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How do fire regimes affect ecosystem structure, function 
and diversity in grasslands and grassy woodlands of 
southern Australia? 
Ian D Lunt, Suzanne M Prober and John W Morgan 

Introduction 

Grasslands and grassy woodlands are widespread across southern Australia, occurring in the 
transitional zone between forests in higher rainfall areas and the shrublands and hummock grasslands 
of the drier interior. The conservation status of grassy ecosystems in southern Australia varies from 
relictual fragments in intensively-used agricultural regions to well-conserved, intact ecosystems in the 
Australian alps. In this chapter, we briefly describe the distribution of grasslands and grassy 
woodlands in southern Australia, and then review three major ways in which fire regimes can affect 
the distribution, structure, dynamics and composition of these ecosystems. We ask three questions that 
have received considerable attention globally – to what extents do fire regimes in grassy ecosystems in 
southern Australia influence: (1) boundaries between treeless grasslands and timbered woodlands; (2) 
the cover or abundance of woody plants within grassy woodlands; and (3) the productivity, structure, 
function and diversity of ground vegetation in grasslands and grassy woodlands?  

Ecosystem descriptions 

This chapter covers native grasslands and grassy woodlands in southern Australia. Arid, subtropical 
and tropical ecosystems, and grassy woodlands dominated by genera other than Eucalyptus are 
excluded. We use the collective term ‘grassy ecosystems’ to refer to both grasslands and grassy 
woodlands. Southern grassy ecosystems extend in a broad arc from southern Queensland, through 
New South Wales and Victoria, to eastern South Australia. They also occur in Tasmania and south-
western Australia (Yates and Hobbs 1997; DEWR 2007). Structurally, they range from low open 
woodland with less than 10% foliage projective cover in drier zones to tall woodland with up to 30% 
projective foliage cover in high rainfall regions (Yates and Hobbs 1997). In this review, we divide 
southern grassy ecosystems into three broad climatic categories: semi-arid, mesic and alpine/sub-
alpine. Semi-arid grassy ecosystems occur in dry regions with around 200–400 mm mean annual 
rainfall, in all mainland states. Mesic grassy ecosystems occur in regions with 400–1000 mm mean 
annual rainfall, excluding sub-alpine and alpine areas. Mesic ecosystems range from the boundary of 
the semi-arid zone to tablelands and coastal regions in south-east Australia, and occur in all southern 
states. Mesic ecosystems are often referred to as ‘temperate’, but we avoid this term due to its variable 
usage. Sub-alpine and alpine ecosystems occur at high elevation (>915 m in Tasmania and >1370 m 
on mainland Australia: Williams and Costin 1994), and receive regular snow fall. 

Two distinct understorey types occur in grassy woodlands: shrubby and grassy. Shrub understoreys 
predominate in semi-arid woodlands and on more skeletal soils in mesic regions (Yates and Hobbs 
1997), and are not the focus of this chapter. Grassy understoreys support a ground-layer of annual and 
perennial grasses and forbs, with only scattered shrubs, and may also be called forb-rich woodlands if 
forbs are more prominent than grasses. They are common on relatively fertile soils, especially in mesic 
regions (Yates and Hobbs 1997). Sub-alpine woodlands support both grassy and shrubby understoreys 
depending on site factors and disturbance history (Williams and Costin 1994). Mesic grasslands 
generally occur on heavy soils in valley bottoms and plains (Kirkpatrick et al. 1995; Lunt and Morgan 
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2002; Keith 2004). These are most prominent in south-eastern Australia, although limited areas of 
mesic grasslands probably once occurred in south-western Australia (O’Connor 2001). At higher 
elevations, alpine grasslands occur above the tree-line and sub-alpine grasslands occur in frost hollows 
below the tree-line (Williams and Costin 1994). Small mesic grasslands also occur within eucalypt 
forest and rainforest mosaics in high rainfall (700–1800 mm) areas in eastern Australia (Ellis 1985; 
Fensham and Fairfax 1996; Stubbs 2001); these are referred to as ‘grassy balds’ in this review, 
following Fensham and Fairfax (1996).  

Grasslands generally have a similar plant composition to the understorey in nearby woodlands. The 
perennial native grasses, Themeda australis (syn. T. triandra) and Poa species dominate understoreys 
in mesic, sub-alpine and alpine zones. Other native grasses – particularly Austrodanthonia, 
Austrostipa and Enteropogon species – are often dominant in semi-arid regions and in many mesic 
ecosystems, including those with less than 550 mm mean annual rainfall, poor soils, and following 
heavy grazing by livestock. Other distinctive grassy ecosystems occur in areas with heavy cracking-
clay soils and summer-dominant rainfall, such as the Darling Downs of southern Queensland (Groves 
and Williams 1981; Keith 2004). Perennial forbs are abundant in grassy ecosystems in mesic and 
alpine regions, whereas native annuals and shrubs become more abundant in semi-arid regions.  

Of all of Australia’s major vegetation types, mesic grassy ecosystems have undergone the greatest 
decline since European settlement (DEWR 2007). Grassy ecosystems in agricultural regions have been 
fragmented and degraded by widespread clearing, cultivation, fertilisation and livestock grazing. Most 
remnants are weed-invaded and managed for purposes other than biodiversity conservation (Yates and 
Hobbs 1997). By contrast, grassy ecosystems remain more intact, and more native species persist, in 
regions with less extensive cropping and pasture improvement (McIvor and McIntyre 2002), 
especially in alpine areas. In sub-alpine and alpine regions, grassy ecosystems were historically grazed 
by livestock in summer until grazing controls were introduced over the last 50 years (Williams and 
Costin 1994). Most subalpine and alpine regions are no longer grazed by domestic stock. 

Fire and grassland–woodland boundaries 

Frequent burning maintains boundaries between treeless grasslands and wooded ecosystems in many 
regions around the globe (Backéus 1992; Bond 2008). However, the relative influence of top-down 
processes, such as fire, and bottom-up (resource-constrained) processes, such as soil water availability, 
on grassland boundaries has been debated for many decades (e.g. Sauer 1950; Bond 2008). In southern 
Australia, tree–grassland boundaries in lowland, montane and alpine areas may each be regulated by 
differing combinations of top-down and bottom-up processes. 

Mesic grassy ecosystems 

Mesic grassy ecosystems have been extensively cleared for agriculture, but pre-European boundaries 
between grasslands and woodlands are clearly shown on historical survey plans. Many early maps 
show sharp boundaries that accord closely with soil and topographic patterns (e.g. Fensham and 
Fairfax 1997; Lunt 1997). Mesic grasslands predominantly occurred on heavy clay soils, and many 
were subject to seasonal waterlogging and inundation (Beadle 1981; Kirkpatrick et al. 1995; Keith 
2004). Morcom and Westbrooke (1998), for example, noted that treeless grasslands and timbered 
woodlands in the Wimmera in western Victoria occupied subtly distinct micro-topographic positions, 
with grasslands on low-lying clay soils and woodlands on slightly elevated areas that were inundated 
less frequently. Heavy, waterlogged and/or cracking clay soils constrain establishment of tree 
seedlings, particularly when combined with low–moderate rainfall (350–700 mm generally), summer 
droughts, low winter temperatures and, in some regions, frequent frosts. Consequently, bottom-up, soil 
and topographic processes are widely seen as the principal regulators of boundaries between mesic 
grasslands and woodlands at the time of European settlement, rather than fire or other top-down 
processes (Beadle 1981; Kirkpatrick et al. 1995; Keith 2004). By contrast, since European settlement, 
a wide variety of disturbances (i.e. top-down processes) have enabled grasslands to expand at the 
expense of woodlands, including clearing, cropping and heavy grazing. 
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Alpine and sub-alpine areas 

In contrast to lowland grasslands, temperature controls boundaries of sub-alpine and alpine grasslands. 
Alpine grasslands occur above the climatic limit for tree growth. Globally tree-lines occur where the 
mean temperature in the growing season is 5.5–7.5°C (Körner and Paulsen 2004). In Australia, most 
tree-lines are between 1700 and 1950 m elevation (Moore and Williams 1976). Subalpine grasslands 
occur below the climatic limit for tree growth (mostly 1200–1650 m above sea level), where nocturnal 
cold air drainage creates intense frosts that kill tree seedlings (Moore and Williams 1976). Alpine tree-
lines are extremely stable over century time periods, and they do not appear to move after individual 
fires (Green 2009; Rumpff 2009), except where heavy grazing after fire kills regenerating seedlings 
(Wimbush and Forrester 1988). Again, bottom-up processes appear to control this major ecosystem 
boundary. 

 Although alpine tree-lines appear to be controlled by climatic constraints, fires may affect 
boundaries between alpine shrublands and grasslands (McDougall 2003). Figure 12.1a provides a 
conceptual model summarising hypothesised dynamics between alpine grasslands and shrublands, 
based on published literature. Shrub-grass dynamics are cyclic, with grasses replacing shrubs over 
time in the absence of major disturbance. Disturbances that create bare ground, including fire, trigger 
the cycle of shrub regeneration, followed by establishment of grasses beneath senescing shrubs 
(Williams and Ashton 1988; McDougall 2003). As shrubs become more dominant, they can promote 
larger fires because shrubs are more flammable than alpine grasses (Williams et al. 2006). Future 
studies assessing the effects of recent wildfires will greatly increase our understanding of fire 
dynamics in alpine shrublands and grasslands. 

Montane grassy balds 

Fire may also contribute to the maintenance of grassy balds in high rainfall (700–1800 mm), montane 
areas in eastern Australia (Ellis 1985; Fensham and Fairfax 1996; Stubbs 2001). These small grassland 
patches occur within mosaics of eucalypt forests and rainforests. It has been speculated that these 
grassland patches are ‘Pleistocene relicts’ that have been progressively invaded by forests over the 
past 10 000 years, except where frequent burning by Aborigines has prevented tree encroachment 
(Webb 1964; Fensham and Fairfax 1996). Alternatively, grassland patches may have been created 
more recently, by forest disturbances (e.g. fire, wind or frost) followed by repeated Aboriginal burning 
that prevented tree encroachment (Ellis 1985; Stubbs 2001; Fensham and Fairfax 1996; Fairfax et al. 
2009). Notably, grassy balds are largely restricted to mountain regions supporting fire-sensitive 
rainforests, and are absent from many other forest areas. This suggests that balds may represent a 
transitional state derived from fire-sensitive rainforests rather than from eucalypt forests (Ellis 1985).  

In contrast to other continents, we conclude that the distribution of extensive grasslands in southern 
Australia at the time of European settlement was primarily controlled by bottom-up, resource 
constraints, rather than fire (a top-down disturbance). Fire has been a conspicuous component of 
Australian ecosystems for at least 15 million years (Kershaw et al. 2002) and, during this period, the 
genus Eucalyptus has evolved a formidable array of characteristics that enable populations to dominate 
under a wide range of fire regimes (Gill 1997). Adaptations include a long (>200 year) lifespan, thick 
fire-resistant bark, epicormic buds, fire-resistant seed capsules and a basal lignotuber (Gill 1997; 
Burrows 2002). Consequently, tree-less grasslands appear to be largely restricted to environments that 
exceed the physiological tolerance of eucalypts. The most notable constraints are: (1) a combination of 
climate-edaphic and competitive interactions on heavy clay soils on lowland plains; and (2) low 
temperatures in alpine areas. 

Fire regimes and woodland structure 

Globally, rainfall and temperature are the principal determinants of maximum potential primary 
productivity in woodlands and forests (Sankaran et al. 2005). However, frequent fires and other 
disturbances can reduce woody plant cover and biomass below their climatic potential (Bond and 
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Keeley 2005; Sankaran et al. 2005). Consequently, many areas of the globe support vegetation that is 
more open than would be expected climatically (Bond and Keeley 2005).  

Much of the evidence for fire-induced constraints on the cover of woody plants has come from 
evidence of encroachment by woody plants following reductions in fire frequency. Woody plant 
encroachment has been widespread across the globe over the past 100–200 years (Scholes and Archer 
1997; Asner et al. 2004). The most commonly cited mechanism involves a reduction in fire intensity, 
frequency and size, which is caused by heavy grazing of grass fuels, usually by livestock. Lower fire 
occurrence, in turn, increases the establishment and longevity of woody plants, particularly of species 
unpalatable to livestock (Noble 1997; Scholes and Archer 1997; Asner et al. 2004). A number of 
positive feedback loops reinforce this process, including: (1) competitive suppression of grasses by 
woody plants, which further reduces fuel loads and fuel connectivity, and (2) increased seed 
production by larger populations of woody plants, which further promotes encroachment. Depending 
on the strength of positive feedback loops, alternative stable states may develop (e.g. dense shrubland 
cf. open grassy woodland), which cannot easily be reversed within management timeframes (Suding et 
al. 2004).  

Did pre-European fire regimes deplete woody plants below climatically and edaphically 
determined maxima in southern Australian woodlands? Unfortunately, this question is difficult to 
answer because there is little quantitative information on pre-European vegetation patterns (i.e. basal 
area and cover of woody plants) or pre-European disturbance regimes in grassy ecosystems. This 
uncertainty has promoted many popular debates about how woodland stand structures have changed 
since European settlement. In the following section, we describe observed changes in woody plant 
abundances in semi-arid and mesic woodlands, and how fire regimes may have contributed to these 
changes. 

Semi-arid woodlands 

Woodland stand structures in semi-arid woodlands at the time of European settlement are poorly 
described. In some semi-arid regions, such as the Great Western Woodlands of Western Australia, 
woodland understoreys appear to be naturally shrub-dominated (Hobbs 2002). In others, archival 
records document widespread recruitment by woody plants since European settlement, including 
Acacia, Callitris, Dodonaea, Eremophila and Senna species (Noble 1997). This has been particularly 
prominent on the Cobar-Byrock Pediplain of western New South Wales (Noble 1997). This process is 
widely interpreted by the global model of semi-arid encroachment by woody plants (Figure 12.1b). 
Thus, heavy grazing by livestock depleted the grass cover, which reduced competition against shrub 
seedlings and prevented landscape fires, leading to widespread, pulsed recruitment of woody plants 
(Hodgkinson and Harrington 1985; Noble 1997). Additionally, trees were ringbarked across large 
areas in the late 1800s and early 1900s, further reducing competition against encroaching shrub 
species (Noble 1997).  

Events surrounding periods of high rainfall appear critical in regulating this dynamic. Shrub 
recruitment is restricted to periods of high rainfall because seedlings require high levels of soil 
moisture in summer. Harrington (1991) estimated that there were only six opportunities for mass 
seedling recruitment during the previous century. On the other hand, high rainfall also promotes 
vigorous growth of grasses, which provides contiguous fuel for landscape fires. Large fires can only 
occur after wet years, when grass biomass is high (Hodgkinson and Harrington 1985). Consequently, 
potential control of shrubs using fire is restricted to intermittent ‘big grass’ years. However, dense 
shrubs can inhibit fire propagation (Harrington 1979) by restricting grass growth (Walker et al. 1972), 
although the magnitude of this effect is poorly quantified. Reduced flammability of dense shrub stands 
thus allows the development of ‘alternate stable states’, whereby positive feedback loops prevent 
encroached stands from returning to open, grass-dominated conditions (Suding et al. 2004).  

We note that shrub encroachment associated with fire suppression in semi-arid woodlands appears 
counter to that in alpine grasslands, where encroachment may be driven by increasing fire (Figure 
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12.1). This could be due to differing flammability of shrubs and grasses in the two ecosystems and 
differing spatial arrangements of fuels. In semi-arid woodlands, dense stands of shrubs, such as 
Callitris, Dodonaea and Eremophila species, are less flammable than grass swards (Harrington 1979; 
Cohn et al. 2011), so shrub encroachment reduces fire intensity and spread. By contrast, in the alps, 
shrub cover may be continuous and shrubs are more flammable than the grass swards, so encroaching 
shrubs increase potential fire frequency and spread (Williams et al. 2006). As well, the consequences 
of fire on shrub establishment may differ. Increasing bare ground after fire in alpine areas will promote 
shrubs, whereas in semi-arid woodlands, shrub establishment is limited to periods of high rainfall. 

Mesic woodlands 

A number of studies have documented the establishment of dense stands of trees and shrubs in recent 
decades in mesic woodlands (reviewed in Lunt et al. 2010). These examples of woody plant 
encroachment are thought to be caused by different processes than occur in rangeland areas. In mesic 
woodlands, dense recruitment of woody plants has often followed reductions in European 
disturbances, especially livestock grazing, as illustrated by the following scenario. Mesic eucalypt 
woodlands are assumed to have had a relatively open canopy and grassy understorey before European 
settlement. Most fragmented remnants have rarely been burnt since European settlement, owing to 
habitat fragmentation, fire suppression and heavy grazing by livestock (Lunt and Bennett 2000; 
Parsons and Gosper 2011). In contrast to semi-arid woodlands, heavy (often continual) livestock 
grazing in mesic woodlands prevented, rather than promoted, recruitment of woody species (Fischer et 
al. 2009). Dense recruitment of woody plants has often occurred where livestock (and other human 
disturbances) have been removed from mesic woodlands, and fires have remained infrequent. For 
example, Franco and Morgan (2007) reported that the understorey shrub Acacia paradoxa increased 
from 8% to 42% cover between 1972 and 2002 in a mesic woodland in southern Victoria, following 
the removal of livestock grazing and regular soil disturbance. This process is more akin to 
successional models in the ‘land abandonment’ or ’old-field’ literature (Cramer and Hobbs 2007) than 
to the semi-arid model of woody plant encroachment (Figure 12.1b). 

Unfortunately, few studies have compared stand basal area between pre-settlement and current time 
periods in mesic woodlands. Without this information, we cannot make inferences about the degree to 
which fire regimes (or other processes) constrained tree stocking levels in pre-settlement woodlands 
below climatic and edaphic limits. Comparisons of tree density between current and pre-settlement 
periods are not particularly informative, because a dense stand of small trees may thin slowly to form 
an open stand dominated by fewer, large trees, as may have existed at the time of European settlement. 
Lunt et al. (2006) compared basal area between pre- and post-settlement periods in Eucalyptus–
Callitris woodlands at the overlap zone between semi-arid and mesic woodlands in central New South 
Wales. Stand basal area increased by 46% over the period, from 10.7 to 15.6 m2 ha–1. Some of this 
increase may be due to an under-estimation of original tree densities (due to decomposition of 
stumps). However, the results suggest that there has been a substantial increase in basal area following 
Callitris establishment, consistent with the semi-arid encroachment model. Unfortunately, no 
comparable studies have been conducted in mesic woodlands that receive higher rainfall. 

A notable feature of the woody plant literature from mesic woodlands is the lack of studies that 
have experimentally manipulated fire regimes. Indeed we are aware of only two studies that used 
‘natural experiments’ (and none that used planned experiments) to compare woody plant densities 
across areas with different fire histories (Kirkpatrick 2004; Watson et al. 2009). Watson et al. (2009) 
found that the native shrub Bursaria spinosa was more abundant in rarely burnt woodlands than in 
woodlands that had been burnt every 10 years or more frequently. Additionally, little information is 
available on the successional dynamics of many woody plants, which hinders predictions of long-term 
dynamics in encroaching mesic woodlands. 

To summarise, there is good evidence that historical changes to fire regimes, in combination with 
intensive grazing, caused substantial changes to the stand structure of many semi-arid woodlands. 
These structural changes and driving mechanisms are consistent with the global literature on woody 
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plant encroachment in semi-arid areas (Figure 12.1b). By contrast, there is little compelling evidence 
that historical changes to fire regimes caused substantial changes to the structure of most mesic 
woodlands, perhaps because other concurrent disturbances, such as heavy grazing by livestock, also 
affected stand dynamics. In the absence of robust, natural or planned experiments, the impacts of 
current fire regimes on woody cover in mesic woodlands remain highly speculative. 

Fire effects on grassy ground vegetation 

In this section, we focus on the herbaceous vegetation, dominated by grasses and forbs, that occurs in 
grasslands and in the understorey of grassy woodlands. In highly productive sites, grasses can produce 
abundant plant material that, when dry, provides a readily combustible fuel. Consequently, rates of 
grass production strongly influence potential fire regimes. In addition to fuelling fires, accumulated 
plant material (live and dead) regulates many ecosystem functions, including nutrient cycling, 
population dynamics, plant diversity and animal habitat (Knapp and Seastedt 1986). Consequently, 
fire regimes can indirectly influence the function, structure and composition of grassy ecosystems by 
altering herbaceous biomass (Figure 12.2a; Knapp and Seastedt 1986). 

Rates of biomass accumulation are dictated by the rates of primary production and decomposition, 
both of which are regulated by climate and, at smaller scales, by soil fertility (Lauenroth and Sala 
1992; Aerts 1997). As a result, productivity gradients controlled by climatic and edaphic factors 
regulate: (1) potential fire regimes (by controlling fuel levels); (2) the degree to which fire is important 
for maintaining plant diversity and ecosystem function; and (3) the resilience of grassy ecosystems to 
fire (by influencing recovery rates and functional composition). This interplay between productivity, 
accumulated biomass and fire means that variations in fire regimes may have more substantial impacts 
in high-productivity grasslands than in low-productivity grasslands. In high-productivity grasslands, 
different fire regimes can lead to large variations in biomass and ecosystem processes. By contrast, in 
low-productivity grasslands, biomass accumulates more slowly and has less impact on ground flora. 
Additionally, the slow rate of biomass accumulation in low-productivity grasslands reduces fire 
frequency and intensity, so variations in fire regimes may have less impact than in high-productivity 
grasslands. By contrast, slow recovery rates may reduce the resilience of low-productivity grasslands 
to frequent fires or other disturbances. 

In the following section we ask how fire regimes affect the structure, function and diversity of the 
herbaceous understorey in southern grassy ecosystems. We compare the responses of ecosystems of 
low and high productivity, and summarise our conclusions in Figure 12.2. We restrict this review to 
lowland ecosystems, given the paucity of fire research in alpine grasslands in Australia. 

Rates of biomass accumulation 

Surprisingly few studies have compared rates of productivity or biomass accumulation across natural 
grassy ecosystems in southern Australia. An exception is Schultz et al. (2011), who compared long-
term biomass accumulation in undisturbed (ungrazed and unburnt) grassy ecosystems across Victoria. 
Biomass varied more than 30-fold among sites: from 28 g m–2 to 944 g m–2. It accumulated fastest on 
fertile soils in high rainfall areas, and was lower than otherwise expected beneath trees. Dead grass 
litter accumulates rapidly in mesic Themeda grasslands (Morgan and Lunt 1999; Prober et al. 2007), 
but does not accumulate over long periods in drier grasslands; instead, it appears to decay (or blow 
away) relatively quickly. For example, Conway (2000) found that litter cover declined from over 50% 
to less than 10% in a single year during drought in northern Victoria. Despite lower soil moisture, 
decomposition can be rapid in semi-arid grasslands owing to abiotic processes and photochemical 
degradation by UV light (Vanderbilt et al. 2008). 

Fires, biomass and ecosystem functioning 

As elsewhere across the globe, accumulated vegetation greatly affects ecosystem processes in grassy 
ecosystems of high productivity in southern Australia. Rates of soil biological activity, decomposition 
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and soil turnover by invertebrates are faster in dense, undisturbed Themeda swards than in frequently 
burnt swards, possibly because of greater soil moisture beneath the former (Prober et al. 2008; 
O’Bryan et al. 2009). Consequently, soils beneath closed swards may be less compacted and have 
faster infiltration rates than those beneath open swards (Prober et al. 2008). On the other hand, closed 
swards reduce the amount of sunlight that reaches the soil surface, reducing soil temperatures (Lunt 
1995). Rates of seed germination, seedling establishment, emergence from subterranean organs, plant 
growth, flowering and seed production by many species can also be lower in closed swards (reviewed 
in Lunt and Morgan 2002). Accumulated litter also affects growth of dominant grasses. In highly 
productive, undisturbed grasslands, Themeda swards can suffer widespread senescence (with up to 
75% mortality of tussocks) as live tissues are ‘smothered out’ by dense litter (Morgan and Lunt 1999).  

Although fire regulates biomass, biomass is also likely to regulate fire frequency and intensity in 
intact (i.e. non-fragmented) grassy ecosystems (Figure 12.2). Compared with other ecosystems, fire 
intensities in remnant Themeda grasslands are usually low (99–1147 kW m–1) owing to benign 
weather conditions at the time of prescribed burning (Morgan 1999). By contrast, fire intensities in 
northern Australia savannas can reach 18 000 kW m–1 (Williams et al. 1998). Surface soils reach high 
temperatures for short periods during fires (350–525oC for <5 minutes), but deeper soils are minimally 
affected (<10oC increase at 10 cm depth: Morgan 1999; Bennett et al. 2002). Consequently, fires may 
kill surface tissues, shallow buds and seeds, but not deeper roots or rootstocks.  

The effects of fires on soil chemical properties are poorly documented in southern grassy 
ecosystems, but appear to be minor. Experimental fires in a mesic Themeda grassland marginally 
increased levels of soil ammonium, nitrate and available phosphorus at 1–2 years after burning, but 
repeated low-intensity fires had no impacts on total nitrogen or carbon after 12 years (Prober et al. 
2008). Even at the opposite extreme of the productivity gradient (in a semi-arid, sub-tropical Themeda 
grassland), single fires had negligible effects on soil chemical properties immediately after burning, 
including total nitrogen and phosphorus (Bennett et al. 2002). On the other hand, high frequency fires 
(every 1–2 years) can expose bare soils to the elements, which promotes soil crusting and compaction, 
and reduces water infiltration, soil biological activity and consequent grassland productivity (Prober et 
al. 2008). These changes are driven by insolation between fires, rather than fire per se, and are likely 
to result from any disturbances that create open bare soils (e.g. heavy grazing).  

Fire effects on microphytic crusts, which can reduce soil erosion, vary across the productivity 
gradient. In a semi-arid woodland, fire greatly reduced cryptogam cover (predominantly lichens), 
which took 4 years to return to pre-fire levels (Greene et al. 1990). By contrast, cryptogams in mesic 
grasslands recover rapidly after fires, and cover may rapidly exceed levels in undisturbed areas due to 
reduced competition from dominant grasses (Ferguson et al. 2009; O’Bryan et al. 2009). Thus, 
Morgan (2006) reported that bryophytes attained over 80% cover 3 months after burning, and 
Ferguson et al. (2009) found that bryophyte cover 3 months after a low-intensity fire was twice that in 
unburnt plots. Thus, frequent fires appear to have little impact on soils and long-term productivity in 
mesic grassy ecosystems, except under the highest frequencies (1–2 years) where – in some areas at 
least – soil productivity declines owing to prolonged soil exposure to sunlight and rainfall (Prober et 
al. 2008).  

Functional composition of herbaceous species 

Fire regimes may also alter ecosystem functioning by influencing the abundance of species with 
different functional traits (e.g. C4 versus C3 grasses, annuals versus perennials). In mesic ecosystems 
co-dominated by C4 Themeda and C3 Poa species, dominance ratios are strongly dependent on fire 
frequency, with the C4 Themeda increasing under more frequent fires and C3 Poa increasing in the 
absence of fire. These, in turn, influence resilience to repeated fire, with lower resilience in Poa-
dominated ecosystems (Prober et al. 2007). The impacts of these shifts on other ecosystem functions, 
such as biomass accumulation and subsidiary plant diversity, require further investigation. 
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Fire can also promote exotic C3 annuals. In intact Themeda grasslands, exotic annuals are generally 
sparse owing to low levels of phosphorus and available nitrogen (Morgan 1998; Prober et al. 2002). 
Fires may temporarily promote exotic annuals, but do not promote a large increase in their biomass 
because exotics remain constrained by low nutrient levels (Prober et al. 2008). In degraded 
ecosystems, where exotic annuals are more persistent, fire can be used to manipulate weed seed banks 
and establishment conditions, to favour re-establishment of native grasses. In particular, burning in 
spring, before exotics set seed, can reduce the abundance of exotic annual grasses in subsequent years 
by destroying seeds held in the plant canopy (Prober et al. 2004). Interestingly, Henderson (1999) 
found that annual burning in autumn also reduced the cover of exotic annuals, compared with triennial 
autumn burning. The mechanism by which this reduction occurred is unknown. Fire-induced 
reductions in exotic annuals are usually temporary unless perennial species achieve dominance.  

Diversity of herbaceous species 

Fires and other disturbances are expected to have contrasting impacts on plant diversity at opposite 
ends of the productivity gradient (Huston 1979, 2004). In highly productive environments, large 
dominant species (usually grasses) can monopolise resources and competitively exclude smaller 
species. Disturbances can promote plant density and diversity by constraining potentially dominant 
species, unless disturbances occur too frequently for species to withstand. The intermediate 
disturbance hypothesis predicts that species density will be low at extremely high and low disturbance 
intensities or frequencies, and high at ‘intermediate’ levels (Grime 1973). By contrast, competitive 
exclusion is less critical in low-productivity systems, because low resource levels restrict the growth 
of all species, including potential dominants. Huston (1979, 2004) predicted that ‘mortality-causing 
disturbances’ would promote diversity in high-productivity systems by preventing competitive 
exclusion by dominant species, but would reduce diversity in low-productivity systems by increasing 
the mortality of slow-growing species. This prediction has been supported by experiments and meta-
analyses of data from marine, freshwater, and terrestrial ecosystems (Hillebrand et al. 2007). 

Data are inadequate to test these predictions in grassy ecosystems in southern Australia, but 
inferences can be made from a number of observational studies and experiments. It has long been 
recognised that frequent fires can maintain native plant diversity in mesic Themeda grasslands by 
reducing shoot competition (Stuwe and Parsons 1977; Lunt and Morgan 2002). In a 3-year experiment 
in a mesic grassy woodland, Robertson (1985) found that small-scale richness of plant species 
increased with increasing fire frequency, and did not decline under the highest fire frequency possible 
(annual burning). Instead, annual burning consistently maintained lower biomass and slightly higher 
species richness than biennial burning or unburnt controls. Morgan (1999) concluded that burning was 
unlikely to lead to a decline in species richness or density in Themeda grasslands that were burnt 
annually because most perennials avoided summer fires by being dormant at the time of burning; thus, 
annual fires do not necessarily constitute a ‘mortality-causing disturbance’ sensu Huston (1979, 2004). 
Similarly, O’Bryan et al. (2009) found that burning every 2 years led to an increase in cryptogam 
diversity compared with lower fire frequencies.  

Unpublished data from a recent 11-year fire experiment, however, suggests that fire impacts on 
diversity may vary according to longer term fire history and/or functional composition of the dominant 
grasses. In a Themeda-dominated site that was historically burnt every 4–8 years, fire exclusion for 
12 years led to a decline in native species richness and forb abundance. By contrast, in a nearby Poa-
dominated site that had remained unburnt for over 60 years, native forb abundance remained high 
when unburnt, but declined when burnt every 2 years (Prober and Thiele pers. comm.).  

From this, we conclude that fire regimes maintain or increase plant diversity in highly productive 
Themeda grasslands, even under very frequent burning (every 1–2 years). Although some fire-
sensitive species may have been eliminated long ago, repeat surveys of sites that were frequently burnt 
during the 20th century show that extinction rates have been greatest where fire frequencies have 
declined in recent decades (Williams et al. 2006).  
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Unfortunately, little information is available from low-productivity grasslands dominated by 
species other than Themeda and Poa. In a 3-year study, Foreman (1996) compared the effects of a 
single fire (in year 1) against annual burning (in years 1–3) on the richness of native and exotic species 
in low-productivity Austrodanthonia grasslands. Both fire regimes reduced richness of exotic (but not 
native) species compared with undisturbed controls, but there was no significant difference between 
the two burning treatments. Thus, consistent with theory, burning did not promote plant richness in 
this low-productivity grassland, presumably because fires did not greatly alter the cover of dominant 
grasses (Austrodanthonia spp.), which had relatively low biomass before burning. Potential adverse 
effects of frequent burning on low-productivity grasslands are poorly documented, but frequent fires 
may lead to a decline in resource levels due to slow rates of post-fire recovery (Greene et al. 1990; 
Prober et al. 2008). 

To summarise, Australian grasslands appear to operate like grasslands elsewhere in the world. 
Productivity is controlled by climate and soil fertility. Fires predominantly affect grassland 
functioning by consuming biomass, and thereby altering the availability of resources and competitive 
interactions (Figure 12.2). Although data are meagre (especially for low-productivity grasslands), 
grassland fires appear to have little direct impact on soil chemistry, and physical changes to soils 
induced by different fire regimes seem to be largely mediated by insolation between fires. In highly 
productive grasslands, plant abundances can decline in the absence of fire (or other disturbances); 
declines in plant diversity are widely assumed, but are poorly documented. In contrast to expectations 
under the intermediate disturbance hypothesis, plant diversity does not appear to always decline under 
very high fire frequencies, perhaps because fire-induced mortality is low. In less-productive 
environments, the resilience of grasslands to fire and the effects of fire on diversity are poorly 
understood.  

Fire and climate change 

Climate change is likely to affect all aspects of grassy ecosystems in southern Australia, both directly 
and indirectly via a multitude of interacting and cascading ecosystem processes (Dunlop and Brown 
2008; Williams et al. 2009). Climate change will alter fire regimes, which will cause vegetation 
changes, which, in turn, will lead to further changes in fire regimes. Although considerable uncertainty 
surrounds future climate predictions – especially rainfall – higher temperatures, lower mean annual 
rainfall and changing rainfall seasonality are expected (CSIRO 2007; IPCC 2007). Climate change is 
likely to increase the frequency of severe fire weather in many regions (Lucas et al. 2007), but will 
also influence the distribution of fuels through its influence on vegetation structure and productivity. 
The net result is difficult to predict. Where rates of biomass production decline, fire intensity (and 
perhaps frequency) may decline, despite more frequent, severe weather events (Bradstock 2010). 
However, in agricultural and urban regions, where fires are rare and rapidly suppressed, changes in 
fire weather and fuel loads may not affect ultimate fire regimes. 

Grassland–woodland boundaries 

Because most grassland–woodland boundaries appear to be controlled by climatic and edaphic factors, 
climate change is likely to affect grassland–woodland boundaries directly. Increasing temperatures 
may promote expansion of trees into alpine grasslands and sub-alpine ‘frost hollow’ grasslands (e.g. 
Wearne and Morgan 2001), and reduced waterlogging might enable trees to establish in some lowland 
grasslands. Likely fire-mediated changes are more difficult to predict. Hotter, drier conditions could 
promote more frequent alpine fires, enabling shrublands to expand into alpine grasslands (Williams et 
al. 2006). As well, fire may hasten expansion of grasslands into woodland areas if soil moisture 
deficits are sufficient to cause extensive tree dieback, especially in semi-arid woodlands (Fensham et 
al. 2009). However, in fragmented grasslands in lowland areas and grassy balds in high-rainfall areas, 
where fire regimes are actively controlled by people, woodland-grassland boundaries may not be 
greatly affected by climate-driven changes to fire regimes.  
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Woodland structure 

Climate change will affect woodland structure in complex ways. A number of processes are expected 
to promote shrubs. Rising CO2 may directly favour C3 woody species above herbaceous species (Bond 
and Midgley 2000; Hovenden and Williams 2010). This, in turn, will affect fire regimes, depending on 
the relative flammability of dominant shrubs and grasses, potentially promoting shrubs in alpine and 
semi-arid ecosystems via the various pathways shown in Figure 12.1. In montane and sub-alpine 
woodlands, higher temperatures may enable more frequent fires by reducing fuel moisture content 
(Bradstock 2010), further promoting shrub invasion into alpine grasslands (McDougall 2003).  

On the other hand, some processes could limit CO2-induced shrub encroachment. In drier regions, 
establishment and growth of woody species may be hindered by the severity of hot, dry conditions 
(Vesk and Dorrough 2006; Fensham et al. 2009). Further, in regions with a Mediterranean climate, 
some climate scenarios suggest an increase in summer rainfall, despite an overall decline in rainfall 
(CSIRO 2007). This could promote intermittent growth of warm-season grasses, leading to a build-up 
of ground fuels, which may lead to an increase in fire frequency. This scenario is considered a serious 
threat to the shrubby Great Western Woodlands in semi-arid Western Australia, where many 
overstorey trees are fire-sensitive. 

Grassy ground vegetation 

Climate change is also likely to affect the balance between productivity, disturbance and diversity in 
grasslands and woodland understoreys. Drier conditions are likely to slow the rate of biomass 
accumulation, which may lead to a lower propensity for fire, less need for fire to maintain the diversity 
of ground plants, and perhaps a lower resilience to repeated fires. Increasing concurrence of fire and 
moisture stress may also lead to more frequent failure of seedling recruitment of forbs and grasses, and 
increased plant mortality (Prober et al. 2007; Hovenden et al. 2008). 

In contrast to changes in lowland ecosystems, higher temperatures in alpine areas may lengthen the 
growing period and promote increased grass dominance and productivity in the absence of fire, 
especially in habitats with relatively short growing seasons such as snow-patch herblands (Edmonds et 
al. 2006). This could lead to a decline in plant diversity at patch and landscape scales (i.e. a decline in 
alpha and beta diversity). 

Conclusion 

In this chapter, we have highlighted the role of fire in regulating grassland–woodland boundaries, 
woodland structure, and grassland function and diversity in southern Australia. From the limited data 
available, Australian grassy ecosystems generally operate like grassy ecosystems elsewhere in the 
world. Apparent exceptions include the relatively small influence of fire on grassland–woodland 
boundaries, and the potential for plant diversity to be maintained under very high fire frequencies in 
highly productive grasslands. However, our confidence in these conclusions is tempered by the 
paucity of experimental studies in many grassy ecosystems in southern Australia, especially studies 
stratified across climate-regulated productivity gradients. Such studies would also provide a far 
stronger basis from which to predict impacts of climate change on southern grassy ecosystems. This 
need is especially critical in fragmented grassy ecosystems that are currently subjected to numerous 
ecosystem stresses. 

References 

Aerts R (1997) Climate, leaf litter chemistry and leaf litter decomposition in terrestrial ecosystems: a 
triangular relationship. Oikos 79, 439–449.  

Asner GP, Elmore AJ, Olander LP, Martin RE and Harris AT (2004) Grazing systems, ecosystem 
responses, and global change. Annual Review of Environment and Resources 29, 261–299.  



page  12 

Backéus I (1992) Distribution and vegetation dynamics of humid savannas in Africa and Asia. Journal 
of Vegetation Science 3, 345–356.  

Beadle NCW (1981) The Vegetation of Australia. Cambridge University Press, Cambridge, UK. 

Bennett LT, Judd TS and Adams MA (2002) Growth and nutrient content of perennial grasslands 
following burning in semi-arid, sub-tropical Australia. Plant Ecology 164, 185–199.  

Bond WJ (2008) What limits trees in C-4 grasslands and savannas? Annual Review of Ecology 
Evolution and Systematics 39, 641–659.  

Bond WJ and Keeley JE (2005) Fire as a global ‘herbivore’: the ecology and evolution of flammable 
ecosystems. Trends in Ecology & Evolution 20, 387–394.  

Bond WJ and Midgley GF (2000) A proposed CO2-controlled mechanism of woody plant invasion in 
grasslands and savannas. Global Change Biology 6, 865–869.  

Bradstock RA (2010) A biogeographic model of fire regimes in Australia: current and future 
implications. Global Ecology and Biogeography 19, 145–158.  

Burrows GE (2002) Epicormic strand structure in Angophora, Eucalyptus and Lophostemon 
(Myrtaceae): implications for fire resistance and recovery. New Phytologist 153, 111–131.  

Cohn JS, Lunt ID, Ross KA and Bradstock RA (2011) How do slow-growing, fire-sensitive conifers 
survive in flammable eucalypt woodlands? Journal of Vegetation Science, in press.  

Conway M (2000) The effects of grazing exclusion on a long-grazed species-rich Riverina grassland. 
BAppSci (Hons) thesis. Charles Sturt University, Albury. 

Cramer VA and Hobbs RJ (2007) Old Fields: Dynamics and Restoration of Abandoned Farmland. 
Island Press, Washington. 

CSIRO (2007) ‘Climate change in Australia: technical report 2007’. CSIRO, Melbourne. 

DEWR (Department of Environment and Water Resources) (2007) ‘Australia’s native vegetation: a 
summary of Australia’s major vegetation groups, 2007’. Australian Government, Canberra.  

Dunlop M and Brown PR (2008) ‘Implications of climate change for Australia’s National Reserve 
System: a preliminary assessment’. Department of Climate Change, Canberra.  

Edmonds T, Lunt ID, Roshier DA and Louis J (2006) Annual variation in the distribution of summer 
snowdrifts in the Kosciuszko alpine area, Australia, and its effect on the composition and structure 
of alpine vegetation. Austral Ecology 31, 837–848.  

Ellis RC (1985) The relationships among eucalypt forest, grassland and rainforest in a highland area in 
north-eastern Tasmania. Australian Journal of Ecology 10, 297–314.  

Fairfax R, Fensham R, Butler D, Quinn K, Sigley B and Holman J (2009) Effects of multiple fires on 
tree invasion in montane grasslands. Landscape Ecology 24, 1363–1373.  

Fensham RJ and Fairfax RJ (1996) The disappearing grassy balds of the Bunya Mountains, south-
eastern Queensland. Australian Journal of Botany 44, 543–558.  

Fensham RJ and Fairfax RJ (1997) The use of the land survey record to reconstruct pre-European 
vegetation patterns in the Darling Downs, Queensland, Australia. Journal of Biogeography 24, 827–
836.  

Fensham RJ, Fairfax RJ and Ward DP (2009) Drought-induced tree death in savanna. Global Change 
Biology 15, 380–387.  

Ferguson AV, Pharo EJ, Kirkpatrick JB and Marsden-Smedley JB (2009) The early effects of fire and 
grazing on bryophytes and lichens in tussock grassland and hummock sedgeland in north-eastern 
Tasmania. Australian Journal of Botany 57, 556–561.  



page  13 

Fischer J, Stott J, Zerger A, Warren G, Sherren K and Forrester RI (2009) Reversing a tree 
regeneration crisis in an endangered ecoregion. Proceedings of the National Academy of Sciences of 
the United States of America 106, 10386–10391.  

Foreman PW (1996) Ecology of native grasslands of Victoria’s northern Riverine Plain. M.Sc. thesis. 
La Trobe University, Melbourne.  

Franco JA and Morgan JW (2007) Using historical records, aerial photography and dendroecological 
methods to determine vegetation changes in a grassy woodland since European settlement. 
Australian Journal of Botany 55, 1–9.  

Gill AM (1997) Eucalypts and fires: interdependent or independent? In Eucalypt Ecology: Individuals 
to Ecosystems. (Eds J Williams and J Woinarski) pp. 151–167. Cambridge University Press, 
Cambridge, UK. 

Green K (2009) Causes of stability in the alpine treeline in the Snowy Mountains of Australia – a 
natural experiment. Australian Journal of Botany 57, 171–179.  

Greene RSB, Chartres CJ and Hodgkinson KC (1990) The effects of fire on the soil in a degraded 
semi-arid woodland. I. Cryptogam cover and physical and micromorphological properties. 
Australian Journal of Soil Research 28, 755–777.  

Grime JP (1973) Competitive exclusion in herbaceous vegetation. Nature 242, 344–347.  

Groves RH and Williams OB (1981) Natural grasslands. In Australian Vegetation. (Ed. RH Groves) 
pp. 293–316. Cambridge University Press, Cambridge, UK. 

Harrington G (1979) The effects of feral goats and sheep on the shrub populations in a semi-arid 
woodland. The Rangeland Journal 1, 334–345.  

Harrington GN (1991) Effects of soil-moisture on shrub seedling survival in a semiarid grassland. 
Ecology 72, 1138–1149.  

Henderson M (1999) How do urban grasslands respond to fire and slashing? Effects on gaps and 
weediness. In Down to Grass Roots: Proceedings of a Conference on the Management of Grassy 
Ecosystems. (Eds V Craigie and C Hocking) pp. 38–43. Department of Conservation and Natural 
Resources and Parks Victoria, Melbourne.  

Hillebrand H, Gruner DS, Borer ET, Bracken MES, Cleland EE, Elser JJ, et al. (2007) Consumer 
versus resource control of producer diversity depends on ecosystem type and producer community 
structure. Proceedings of the National Academy of Sciences of the United States of America 104, 
10904–10909.  

Hobbs R (2002) Fire regimes and their effects in Australian temperate woodlands. In Flammable 
Australia: The Fire Regimes and Biodiversity of a Continent. (Eds R Bradstock, J Williams and AM 
Gill) pp. 305–326. Cambridge University Press, Cambridge, UK. 

Hodgkinson KC and Harrington GN (1985) The case for prescribed burning to control shrubs in 
eastern semi-arid woodlands. Australian Rangeland Journal 7, 64–74.  

Hovenden MJ and Williams AL (2010) The impacts of rising CO2 concentrations on Australian 
terrestrial species and ecosystems. Austral Ecology 35, 665–684.  

Hovenden MJ, Newton PCD, Wills KE, Janes JK, Williams AL, Vander Schoor JK and Nolan MJ 
(2008) Influence of warming on soil water potential controls seedling mortality in perennial but not 
annual species in a temperate grassland. New Phytologist 180, 143–152.  

Huston M (1979) A general hypothesis of species diversity. American Naturalist 113, 81–101.  

Huston MA (2004) Management strategies for plant invasions: manipulating productivity, disturbance, 
and competition. Diversity and Distributions 10, 167–178.  

IPCC (Intergovernmental Panel on Climate Change) (2007) Climate Change 2007: Synthesis Report. 
Intergovernmental Panel on Climate Change, Geneva.  



page  14 

Keith D (2004) Ocean Shores to Desert Dunes. The Native Vegetation of New South Wales and the 
ACT. Department Environment and Conservation, Hurstville.  

Kershaw AP, Clark JS, Gill AM and D’Costa DM (2002) A history of fire in Australia. In Flammable 
Australia: The Fire Regimes and Biodiversity of a Continent. (Eds R Bradstock, J Williams and AM 
Gill) pp. 3–25. Cambridge University Press, Cambridge, UK.  

Kirkpatrick J, McDougall K and Hyde M (1995) Australia's Most Threatened Ecosystems: The 
Southeastern Lowland Native Grasslands. Surrey Beatty and Sons, Chipping Norton, NSW.  

Kirkpatrick JB (2004) Vegetation change in an urban grassy woodland 1974–2000. Australian Journal 
of Botany 52, 597–608.  

Knapp AK and Seastedt TR (1986) Detritus accumulation limits productivity of tallgrass prairie. 
Bioscience 36, 662–668.  

Körner C and Paulsen J (2004) A world-wide study of high altitude treeline temperatures. Journal of 
Biogeography 31, 713–732.  

Lauenroth WK and Sala OE (1992) Long-term forage production on North American shortgrass 
steppe. Ecological Applications 2, 397–403.  

Lucas C, Hennessy K, Mills G and Bathols J (2007) Bushfire Weather in Southeast Australia: Recent 
Trends and Projected Climate Change Impacts. Bushfire CRC and Australian Bureau of 
Meteorology, Melbourne.  

Lunt ID (1995) Seed longevity of six native forbs in a closed Themeda triandra grassland. Australian 
Journal of Botany 43, 439–449.  

Lunt ID (1997) The distribution and environmental relationships of native grasslands on the lowland 
Gippsland Plain, Victoria: an historical study. Australian Geographical Studies 35, 140–152. 

Lunt I and Bennett AF (2000) Temperate woodlands in Victoria: distribution, composition and 
conservation. In Temperate Eucalypt Woodlands in Australia: Biology, Conservation, Management 
and Restoration. (Eds RJ Hobbs and CJ Yates) pp. 17–31. Surrey Beatty and Sons, Chipping 
Norton, NSW. 

Lunt ID and Morgan JW (2002) The role of fire regimes in temperate lowland grasslands of south-
eastern Australia. In Flammable Australia: The Fire Regimes and Biodiversity of a Continent. (Eds 
R Bradstock, J Williams and AM Gill) pp. 177–196. Cambridge University Press, Cambridge, UK. 

Lunt ID, Jones N, Spooner PG and Petrow M (2006) Effects of European colonization on indigenous 
ecosystems: post-settlement changes in tree stand structures in Eucalyptus-Callitris woodlands in 
central New South Wales, Australia. Journal of Biogeography 33, 1102–1115.  

Lunt ID, Winsemius LM, McDonald SP, Morgan JW and Dehaan RL (2010) How widespread is 
woody plant encroachment in temperate Australia? Changes in woody vegetation cover in lowland 
woodland and coastal ecosystems in Victoria from 1989 to 2005. Journal of Biogeography 37, 722–
732.  

McDougall KL (2003) Aerial photographic interpretation of vegetation changes on the Bogong High 
Plains, Victoria, between 1936 and 1980. Australian Journal of Botany 51, 251–256.  

McIvor JG and McIntyre S (2002) Understanding grassy woodland ecosystems. In Managing and 
Conserving Grassy Woodlands. (Eds S McIntyre, JG McIvor and KM Heard) pp. 1–23. CSIRO 
Publishing, Melbourne. 

Moore RM and Williams JD (1976) A study of a subalpine woodland-grassland boundary. Australian 
Journal of Ecology 1, 145–153.  

Morcom LA and Westbrooke ME (1998) The pre-settlement vegetation of the western and central 
Wimmera Plains of Victoria, Australia. Australian Geographical Studies 36, 273–288.  



page  15 

Morgan JW (1998) Patterns of invasion of an urban remnant of a species-rich grassland in 
southeastern Australia by non-native plant species. Journal of Vegetation Science 9, 181–190.  

Morgan JW (1999) Defining grassland fire events and the response of perennial plants to annual fire in 
temperate grasslands of south-eastern Australia. Plant Ecology 144, 127–144.  

Morgan JW (2006) Bryophyte mats inhibit germination of non-native species in burnt temperate 
native grassland remnants. Biological Invasions 8, 159–168.  

Morgan JW and Lunt ID (1999) Effects of time-since-fire on the tussock dynamics of a dominant 
grass (Themeda triandra) in a temperate Australian grassland. Biological Conservation 88, 379–
386.  

Noble JC (1997) The Delicate and Noxious Scrub: CSIRO Studies on Native Tree and Shrub 
Proliferation in the Semi-Arid Woodlands of Eastern Australia. CSIRO, Canberra.  

O'Bryan KE, Prober SM, Lunt ID and Eldridge DJ (2009) Frequent fire promotes diversity and cover 
of biological soil crusts in a derived temperate grassland. Oecologia 159, 827–838.  

O’Connor MH (2001) The historical ecology of the Greenough Flats, Western Australia. PhD thesis. 
Curtin University of Technology, Perth. 

Parsons BC and Gosper CR (2011) Contemporary fire regimes in a fragmented and an unfragmented 
landscape: implications for vegetation structure and persistence of the fire-sensitive malleefowl. 
International Journal of Wildland Fire 20, 184-194. 

Prober SM, Thiele KR and Lunt ID (2002) Identifying ecological barriers to restoration in temperate 
grassy woodlands: soil changes associated with different degradation states. Australian Journal of 
Botany 50, 699–712.  

Prober SM, Thiele KR and Koen TB (2004) Spring burns control exotic annual grasses in a temperate 
grassy woodland. Ecological Management and Restoration 5, 131–134.  

Prober SM, Thiele KR and Lunt ID (2007) Fire frequency regulates tussock grass composition, 
structure and resilience in endangered temperate woodlands. Austral Ecology 32, 808–824.  

Prober SM, Lunt ID and Thiele KR (2008) Effects of fire frequency and mowing on a temperate, 
derived grassland soil in south-eastern Australia. International Journal of Wildland Fire 17, 586–
594.  

Robertson D (1985) Interrelationships between kangaroos, fire and vegetation dynamics at Gellibrand 
Hill Park, Victoria. PhD thesis. University of Melbourne, Melbourne. 

Rumpff L (2009) The influence of climate and disturbance on alpine tree-line dynamics in the 
Victorian alps, Australia. PhD thesis. University of Melbourne, Melbourne. 

Sankaran M, Hanan NP, Scholes RJ, Ratnam J, Augustine DJ, Cade BS, et al. (2005) Determinants of 
woody cover in African savannas. Nature 438, 846–849.  

Sauer CO (1950) Grassland climax, fire, and man. Journal of Range Management 3, 16–21.  

Scholes RJ and Archer SR (1997) Tree-grass interactions in savannas. Annual Review of Ecology and 
Systematics 28, 517–544.  

Schultz NL, Morgan JW and Lunt ID (2011) Effects of grazing exclusion on plant species richness 
and phytomass accumulation vary across a regional productivity gradient. Journal of Vegetation 
Science 22, 130–142.  

Stubbs B (2001) The ‘grasses’ of the Big Scrub District, North-eastern New South Wales: their recent 
history, spatial distribution and origins. Australian Geographer 32, 295–319.  

Stuwe J and Parsons RF (1977) Themeda australis grasslands on the Basalt Plains, Victoria: floristics 
and management effects. Australian Journal of Ecology 2, 467–476.  



page  16 

Suding KN, Gross KL and Houseman GR (2004) Alternative states and positive feedbacks in 
restoration ecology. Trends in Ecology & Evolution 19, 46–53.  

Vanderbilt KL, White CS, Hopkins O and Craig JA (2008) Aboveground decomposition in arid 
environments: results of a long-term study in central New Mexico. Journal of Arid Environments 
72, 696–709.  

Vesk PA and Dorrough JW (2006) Getting trees on farms the easy way? Lessons from a model of 
eucalypt regeneration on pastures. Australian Journal of Botany 54, 509–519.  

Walker J, Moore RM and Robertson JA (1972) Herbage response to tree and shrub thinning in 
Eucalyptus populnea shrub woodlands. Australian Journal of Agricultural Research 23, 405–410.  

Watson PJ, Bradstock RA and Morris C (2009) Fire frequency influences composition and structure of 
the shrub layer in an Australian subcoastal temperate grassy woodland. Austral Ecology 34, 218–
232.  

Wearne LJ and Morgan JW (2001) Recent forest encroachment into subalpine grasslands near Mount 
Hotham, Victoria, Australia. Arctic Antarctic and Alpine Research 33, 369–377.  

Webb LJ (1964) An historical interpretation of the grass balds of the Bunya Mountains, south 
Queensland. Ecology 45, 159–162.  

Williams NSG, Morgan JW, McCarthy MA and McDonnell MJ (2006) Local extinction of grassland 
plants: The landscape matrix is more important than patch attributes. Ecology 87, 3000–3006.  

Williams RJ and Ashton DH (1988) Cyclical patterns of regeneration in subalpine heathland 
communities on the Bogong High Plains, Victoria. Australian Journal of Botany 36, 605–619.  

Williams RJ and Costin AB (1994) Alpine and subalpine vegetation. In Australian Vegetation Second 
Edition. (Ed. RH Groves) pp. 467–500. Cambridge University Press, Cambridge. 

Williams RJ, Gill AM and Moore PHR (1998) Seasonal changes in fire behaviour in a tropical 
savanna in Northern Australia. International Journal of Wildland Fire 8, 227–239.  

Williams RJ, Wahren CH, Bradstock RA and Muller WJ (2006) Does alpine grazing reduce blazing? 
A landscape test of a widely-held hypothesis. Austral Ecology 31, 925–936.  

Williams RJ, Bradstock RA, Cary GJ, Gill AM, Liedloff AC, Lucas C, et al. (2009) ‘Interactions 
between climate, fire regimes and biodiversity in Australia: a preliminary assessment’. Report to 
Department of Climate Change and Department of Environment, Water, Heritage and the Arts, 
Canberra.  

Wimbush DJ and Forrester IR (1988) Effects of rabbit grazing and fire on a subalpine environment. II. 
Tree vegetation. Australian Journal of Botany 36, 287–298.  

Yates CJ and Hobbs RJ (1997) Temperate eucalypt woodlands: a review of their status, processes 
threatening their persistence and techniques for restoration. Australian Journal of Botany 45, 949–
973.  

  



page  17 

Figure 12.1. Conceptual models contrasting hypothesised (a) alpine and (b) semi-arid shrub-grass 
dynamics, as influenced by fire regimes, climate and major disturbances. Central components shared 
by both systems are shown in black. Alpine dynamics: (a) increased [CO2] promotes growth of C3 
shrubs; (b) flammable shrubs promote fires, which (c) create gaps that promote shrub establishment; 
(d) heavy grazing reduces grass cover, which (e) creates gaps that promote shrub establishment; (f) 
grasses re-establish beneath shrubs over the long-term; (g) low rainfall (during drought) and (h) higher 
temperatures (global warming) reduce fuel moisture levels, which (i) promotes fire intensity and 
spread. Semi-arid dynamics: (a) irregular high rainfall promotes grass growth; (b) dense grass 
restricts woody plant recruitment, but (c) promotes fire spread; (d) fire kills seedlings and mature 
plants of some woody species; (e) irregular high rainfall promotes woody plant establishment, which, 
in the absence of fire, (f) promotes cover of woody plants; (g) increased [CO2] may also promote 
growth of C3 woody plants; (h) dense woody plants and (i) heavy grazing restrict grass biomass; 
which (c) reduces fire frequency and spread; (j) fire suppression and/or landscape fragmentation 
further restrict fire spread. 

 

 

Figure 12.2. Conceptual models hypothesising interactions between resources, fires and grassland 
structure, function and diversity in: (a) mesic and (b) semi-arid grassy ecosystems. Arrow widths 
indicate process strength. Large arrows (at bottom) highlight contrasting process directions in the two 
systems. Major processes in mesic systems: (a) Climatic-edaphic resources regulate productivity and 
decomposition, which control biomass accumulation, which, in turn (b) controls fires that (c) reduce 
biomass levels; (d) accumulated biomass strongly regulates available resource levels, which (e) control 
plant composition and diversity. Semi-arid systems: (a) Climatic-edaphic resources, especially 
intermittently high summer rainfall, regulate biomass accumulation, which (b) controls fire regimes. In 
contrast to mesic systems, (c) dense biomass accumulation is more limited by low productivity than by 
fire frequency, and (d) accumulated biomass may maintain resource levels by reducing soil insolation 
and enhancing infiltration; potentially reducing resource losses through erosion; that is, the reverse of 
process (a). 
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