroloma humifusum 34 6 rb * 
• Cerastium glomeratum 23 10 rb NS 
Comesperma volubile 17 0 * 
Cotula australis 49 3 rb *** 
Crassula decumbens 34 6 rb * 
Crassula sieberiana 40 16 rb * 
Danthonia geniculata 34 0 rb ** 
Danthonia racemosa 89 23 rb *** 
Dichondra repens 77 0 rb *** 
Elymus scabrus 43 16 rb * 
Eucalyptus tereticornis 94 19 - -  *** 
Euchiton involucratus 83 13 rb * ** 
Gahnia radula 46 13 rb ** 
• Galium murale 34 3 rb ** 
Geranium potentilloides 20 0 rb * 
Glycine microphylla 17 0 * 
Hydrocotyle foveolata 37 3 rb ** 
Hydrocotyle laxiflora 57 3 rb *** 
• Hypochoeris glabra 54 19 rb ** 
Juncus subsecundus 29 10 rb NS 
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APPENDIX l - - -contd 

Species % rarely bu rn t  sites % frequently T W l N S P A N  Significance 
bu rn t  sites preferential  species 

Lagenifera gracilis 66 0 rb *** 
*Leontodon taraxacoides 71 45 * 
Leptorhynchos linearis 34 6 rb * 
Microlaena stipoides 100 29 rb *** 
Opercularia varia 23 3 rb * 
Oxalis perennans 83 39 rb *** 
Poa sieberiana 57 3 rb *** 
Poranthera microphylla 74 10 rb *** 
Ranunculus sessiliflorus 20 0 rb * 
Senecio species 20 0 rb * 
Senecio tenuiflorus 20 0 rb * 
Solenogyne dominii 23 3 rb * 
*Soliva sessilis 23 3 rb * 
Stipa mollis 23 10 rb NS 
Stipa rudis 54 10 rb *** 
* Taraxacum sp. aft. brakellii 20 0 rb * 
Thysanotus patersonii 43 19 rb * 
Veronica plebeia 71 0 rb *** 
Viola betonicifolia 20 3 rb NS 
* Vulpia myuros 23 3 rb * 
Wahlenbergia gracilis 43 3 rb *** 
Xanthorrhoea minor 17 0 * 

Widespread species 
*Aira species 66 55 NS 
*Anagallis arvensis 43 26 NS 
Arthropodium stricture 49 68 NS 
Bossiaea prostrata 54 58 NS 
*Briza minor 49 65 NS 
*Centaurium erythraea 43 48 NS 
Danthonia setacea 46 29 NS 
Danthonia tenuior 49 29 NS 
* Gamochae ta purpurea 60 42 NS 
Hypericum gramineum 63 68 NS 
*Hypochoeris radicata 89 100 NS 
Lomandrafiliformis 49 52 NS 
Plantago gaudichaudii 23 45 NS 
Schoenus apogon 60 81 NS 
Tricoryne elatior 74 90 NS 


