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Scope of this review 

 

This literature review forms part of a suite of materials that Hotspots aims to produce in each region 

in which it works. While most Hotspots products are targeted to landholders, literature reviews are 

directed towards a professional audience. Their primary aim is to provide ecological background to 

underpin and inform the messages about fire that Hotspots and local NRM practitioners present. A 

secondary aim is to offer a platform for discussion and debate on the role of fire in regional 

vegetation types. In both cases we hope the outcome will be more informed fire management for 

biodiversity conservation. 

 

This review considers literature relevant to a subset of vegetation classes in the Border Rivers-

Gwydir region of New South Wales (NSW). It aims to help land and fire managers not only to 

understand the impacts of fire in the region, but also to place that understanding in a wider 

ecological context. Companion documents covering the Central West, Hunter, Lachlan, Namoi, 

Northern Rivers and Southern Rivers regions are also available (Watson 2006 a, b 2007; Watson and 

Tierney 2009a,b; Graham et al. 2012). 

 

Fire affects different plant and animal species differently, and fire regimes compatible with 

biodiversity conservation vary widely between ecosystems (Bond 1997; Watson 2001; Bradstock et 

al. 2002; Kenny et al. 2004). This document explores the role of fire in the vegetation formations of 

Keith (2004). All vegetation formations covered in this review also occur in the Namoi region. 

However the literature is limited for some vegetation formations and this is reflected in this review. 

Fire is also of limited occurrence in most wetland types (though it can occur in Forested Wetlands), 

therefore wetlands are also not considered in this review. The broad vegetation formations of Keith 

(2004) can be further subdivided into classes (Table 1). Where literature permits, the fire ecology of 

classes that occur in the Border Rivers-Gwydir region are discussed (often there is no literature 

available at the class level or limited to only one study). 
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Table 1: Vegetation Formations and Classes (Keith) occurring in the Border Rivers ς Gwydir region  

VEGETATION FORMATION KEITH VEGETATION CLASS 

ARID SHRUBLANDS 
ACACIA SUBFORMATION 
1 vegetation community 

¶ North-west Plain Shrublands 

CHENOPOD SUBFORMATION 
4 vegetation communities 

¶ Riverine Chenopod Shrublands 

SEMI-ARID WOODLANDS 
GRASSY SUBFORMATION 
9 vegetation communities 

¶ North-west Floodplain Woodlands 

¶ Riverine Plain Woodlands 

¶ Brigalow Clay Plain Woodlands 

SHRUBBY SUBFORMATION 
7 vegetation communities 

¶ Western Peneplain Woodlands 

¶ Subtropical Semi-arid Woodlands 

¶ North-west Alluvial Sand Woodlands 

DRY SCLEROPHYLL FORESTS 
SHRUB/GRASS SUBFORMATION 
24 vegetation communities 

¶ New England Dry Sclerophyll Forests 

¶ Northern Gorge Dry Sclerophyll Forests 

¶ North-west Slopes Dry Sclerophyll Woodlands 

¶ Pilliga Outwash Dry Sclerophyll Forests 

SHRUBBY SUBFORMATION 
35 vegetation communities 

¶ Northern Escarpment Dry Sclerophyll Forests 

¶ Northern Tableland Dry Sclerophyll Forests 

¶ Western Slopes Dry Sclerophyll Forests 

¶ Yetman Dry Sclerophyll Forests 

HEATHLANDS 
3 vegetation communities 

¶ Northern Montane Heaths 

FORESTED WETLANDS 
5 vegetation communities 

¶ Eastern Riverine Forests 

¶ Inland Riverine Forests 

FRESHWATER WETLANDS 
14 vegetation communities 

¶ Montane Bog and Fens 

¶ Montane Lakes 

¶ Inland Floodplain Shrublands 

¶ Inland Floodplain Swamps 

GRASSLANDS 
13 vegetation communities 

¶ Semi-arid Floodplain Grasslands 

¶ Temperate Montane Grasslands 

¶ Western Slopes Grasslands 

GRASSY WOODLANDS 
27 vegetation communities 

¶ Western Slopes Grassy Woodlands 

¶ Subalpine Woodlands 

¶ New England Grassy Woodlands 

¶ Tableland Clay Grassy Woodlands 

¶ Floodplain Transition Woodlands 

WET SCLEROPHYLL FORESTS 
SHRUBBY SUBFORMATION 
4 vegetation communities 

¶ Northern Escarpment Wet Sclerophyll Forests 

GRASSY SUBFORMATION 
7 vegetation communities 

¶ Northern Tableland Wet Sclerophyll Forests 

¶ Northern Hinterland Wet Sclerophyll Forests 

RAINFORESTS 
6 vegetation communities 

¶ Northern Warm Temperate Rainforests 

¶ Dry Rainforests 

¶ Western Vine Thickets 

(OEH, nd; Benson et al. 2010 ) 
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The guidelines ς a word of caution 

A recommended fire frequency range is provided for each formation where it is possible to make 

recommendations. However, it is important to understand that these frequencies represent broad 

recommendations, based on the data that is available. Individual species (including threatened 

species) and identified endangered ecological communities may require specific fire regimes and this 

cannot be accurately assessed for these entities based on broad observations at the formation and 

class level. It should also be kept in mind that fire frequency is generally regarded as a powerful 

influence on ecological processes. However fire intensity, season, patchiness, fire history and a range 

of other factors interact to determine the impact of any given fire (see below). In some instances 

other factors (e.g. system productivity) or an interaction of factors determine system biodiversity 

outcomes. This may include recent anthropological changes (e.g. fragmentation effects) so that fire 

produces differing outcomes through time and space that go beyond predictions based on 

vegetation type. Biodiversity patterns are also much simplified by classification to vegetation 

formations and classes. Despite these complications, fire is an important driver of biodiversity in 

many systems in the Border Rivers-Gwydir region and one that must be managed. There is thus a 

strong need for further research to fine tune the use of fire management in the region. 
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1. FIRE ECOLOGY: SOME IMPORTANT CONCEPTS 

 

Before addressing the literature on specific vegetation classes, some ecological concepts and 

principles underlying current understanding of fire regimes are explored. Fire-related attributes that 

vary between species are canvassed, along with a range of concepts including disturbance, 

succession, interspecific competition, landscape productivity and patch dynamics. These ideas 

provide a framework which helps explain how fires have shaped the landscape in the past, and how 

fire management can best conserve the diversity of the bush in the future. They thus give context to 

specific research findings, and can assist understanding of differences between vegetation types. 

 

Species responses to fire 

Plant species differ in the way they respond to fire. Fire-related characteristics or attributes which 

vary between species include:  

¶ Regeneration mode ς the basic way in which a species recovers after fire 

¶ How seeds are stored and made available in the post-fire environment 

¶ When, relative to fire, new plants can establish 

¶ Time taken to reach crucial life history stages. 

Plant communities are made up of species with a variety of fire-related attributes. These differences 

mean plant species are differentially affected by different fire regimes; fire regimes therefore 

influence community composition. 

Regeneration modes 

Lƴ ŀ ǎŜƳƛƴŀƭ ŀǊǘƛŎƭŜ ƛƴ мфумΣ Dƛƭƭ ŎƭŀǎǎƛŦƛŜŘ Ǉƭŀƴǘǎ ŀǎ άƴƻƴ-ǎǇǊƻǳǘŜǊǎέ ƻǊ άǎǇǊƻǳǘŜǊǎέΣ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ 

whether mature plants subjected to 100% leaf scorch die or survive fire. Most adults of sprouting  

ǎǇŜŎƛŜǎΣ ŀƭǎƻ ŎŀƭƭŜŘ ΨresproutersΩΣ ǊŜƎǊƻǿ ŦǊƻƳ ǎƘƻƻǘǎ ŀŦǘŜǊ ŀ ŦƛǊe. These shoots may come from root 

suckers or rhizomes, from woody swellings called lignotubers at the base of the plant, from 

epicormic buds under bark on stems, or from active pre-fire buds (Gill 1981). Some resprouters, i.e. 

those which regrow from root suckers or rhizomes (such as blady grass and bracken), can increase 

vegetatively after a fire. However other resprouters cannot increase vegetatively, and therefore 

need to establish new plants to maintain population numbers, as adults will eventually age and die. 

 

Non-ǎǇǊƻǳǘƛƴƎ ǎǇŜŎƛŜǎΣ ƻǊ Ψobligate seedersΩΣ ŀǊŜ Ǉƭŀƴǘǎ ǘƘŀǘ ŘƛŜ ǿƘŜn their leaves are all scorched in 

a fire, these species rely on regeneration from seed. Obligate seeder species generally produce more 

seed (Lamont et al. 1991), and greater numbers of seedlings (Wark et al. 1987; Benwell 1998) than 

resprouters, and seedling growth rates tend to be more rapid (Bell & Pate 1996; Benwell 1998; Bell 

2001a). 
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These categories are not invariant. Survival rates in the field for both resprouters and obligate 

seeders change with fire intensity (Morrison & Renwick 2000). Some species exhibit different 

regeneration strategies in different environments (Williams et al. 1994; Benwell 1998; DEC 2002). 

 

Seed storage and dispersal 

Fire provides conditions conducive to seedling growth. Shrubs, grass clumps, litter and sometimes 

canopy cover are removed, allowing increased light penetration to ground level and reducing 

competition for water and nutrients (Williams & Gill 1995; Morgan 1998a). For plant species to take 

advantage of this opportunity, seeds need to be available. There are several ways in which this can 

be accomplished. 

 

Some species hold their seeds in on-plant storage organs such as cones, and release them after a 

ŦƛǊŜΦ ¢ƘŜǎŜ ΨǎŜǊƻǘƛƴƻǳǎΩ ǘŀȄŀ ƛƴŎƭǳŘŜ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ tǊƻǘŜŀŎŜŀŜ and Cupressaceae families, for 

example Banksia, Hakea and Callitris. Some eucalypts release seed in response to fire (Noble 1982; 

Gill 1997). The degree to which seed release also occurs in the absence of fire varies between 

species (Ladd 1988; Enright et al. 1998). 

 

A second group of species stores dormant seeds in the soil, with dormancy requirements which 

ensure germination occurs mostly after fire. Heat promotes germination in many legumes (Shea et 

al. мфтфΤ !ǳƭŘ ϧ hΩ/ƻƴƴŜƭƭ мффмύΣ ǿƘƛƭŜ ǎƳƻƪŜ Ǉƭŀȅǎ ŀ ǊƻƭŜ ŦƻǊ ƻǘƘŜǊ ǎǇŜŎƛŜǎ ό5ƛȄƻƴ et al. 1995; 

Roche et al. 1998; Flematti et al. 2004). Some taxa respond best to a combination of these two fire 

related cues (Morris 2000; Thomas et al. 2003). 

 

A third strategy is to create seeds rapidly after a fire, through fire-cued flowering. Xanthorrhoea 

species are a well-known example of this phenomenon (Harrold 1979; McFarland 1990); however 

shrubs such as the Crinkle Bush Lomatia silaifolia) (Denham & Whelan 2000) and the Waratah 

(Telopea speciossima) (Bradstock 1995) also flower almost exclusively in the years after a fire. Many 

Grassland forbs (herbaceous plants which are not a grass, sedge or rush) exhibit this characteristic 

(Lunt 1994). 

 

Finally, some species rely to a greater or lesser extent on seed coming in from outside the burnt 

area. This strategy is not common in very fire-prone environments such as coastal heaths, where 

seed dispersal distances seem to be limited to tens of metres or less in most species (Auld 1986a; 

Keith 1996; Hammill et al. 1998). However some wind and vertebrate-dispersed species do occur in 

these environments; examples include plants with fleshy fruits such as Persoonia species and some 

epacrids (e.g. Styphelia and Leucopogon spp.). These species may have a different relationship to fire 

cycles than do taxa whose seeds are not widely dispersed (French & Westoby 1996; Ooi et al. 

2006b). 
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Recruitment relative to fire 

Species also differ in when they establish new plants relative to fire. For many species in fire-prone 

environments, recruitment is confined to the immediate post-fire period (Auld 1987a,b: Zammit & 

Westoby 1987; Cowling et al. 1990; Vaughton 1998; Keith et al. 2002a), although this may vary 

between populations (Whelan et al. 1998) and with post-fire age (Enright & Goldblum 1999). Some 

species, however, recruit readily in an unburnt environment, and are therefore able to build up 

population numbers as time goes by after a fire. 

 

Life history stages 

¢ƘŜ ǘƛƳŜ ǘŀƪŜƴ ǘƻ ŎƻƳǇƭŜǘŜ ǾŀǊƛƻǳǎ ƭƛŦŜ ǎǘŀƎŜǎ ŀŦŦŜŎǘǎ ŀ ǎǇŜŎƛŜǎΩ ŀōƛƭƛǘȅ to persist in a fire-prone 

environment. Time from germination to death of adult plants, time to reproductive maturity and, for 

resprouters, time to fire tolerance are important variables, as is duration of seed viability. The time 

from seed germination to reproductively-ƳŀǘǳǊŜ ŀŘǳƭǘ ƛǎ ƪƴƻǿƴ ŀǎ ŀ ǎǇŜŎƛŜǎΩ Ψprimary juvenile 

periodΩΦ wŜǎǇǊƻǳǘƛƴƎ ǎǇŜŎƛŜǎ ŀƭǎƻ ƘŀǾŜ ŀ Ψsecondary juvenile periodΩΥ ǘƘŜ ǘƛƳŜ ǘŀƪŜƴ ŦƻǊ vegetative 

regrowth to produce viable seed (Morrison et al. 1996). The length of these periods differs between 

species, and may even differ within a species, depending on location (Gill & Bradstock 1992; Knox & 

Clarke 2004; Clarke et al. 2009). Once flowering has occurred, it may take additional years before 

viable seed is produced, and even longer to accumulate an adequate seedbank (Wark et al. 1987; 

.ǊŀŘǎǘƻŎƪ ϧ hΩ/ƻƴƴŜƭƭ мфууύΦ 

In resprouters, the primary juvenile period is often much longer than the secondary juvenile period, 

as well as being longer than the primary juvenile period in equivalent obligate seeders (Keith 1996; 

Benwell 1998). Resprouter seedlings are not immediately fire tolerant: it may take many years 

before lignotuber development or starch reserves are sufficient to allow the young plant to survive a 

fire (Bradstock & Myerscough 1988; Bell & Pate 1996; Clarke et al 2009). 

 

The length of time seed remains viable is another important variable, but one about which not a 

great deal is known. It is clear, however, that species vary greatly (Keith 1996). The seedbanks of 

serotinous species are likely to be depleted more quickly than those of species with soil-stored seed, 

although much variation exists even here (Gill & Bradstock 1992; Morrison et al. 1996; Clarke et al. 

2009). Species also vary in whether seedbanks are exhausted by a single fire (either through 

germination or destruction). Species which store seed in the canopy, and species whose soil-stored 

seeds are relatively permeable (e.g. Grevillea species - Morris 2000), are unlikely to retain a residual 

store of pre-fire seeds through the next interfire interval. However some species, generally those 

with hard, soil-stored seeds such as peas and wattles, retain viable ungerminated seed through more 

than one fire; Bossiaea laidlawiana, from south-west Western Australia, is an example (Christensen 

& YƛƳōŜǊ мфтрύΦ ¢Ƙƛǎ ƎƛǾŜǎ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ŀ ΨƘŜŘƎŜΩ ŀƎŀƛƴǎǘ ŀ ǎŜŎƻƴŘ ŦƛǊŜ ǿƛǘƘƛƴ ǘƘŜ ƧǳǾenile period. 
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Disturbance, succession and a paradigm shift 

Disturbance and succession are basic concepts in ecology. Advances in understanding of these 

processes has informed several theories and models which are useful for understanding the way 

plant communities ς groupings of species with different fire-related attributes ς respond to fire. Fire 

is a disturbanceΦ ! ŘƛǎǘǳǊōŀƴŎŜ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άŀƴȅ ǊŜƭŀǘƛǾely discrete event in time that removes 

organisms and opens up space which can be colonised by individuals of the same or different 

ǎǇŜŎƛŜǎέ ό.ŜƎƻƴ et al. 1990). The concept encompasses recurring discrete events such as storms, 

floods and fires, as well as on-going processes like grazing. Disturbance may stem from natural 

phenomena or human activities (Hobbs & Huenneke 1992), and is ubiquitous throughout the ǿƻǊƭŘΩǎ 

ecosystems (Sousa 1984). 

 

Succession follows disturbance. This concept has been of interest to ecologists since Clements 

ƻǳǘƭƛƴŜŘ ǿƘŀǘ ƛǎ ƴƻǿ ŎŀƭƭŜŘ ΨŎƭŀǎǎƛŎŀƭ ǎǳŎŎŜǎǎƛƻƴΩ ƛƴ мфмс (Clements 1916). In classical succession 

άŦƻƭƭƻǿƛƴƎ ŀ disturbance, several assemblages of species progressively occupy a site, each giving way 

to its ǎǳŎŎŜǎǎƻǊ ǳƴǘƛƭ ŀ ŎƻƳƳǳƴƛǘȅ Ŧƛƴŀƭƭȅ ŘŜǾŜƭƻǇǎ ǿƘƛŎƘ ƛǎ ŀōƭŜ ǘƻ ǊŜǇǊƻŘǳŎŜ ƛǘǎŜƭŦ ƛƴŘŜŦƛƴƛǘŜƭȅέ 

(Noble & Slatyer 1980). Implicit in this model is the idea that only the ŦƛƴŀƭΣ ΨŎƭƛƳŀȄΩ ŎƻƳƳǳƴƛǘȅ ƛǎ ƛƴ 

equilibrium with the prevailing environment. 

 

A popular metaphor for this equilibrium paradigm ƛǎ ΨǘƘŜ ōŀƭŀƴŎŜ ƻŦ ƴŀǘǳǊŜΩΦ /ƻƴǎŜǊǾŀǘƛƻƴ practice 

aligned with this model focuses on objects rather than processes, concentrates on removing the 

natural world from human influence, and believes that desirable features will be maintained if 

nature is left to take its course (Pickett et al. 1992). Fire does not sit easily in the balance of nature 

approach, which influenced attitudes to burning, both in Australia and elsewhere, for many years. 

For example, forester Charles Edward Lane-Poole argued to the Royal Commission following the 

1939 fires in Victoria for total fire exclusion on the grounds that this would enable natural succession 

to proceed resulting in a less flammable forest (Griffiths 2002). 

 

Over recent decades, however, a paradigm shift has been underway. Drivers include the realisation 

that multiple states are possible within the one community (Westoby et al. 1989), as are multiple 

successional pathways (Connell & Slatyer 1977). Most importantly from a conservation perspective, 

it has increasingly been recognised that periodic disturbance is often essential to maintain diversity, 

allowing species which might otherwise have been displaced to continue to occur in a community 

(Connell 1978). 

 

This non-equilibrium paradigm Ŏŀƴ ōŜ ŜƴŎŀǇǎǳƭŀǘŜŘ ōȅ ǘƘŜ ǇƘǊŀǎŜ ΨǘƘŜ ŦƭǳȄ ƻŦ ƴŀǘǳǊŜΩΦ Scale is 

important in this paradigm: equilibrium at a landscape scale may be the product of a distribution of 

states or patches in flux (Wu & Loucks 1995). Implications include a legitimate ς or even vital ς role 

for people in ecosystem management, and a focus on the conservation of processes rather than 

objects. This does not, of course, imply that all human-generated change is okay; it does mean 
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human beings must take responsibility for maintaining the integrity of natural ecosystem processes 

(Pickett et al. 1992; Partridge 2005). Fire fits much more comfortably into the non-equilibrium 

ǇŀǊŀŘƛƎƳΣ ǿƘŜǊŜ ƛǘ ǘŀƪŜǎ ƛǘǎ ǇƭŀŎŜ ŀǎ ŀ ǇǊƻŎŜǎǎ ƛƴǘŜƎǊŀƭ ǘƻ Ƴŀƴȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜŎƻǎȅǎǘŜƳǎΦ 

 

Theory into thresholds 

The non-equilibrium paradigm forms the basis for a number of theories and models which have 

been used to inform an understanding of fire regimes in Australia. These include the vital attributes 

model of Noble & Slatyer (1980). It can also be used to define disturbance frequency domains 

compatible with maintenance of particular suites of species. This model has been used to develop 

fire management guidelines for broad vegetation types in NSW (Kenny et al. 2004). 

 

The basic idea is that, to keep all species in a community, fire intervals should vary within a lower 

and an upper threshold. Lower thresholds are set to allow all species vulnerable to frequent fire to 

reach reproductive maturity, while upper thresholds are determined by the longevity of species 

vulnerable to lack of burning. Species with similar fire-related characteristics are grouped into 

functional types (Noble & Slatyer 1980; Keith et al. 2002b). The vulnerability of each group, and of 

species within sensitive groups, can be assessed through consideratiƻƴ ƻŦ ǘƘŜƛǊ ΨǾƛǘŀƭ ŀǘǘǊƛōǳǘŜǎΩΦ  

Functional types most sensitive to short interfire intervals (high fire frequency) contain obligate 

seeder species whose seed reserves are exhausted by disturbance. Populations of these species are 

liable to local extinction if the interval between fires is shorter than their primary juvenile period 

(Noble & Slatyer 1980). The minimum interfire interval (lower threshold) to retain all species in a 

particular vegetation type therefore needs to accommodate the taxon in this category with the 

longest juvenile period (DEC 2002). 

 

Species whose establishment is keyed to fire (Noble and Slatyer calƭ ǘƘŜǎŜ ΨI-ǎǇŜŎƛŜǎΩύ ŀǊŜ ƘƛƎƘƭȅ 

sensitive to long interfire intervals (infrequent fire): they are liable to local extinction if fire does not 

occur within the lifespan of established plants and/or seedbanks (Noble & Slatyer 1980). The 

maximum interval (upper threshold) therefore needs to accommodate the taxon in this category 

with the shortest lifespan, seedbank included (DEC 2002; Bradstock & Kenny 2003). 

 

Data on plant life history attributes relevant to setting lower thresholds ς regeneration modes and 

juvenile periods ς are much more readily available than the information needed to set upper 

thresholds ς longevity of adults and seeds. Kenny et al. (2004) note the lack of quantitative data on 

these latter attributes, and point out that as a result, upper thresholds in the NSW guidelines are 

άƭŀǊƎŜƭȅ ōŀǎŜŘ ƻƴ ŀǎǎǳƳǇǘƛƻƴǎ ŀƴŘ ƎŜƴŜǊŀƭƛǎŀǘƛƻƴǎέ ŀƴŘ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ǎǳǊǊƻǳƴŘŜŘ ōȅ άŎƻƴǎƛŘŜǊŀōƭŜ 

ǳƴŎŜǊǘŀƛƴǘȅέ όYŜƴƴȅ et al. 2004). Work on these variables is an important task for the future. It can 

also be argued that upper thresholds need to consider not only the characteristics of individual plant 

species, but also competitive interactions between species. 
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Competition and productivity 

The effect of dominant Heathland shrubs on other species Ƙŀǎ ōŜŜƴ ǊŜŎƻƎƴƛǎŜŘ ƛƴ {ȅŘƴŜȅΩǎ 

sandstone country (Keith & Bradstock 1994; Tozer & Bradstock 2002). When life history 

characteristics alone are considered, a feasible fire frequency for the conservation of both these 

dominant obligate seeders and understorey species appears to be 15-30 years. However under this 

regime the dominant species form high-density thickets which reduce the survival and fecundity of 

species in the understorey, an effect which carries through to the next post-fire generation. Similar 

dynamics have been observed in other Australian heath communities (Specht & Specht 1989; Bond 

ϧ [ŀŘŘ нллмύ ŀƴŘ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΩǎ ƘŜŀǘƘȅ Ŧȅƴōƻǎ ό.ƻƴŘ мфу0; Cowling & Gxaba 1990; Vlok & Yeaton 

2000). An understanding of this dynamic has highlighted the need to include in Heathland fire 

regimes some intervals only slightly above the juvenile period of the dominant species, thus 

reducing overstorey density for a period sufficient to allow understorey taxa to build up population 

numbers before again being overshadowed (Bradstock et al. 1995). 

 

The competitive effect on understorey vegetation may be particularly profound where dominant 

shrubs resprout (Bond & Ladd 2001). Unlike obligate seeders, dominant resprouters will continue to 

exert competitive pressure immediately after a fire by drawing on soil resources, and once their 

cover is re-established, on light resources too. Their potential to outcompete smaller species in the 

post-fire environment may therefore be considerable. These dynamics have been documented in 

²ŜǎǘŜǊƴ {ȅŘƴŜȅΩǎ /ǳƳōŜǊƭŀƴŘ tƭŀƛƴ ²ƻƻŘƭŀƴŘΣ ǿƘŜǊŜ ŘŜƴǎŜ ǘƘƛŎkets of the prickly resprouting 

shrub Bursaria spinosa are associated with a reduced abundance of other shrub species, particularly 

obligate seeders (Watson et.al 2009). 

 

Bursaria has the advantage of being able to recruit between fires, whereas most sclerophyllous 

(hard-leaved) shrub species recruit almost exclusively after a fire (Purdie & Slatyer 1976; Cowling et 

al. 1990; Keith et al. 2002a). The vital attributes model explicitly identifies species able to recruit 

between fires ς bƻōƭŜ ŀƴŘ {ƭŀǘȅŜǊ Ŏŀƭƭ ǘƘŜƳ ΨT-ǎǇŜŎƛŜǎΩ ς and their propensity to dominate in the 

absence of disturbance is also explicitly noted (Noble & Slatyer 1980). However to date little 

emphasis has been placed on the role of T-species when determining fire frequency guidelines. T-

species are almost certainly more prevalent in some environments than in others, for example in 

rainforests, and conversely in arid areas where recruitment may be geared more to periods of 

unusually high rainfall or flooding than to fire. 

 

The importance of competition between plant species, and thus the importance of disturbance to 

disrupt competitive exclusion, is likely to vary with landscape productivity. A second non-

equilibrium paradigm offshoot, the dynamic equilibrium model (Huston 1979, 2003, 2004), 

considers the interaction of productivity and disturbance in mediating species diversity. In harsh 

environments where productivity is low, interspecific competition is unlikely to be great. Here, 

abiotic factors such as low rainfall, heavy frosts and infertile soils limit the number of plant species 



13 
 

able to grow, and also limit their growth rates. The need for disturbance to reduce competitive 

superiority is therefore minimal. In fact, a high disturbance frequency is predicted to reduce diversity 

in these ecosystems, as organisms will be unable to grow fast enough to recover between 

disturbances. In highly productive, resource-rich environments, however, competition is likely to be 

much more intense, as many species can grow in these areas, and they grow quickly. Here, diversity 

is predicted to decline where disturbance frequency is low, as some species will out-compete others, 

excluding them from the community. 

 

Landscape productivity, as defined by plant biomass as an example, is likely to increase with rainfall, 

temperature, season of rainfall ς where rainfall and warm temperatures coincide, there may be a 

greater potential for plant growth ς and soil fertility (clay soils are often more fertile than sandy 

soils, however they also tend to support more herbaceous, and fewer shrub, species (Prober 1996; 

Clarke & Knox 2002). Relatively frequent fire may thus be more appropriate in wet, warm, 

productive fire-prone systems than in those whose productivity is limited by poor soils, low rainfall 

or a short growing season. 

 

This discussion brings us back to the concept of succession. South African fire ecologists Bond et al. 

(2003, 2005) divide global vegetation types into three categories: 

¶ Climate-limited systems. These communities are not prone to either major structural 

change, nor to succeeding to another vegetation type in the absence of fire, although fire 

frequency may influence species composition to some extent. In South Africa these 

communities occur in arid environments, and also in areas nearer the coast where rainfall is 

moderate but occurs in winter. 

¶ Climate-limited but fire modified systems. These vegetation types do not succeed to 

another vegetation type in the absence of fire, but their structure may alter from grassy to 

shrubby. The Cumberland Plain Woodland described above fits into this category. 

¶ Fire-limited. These vegetation types will succeed to a different community in the absence of 

fire. In South Africa, these communities occur in higher rainfall areas, and include both 

savannah and heath. 

 

These three categories no doubt form a continuum. In NSW, limitation by climate rather than fire 

probably becomes more prevalent as average annual rainfall decreases. In some arid and semi-arid 

environments, droughts and/or floods may complement or even replace fire as the primary natural 

space-creating mechanism (Cunningham & Milthorpe 1976). Of course, climate and fire are 

everywhere intertwined, with major fires occurring during months and years when vegetation dries 

out with drought. Higher than average rainfall, however, is also intimately associated with fire in arid 

and semi-arid areas, as in many places fires will only spread when good seasons stimulate the 

growth of grasses and herbs which become cured, continuous fuel when rains retreat. 
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Climate-limited but fire-modified systems can occur in at least tǿƻ ΨǎǘŀǘŜǎΩΣ ŦƻǊ ŜȄŀƳǇƭŜ Grassy 

Woodland and Bursaria-dominated shrub thicket woodland on the Cumberland Plain (Watson 2005). 

Fire-limited vegetation types could also be said to be able to exist in different states, although the 

differences between them are so great that they are rarely thought about in this way. For example, 

in north Queensland, Eucalyptus grandis grassy Wet Sclerophyll Forest is succeeding to rainforest, 

probably due to a reduction in fire frequency and/or intensity (Unwin 1989; Harrington & Sanderson 

1994; Williams et al. 2003). However rainforest and grassy wet forest are not generally considered as 

different states of a single vegetation type, but rather as two different types of vegetation. 

 

Patch dynamics 

The examples in the last paragraph illustrate how dynamic vegetation can be in relation to fire. In 

some productive landscapes, variation in interfire intervals within broad thresholds, that is variation 

in time, may not be sufficient to maintain all ecosystem elements. Variation in space may also be 

needed to ensure all possible states, and the plants and animals they support, are able to persist in 

the landscape. Fire can mediate a landscape of different patches, whose location may change over 

time. 

 

For example recent studies in north-eastern NSW indicate that some forests in high rainfall areas on 

moderately fertile soils Ŏŀƴ ŜȄƛǎǘ ƛƴ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ΨǎǘŀǘŜΩΦ wŜƭŀǘƛǾŜly frequent fire ς at intervals 

between 2 and 5 years ς is associated with open landscapes in which a diverse flora of tussock 

grasses, forbs and some shrubs thrive (Stewart 1999; Tasker 2002). Nearby areas which have 

remained unburnt for periods over 15 or 20 years support higher densities of some shrub and  non-

eucalypt tree species, particularly those able to recruit between fires (Birk & Bridges 1989; 

Henderson & Keith 2002). Each regime provides habitat for an equally diverse, but substantially 

different, array of invertebrates and small mammals (Andrew et al. 2000; York 2000; Bickel & Tasker 

2004; Tasker & Dickman 2004). 

 

¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǎǘŀǘŜǎΩ ǇǊƻǾƛŘŜǎ ƻǇǘƛƻƴǎ ŦƻǊ ǘƘŜ ŎǊŜŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴance of habitat across space as 

well as time. It can reduce conflict between those who see the value in particular states (such as 

grassy or shrubby vegetation in sub-tropical Wet Sclerophyll Forests), by pointing out the value of 

each and the need for both. Of course, it also raises questions as to the proportion of each state that 

may be desirable in the landscape, the scale of mosaics, and various other factors. These questions 

represent fertile ground for research and discussion in future. 
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Fire and climate change 

Climate change is a challenging example of the non-equilibrium paradigm in operation. Altered fire 

regimes have been predicted over ensuing decades and are considered to be one of the major 

ecological management challenges for Australia (Morton et al. 2009). This presents a significant 

issue for fire ecologists who (like most ecologists) have operated under an assumption of an overall 

steady state (albeit with large variability) in fire regimes. General predictions of increasing fire 

frequency and intensity have been predicted to lead to major fire driven shifts in vegetation 

patterns. There are, however, a range of uncertainties around these predictions. Firstly, it is by no 

means certain what (if any) changes will occur. Bradstock et al. (2008) report that the two major 

drivers of ŦƛǊŜ ŀǊŜ άŦƛǊŜ ǿŜŀǘƘŜǊέ όƘƻǘΣ ŘǊȅ ŎƻƴŘƛǘƛƻƴǎΤ ƛƎƴƛǘƛƻƴ ǊŀǘŜǎύ ŀƴŘ ŦǳŜƭ load. Whilst increases in 

fire weather may occur, drier conditions could lead to less fuel (Bradstock 2010; Penman & York 

2010), so that fire regime changes are by no means understood (Matthews et al. 2013). Secondly, 

shifts in vegetation in response to fire will be limited by major habitat variables such as soil type 

(Westoby & Burgman 2006) and more generally by the overall suitability of adjacent areas (Keith et 

al. 2008). Additionally, selection and adaptation in the face of altered fire regimes may occur (Skelly 

et al. 2007). 
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2. THE LANDSCAPES, CULTURES AND CLIMATE OF THE BORDER 

RIVERSςGWYDIR REGION 

 

The Border Rivers-Gwydir (BRG) region is composed of three distinct landscapes (Figure 1): 

tablelands (part of the New England Tableland bioregion), slopes (containing parts of the Nandewar 

and Brigalow Belt South bioregions) and plains (containing parts of the Brigalow Belt South and 

Darling Riverine Plains bioregion). All are part of the upper reaches of the MurrayςDarling Basin, 

encompassing an area of approximately 50,000 square kilometres. The "Border Rivers" component 

of the catchment extends into Queensland, with the Macintyre River forming the State border (NSW 

Office of Water, nd). 

 

Elevation in the BRG region varies from just over 1500 m above sea level (asl) on the crest of the 

Great Dividing Range between Tenterfield and Guyra, as well as on the peaks of Mt Kaputar, to 

approximately 140 m asl at the confluence of the Gwydir and Barwon River in the far west of the 

region. The BRG region contains a substantial proportion of the New England Tableland, the largest 

highland landscape in Australia (Barnes et al. 1988).  

 

The BRG region contains all or part of 11 Local Government Areas (LGAs) with a collective population 

of approximately 65,000 residents. Major population centres include Glen Innes, Tenterfield and 

Uralla on the Tablelands, Inverell and Bingara on the Slopes, and Moree and Mungindi on the Plains. 

The region is heavily agriculturally developed and the majority of pre-European ecosystems across 

the more fertile and productive parts of the catchment have been degraded or removed by over a 

century and a half of agricultural landuse (OEH VIS spatial data). Synergistic pressures that have led 

to the extinction of numerous native mammals and other fauna include invasion and occupation by 

feral animals and weeds, serious degradation to land and water resources and the imposition of 

inappropriate fire regimes. This has resulted in the decline and loss of functionality of many high-

productivity ecosystems, a process that continues to the present day. 

 

Because of the presence of large areas of highly productive land including extensive fertile 

floodplains and basalt enriched landscapes, a relatively small proportion of the BRG region is Public 

Land (Conservation Reserves, State Forests and Crown Lands), but the majority of Public Land is 

vegetated. There are several landscapes in the BRG region where relatively large and well-connected 

areas of native vegetation remain (Figure 2). Examples of extensive areas of native vegetation 

include Torrington State Conservation Area, Dthinna Dthinnawan National Park (near Yetman and 

Texas) and the northern and eastern parts of Mt Kaputar National Park. Moderately large and 

connected areas of native vegetation exist along the crest of the Great Dividing Range (Bald Rock, 

Bolivia Hill, Butterleaf and Capoompeta National Parks). On the western slopes relatively large and 

connected areas of native vegetation exist along the Nandewar Range and the gorges draining the 

New England Tableland, reserves in these landscapes include Gwydir River, Kwiambal, King Plains, 
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Indawarra and Single National Parks and Arakoola, The Basin, Ironbark and Severn River Nature 

Reserves (Benson et al. 2010). 

Many landscapes in the BRG region have been entirely cleared; as a result they have little 

biodiversity or conservation value. Notably the fertile floodplains of the main rivers and the 

extensive basaltic landscapes of the BRG region have very little native vegetation remaining. Only 

steep, relatively infertile and rocky sandstone, granite and leucogranite landscapes still support 

extensive areas of native vegetation (Benson et al. 2010). 

 

The Gwydir River rises in the New England Tablelands near Uralla and flows north-west through 

steep valleys until it reaches the flat plains near Gravesend. Upstream of Moree the valley widens 

and the Gwydir River breaks into a complex pattern of creeks, anabranches and wetlands. The 

Gwydir River's main tributaries are Copes, Moredun, Georges and Laura Creeks, and the Horton 

River. The wetlands at the end of the catchment soak up much of the Gwydir River's flow. During 

flood events water spills out across the floodplain and enters the Barwon River at numerous points 

(NSW Office of Water, nd). 

 

The major river systems comprising the Border Rivers are the Dumaresq, Severn, Macintyre and 

Mole Rivers. The western half of the catchment comprises flat alluvial plains drained by intermittent 

watercourses ς mainly Croppa, Whalan and Gil Gil Creeks. At the lower end of the catchment the 

Macintyre River is characterised by a complex series of anabranching channels. The Weir River in 

Queensland is the Macintyre River's largest tributary, flowing into the Macintyre River around 25 

kilometres upstream of Mungindi and forming the start of the Barwon River. 

 

The BRG region has a temperate to sub-tropical climate, with a considerable graduation from east 

(cooler and wetter) to west (hotter and drier). Since 1950, the region has experienced warming of 

around 0.8ς1.3º C. This is likely to be partly due to human activities. The future climate of the Border 

Rivers-Gwydir catchment is likely to be warmer and drier. Such trends would also increase 

evaporation, heat waves, extreme winds and fire risk. Nevertheless, despite this trend toward drier 

conditions, there is also potential for increases in extreme rainfall events (CSIRO, 2007).  

 

The flows of the Darling River catchment great variability, responding strongly to El Nino ς La Niña 

cycles and deriving major flood pulses from southern Queensland and the western New England 

Tableland (NSW Office of Water). CSIRO (2007) predicts that rainfall patterns and hydrological 

regimes across the BRG region will be strongly influenced by global warming. Changes in rainfall and 

higher evaporation rates are likely to lead to less water for streams and rivers in the BRG region. 
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Figure 1: Bioregions in the BRG region  



19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Remnant native vegetation and conservation reserves in the BRG region  
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The BRG region is rich in Aboriginal cultural heritage, with many Aboriginal nations living in the area 

for over thousands of years and still living in the area today. Aboriginal nations of the Border Rivers-

Gwydir region include the Anawaan, Banbai, Bigambul, Kamilaroi (Gomeroi) and Ngarrabal. Within 

the region the land of the Kamilaroi nation stretches from the western area of the catchment to the 

ōƻǊŘŜǊ ǿƛǘƘ ǘƘŜ .ŀƴōŀƛ ƴŀǘƛƻƴ ƴŜŀǊ DǳȅǊŀ ƛƴ ǘƘŜ Ŝŀǎǘ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΦ ¢ƘŜ !ƴŀǿŀŀƴ ƴŀǘƛƻƴΩǎ ƭŀƴŘ 

extends south from the border with the Banbai nation (near Guyra) towards Uralla and northwest 

towards the Tingha district (Connah et al. 1977). The land of the Ngarrabal nation is around the Glen 

Innes area. The Bigambul people occupied lands around Bonshaw and Yetman and northwards into 

Queensland. 

 

There are a number of Aboriginal cultural heritage sites in the Border Rivers-Gwydir region including: 

artefact scatters and rock art, burial sites, scarred and carved trees, grinding grooves and middens, 

and mission and reserve sites and contemporary Aboriginal people maintain an association with 

their lands. There are two Indigenous Protected Areas (IPA) within the BRG region, The Willows-

Boorabee near Emmaville and Tarriwa-Kurrukun near Tingha (Commonwealth of Australia, nd).  
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3. LANDSCAPE GRADIENTS AND DRIVERS OF BIODIVERSITY IN 

THE BRG REGION 

 

The substantial rainfall gradient across the BRG region from east (>1400 mm p.a.) to west (<350 mm 

p.a.), creates substantial variation in vegetation systems. These range from small areas of Rainforest 

and shrubby Wet Sclerophyll Forests on the high rainfall north-eastern edge of the catchment along 

the crest of the Great Dividing Range (Benson & Ashby 1996,2000), to Grassy Woodlands and a wide 

variety of Dry Sclerophyll Forests in the mid-reaches of the catchment, Subalpine Woodlands above 

1300 m the high elevation at Mt Kaputar and arid shrublands dominated by leopardwood (Flindersia 

maculosa), Mitchell Grass dominated Grasslands and chenopod shrublands in the far west of the 

catchment (Benson et al. 2010). 

 

A substantial east-west gradient of riparian forests occurs along the major drainage lines of the BRG 

region. Eastern Riverine Forests dominated by River Oak (Casuarina cunninghamiana) grade into 

Inland Riverine Forests dominated by River Red Gum (Eucalyptus camaldulensis) and North-west 

Floodplain Woodlands dominated by Coolibah (E. coolabah subsp. coolabah) in the far west. 

 

The vegetation communities of the BRG region have evolved with fire as a prominent driver during 

the increasing aridity of the Tertiary and Quaternary periods (White, 1994), and many communities, 

populations and species are critically reliant upon fire to maintain essential life cycle components. 

Fire intensity and frequency vary greatly across the vegetation communities occurring within the 

BRG region, primarily as a function of variation in rainfall and site productivity. The Rainforests and 

shrubby Wet Sclerophyll Forests in the far east of the catchment have the greatest biomass of any 

vegetation community in the catchment, whilst the Grasslands and Chenopod Shrublands on the 

western plains have the least. 
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4. FAUNA EXTINCTION IN THE BRG REGION 

 

Most Critical Weight Range (CWR) mammals are extinct in the BRG region. Species such as the Bilby 

(Macrotis lagotis), Eastern hare-wallaby (Lagorchestes leporidesύ ŀƴŘ DƻǳƭŘΩǎ aƻǳǎŜ όPseudomys 

gouldii) were known from the BRG region historically (Table 2), the latter two species are extinct 

nationally, the former remains in scattered small colonies from western Queensland to the 

Kimberley coast.  The extinction of populations of bandicoots, small wallabies and potoroids as well 

as native rodents and carnivores (Burbidge & Mackenzie, 1989) and replacement with sheep, cattle, 

foxes, rabbits and cats has led to a fundamental shift in ecosystem dynamics across the catchment. 

This shift in mammal community composition has resulted in a myriad of deleterious impacts on the 

diversity, structure and function of remaining native species. The consequences of such a large shift 

in the fauna community will likely resonate for many generations to come. Further extinctions of 

fauna species seem likely because of the highly fragmented nature of native vegetation across most 

of the region. 

 

Extinction rates of woodland and forest bird species have historically been low, however in recent 

decades many species have experienced major declines, and this rate is accelerating (Reid 1999, 

2000). Although few, if any, viable populations of bush stone curlew and barking owl remain within 

the BRG region, it is renowned as a national stronghold for declining woodlands birds. In particular 

the area around Bingara and Bundarra is known to be one of the last breeding strongholds of the 

Critically Endangered regent honeyeater (Anthochaera phrygia) (Menkhorst et al. 1999). There are 

also significant populations of the eastern subspecies of the grey-crowned babbler (Pomatostomus 

temporalis temporalis), diamond firetail (Stagonopleura guttata), hooded robin (Melanodryas 

cucullata cucullata) and brown treecreeper (Climacteris picumnus victoriae) known from the BRG 

region. 
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5. ENDEMIC SPECIES, THREATENED SPECIES, ENDANGERED 

POPULATIONS AND ENDANGERED ECOLOGICAL 

COMMUNITIES OF THE BRG REGION 

 

The BRG region contains a rich diversity of native flora and fauna species including numerous species 

listed as Vulnerable, Endangered or Critically Endangered (Table 2), as well as two Endangered 

Populations of fauna, namely populations of the Tusked Frog (Adelotus brevis) and Brush Turkey  

(Alectura lathami) (Table 3). 

 

A considerable number of native plant species are endemic to the BRG region, including (amongst 

many notable examples) a major evolutionary radiation of the heathy myrtle shrubs (Homoranthus), 

on rocky outcrops across the region. Homoranthus species that are endemic to the BRG region and 

areas immediately adjoining include H.bebo, H. biflorus, H. binghiensis, H. bruhlii, H. croftianus, H. 

elusus, H. lunatus and H. melanostictus (Williams & Wissmann 1991; Hunter 1998; Copeland et al. 

2011). The Torrington and Bolivia Hill districts are recognised as being amongst the most floristically 

rich landscapes in NSW with many endemic, rare and threatened species known. At Torrington over 

forty five rare and threatened species are known including the Torrington beard-heath (Leucopogon 

confertus) including Torrington mint-bush (Prostanthera staurophylla sensu stricto) and the 

Torrington Pea (Almaleea cambagei). Endemic species know from Bolivia Hill include Bolivia 

stringybark (Eucalyptus boliviana), Bolivia wattle (Acacia pycnostachya), Bolivia Hill boronia (Boronia 

boliviensis), Bolivia homoranthus (H. croftianus), Bolivia Hill riceflower (Pimelea venosa) (Clarke et al. 

1998a; OEH 2011). Other Threatened Species restricted to the BRG region include the Endangered 

Rock of Gibraltar apple (Angophora exul) and the braid fern (Platyzoma microphylla). Many of these 

plant species occur in small populations or occupy very narrow ranges; as a result they are 

vulnerable to many threatening processes including vertebrate pests, inappropriate fire regimes, 

stochastic events and climate change. 

 

Within the BRG region there are fourteen Endangered Ecological Communities and two Critically 

Endangered Ecological Communities listed under the NSW Threatened Species Conservation Act 

1995 (TSC Act, 1995) that are known or predicted to occur (OEH data), as well as six Endangered 

Ecological Communities and three Critically Endangered Ecological Communities (Table 3) listed 

under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC 

Act, 1999). 
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Table 2: NSW and Commonwealth listed Threatened Species known and predicted to occur in the 

BRG region (NSW TSC Act, 1995 & Commonwealth EPBC Act, 1999) 

Threatened Plants of the Border Rivers-Gwydir Region 

Common name Scientific Name 
Conservation Status 

Occurrence 
NSW Status 

Commonwealth 
Status 

Acalypha Acalypha eremorum Endangered 
 

Known 

Austral toadflax Thesium australe Vulnerable Vulnerable Known 

Backwater grevillea 
Grevillea scortechinii subsp. 
sarmentosa Vulnerable 

 
Known 

Bailey's indigo Indigofera baileyi Endangered 
 

Known 

Barrington tops ant 
orchid Chiloglottis platyptera Vulnerable 

 
Known 

Beadle's grevillea Grevillea beadleana Endangered Endangered Known 

Belson's panic Homopholis belsonii Endangered Vulnerable Known 

Binghi homoranthus Homoranthus binghiensis Endangered 
 

Known 

Blackbutt candlebark 
Eucalyptus rubida subsp. 
barbigerorum Vulnerable Vulnerable Known 

Bluegrass Dichanthium setosum Vulnerable Vulnerable Known 

Bolivia hill boronia Boronia boliviensis Endangered 
 

Known 

Bolivia hill pimelea Pimelea venosa Endangered Endangered Known 

Bolivia homoranthus Homoranthus croftianus Endangered 
 

Known 

Bolivia stringybark Eucalyptus boliviana Vulnerable 
 

Known 

Bolivia wattle Acacia pycnostachya Vulnerable Vulnerable Known 

Braid fern Platyzoma microphyllum Endangered 
 

Known 

Callistemon pungens Callistemon pungens 
 

Vulnerable Known 

Creeping tick-trefoil Desmodium campylocaulon Endangered 
 

Known 

Crescent-leaved 
homoranthus Homoranthus lunatus Vulnerable Vulnerable Known 

Cyperus conicus Cyperus conicus Endangered 
 

Known 

Desert cow-vine Ipomoea diamantinensis Endangered 
 

Known 

Finger panic grass Digitaria porrecta Endangered 
 

Known 

Gibraltar rock apple Angophora exul Endangered 
 

Known 

Granite boronia Boronia granitica Vulnerable Endangered Known 

Granite homoranthus Homoranthus prolixus Vulnerable Vulnerable Known 

Grove's paperbark Melaleuca groveana Vulnerable 
 

Known 

Hairy jointgrass Arthraxon hispidus Vulnerable Vulnerable Known 

Hawkweed Picris evae Vulnerable Vulnerable Known 

Heath wrinklewort Rutidosis heterogama Vulnerable Vulnerable Known 
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Inverell cycad Macrozamia humilis Endangered 
 

Known 

Keith's zieria Zieria ingramii Endangered Endangered Known 

Lake keepit hakea Hakea pulvinifera Endangered Endangered Known 

Large-leafed 
Monotaxis Monotaxis macrophylla Endangered 

 
Known 

Macnutt's wattle Acacia macnuttiana Vulnerable Vulnerable Known 

Mckie's stringybark Eucalyptus mckieana Vulnerable Vulnerable Known 

Myall creek wattle Acacia atrox Endangered 
 

Known 

Narrow-leaved black 
peppermint Eucalyptus nicholii Vulnerable Vulnerable Known 

Narrow-leaved 
Guinea flower Hibbertia tenuifolia Endangered 

 
Predicted 

Native milkwort Polygala linariifolia Endangered 
 

Known 

Northern blue box Eucalyptus magnificata Endangered 
 

Known 

Ooline Cadellia pentastylis Vulnerable Vulnerable Known 

Ovenden's ironbark 
Eucalyptus caleyi subsp. 
ovendenii Vulnerable Vulnerable Known 

Pindari wattle Acacia acrionastes Endangered 
 

Known 

Pine donkey orchid Diuris tricolor Vulnerable 
 

Known 

Polblue eyebright Euphrasia ciliolata Vulnerable 
 

Known 

Prasophyllum sp. 
Wybong Prasophyllum sp. Wybong 

 

Critically 
Endangered Known 

Rodd's star hair Astrotricha roddii Endangered Endangered Known 

Rulingia procumbens Rulingia procumbens Vulnerable Vulnerable Known 

Rupp's boronia Boronia ruppii Endangered 
 

Predicted 

Rusty desert 
phebalium 

Phebalium glandulosum 
subsp. eglandulosum Endangered Vulnerable Known 

Scant pomaderris Pomaderris queenslandica Endangered 
 

Known 

Scrambling lignum Muehlenbeckia costata Vulnerable 
 

Known 

Severn river heath-
myrtle Micromyrtus grandis Endangered Endangered Known 

Shrub sida Sida rohlenae Endangered 
 

Known 

Silky Swainson-pea Swainsona sericea Vulnerable 
 

Known 

Slender darling pea Swainsona murrayana Vulnerable Vulnerable Known 

Small snake orchid Diuris pedunculata Endangered Endangered Known 

Spiny peppercress Lepidium aschersonii Vulnerable Vulnerable Known 

Tenterfield eyebright 
Euphrasia orthocheila 
subsp. peraspera Endangered 

 
Known 

Torrington beard-
heath Leucopogon confertus Endangered Endangered Known 

Torrington mint-bush 
Prostanthera staurophylla 
sensu stricto Endangered Vulnerable Known 
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Torrington pea Almaleea cambagei Endangered Vulnerable Known 

Tylophora linearis Tylophora linearis Vulnerable Endangered Known 

Velvet wattle Acacia pubifolia Endangered Vulnerable Known 

Wallangarra white 
gum Eucalyptus scoparia Endangered Vulnerable Known 

Wandering pepper 
cress Lepidium peregrinum Endangered Endangered Known 

Warra broad-leaved 
Sally 

Eucalyptus camphora 
subsp. relicta Endangered 

 
Known 

Wild orange Capparis canescens Endangered 
 

Known 

Wollemi mint-bush 

Prostanthera 
cryptandroides subsp. 
cryptandroides Vulnerable Vulnerable Predicted 

Yetman wattle Acacia jucunda Endangered 
 

Known 

 

Threatened Animals of the Border Rivers-Gwydir Region 

Common Name Scientific Name 
Conservation Status 

Occurrence NSW Status Commonwealth 
Status 

Australasian bittern Botaurus poiciloptilus Endangered Endangered Known 

Australian brush-
turkey  

Alectura lathami - 
endangered population 

Endangered 
Population 

 Known 

Australian bustard Ardeotis australis Endangered  Known 

Australian painted 
snipe 

Rostratula australis Endangered Endangered Known 

Barking owl Ninox connivens Vulnerable  Known 

Beccari's freetail-bat Mormopterus beccarii Vulnerable  Known 

Bell's turtle Elseya belli Vulnerable Vulnerable Known 

Bilby Macrotis lagotis Presumed 
Extinct 

Vulnerable Known 

Black falcon Falco subniger Vulnerable  Known 

Black-breasted 
Buzzard 

Hamirostra melanosternon Vulnerable  Known 

Black-chinned 
Honeyeater (eastern 
subspecies) 

Melithreptus gularis gularis Vulnerable  Known 

Black-necked stork Ephippiorhynchus asiaticus Endangered  Known 

Black-striped wallaby Macropus dorsalis Endangered  Known 

Black-throated finch 
(southern subspecies) 

Poephila cincta cincta Endangered Endangered Known 

Blue-billed duck Oxyura australis Vulnerable  Known 

Booroolong frog Litoria booroolongensis Endangered Endangered Known 

Border thick-tailed Underwoodisaurus sphyrurus Vulnerable Vulnerable Known 
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Gecko 

Bristle-faced free-
tailed bat, hairy-
nosed freetail bat 

Mormopterus eleryi Endangered  Known 

Brolga Grus rubicunda Vulnerable  Known 

Brown treecreeper 
(eastern subspecies) 

Climacteris picumnus 
victoriae 

Vulnerable  Known 

Brush-tailed 
phascogale 

Phascogale tapoatafa Vulnerable  Known 

Brush-tailed rock-
wallaby 

Petrogale penicillata Endangered Vulnerable Known 

Bush stone-curlew Burhinus grallarius Endangered  Known 

Comb-crested jacana Irediparra gallinacea Vulnerable  Known 

Corben's long-eared 
bat 

Nyctophilus corbeni Vulnerable Vulnerable Known 

Cotton pygmy-goose Nettapus coromandelianus Endangered  Known 

Curlew sandpiper Calidris ferruginea Endangered  Known 

Delicate mouse Pseudomys delicatulus Endangered  Known 

Diamond firetail Stagonopleura guttata Vulnerable  Known 

Dunmall's snake Furina dunmalli  Vulnerable Known 

Eastern bentwing-bat Miniopterus schreibersii 
oceanensis 

Vulnerable  Known 

Eastern cave bat Vespadelus troughtoni Vulnerable  Known 

Eastern false 
pipistrelle 

Falsistrellus tasmaniensis Vulnerable  Known 

Eastern grass owl Tyto longimembris Vulnerable  Known 

Eastern hare-wallaby Lagorchestes leporides Presumed 
Extinct 

Extinct Known 

Eastern pygmy-
possum 

Cercartetus nanus Vulnerable  Predicted 

Five-clawed worm-
skink 

Anomalopus mackayi Endangered Vulnerable Known 

Flame robin Petroica phoenicea Vulnerable  Known 

Flock bronzewing Phaps histrionica Endangered  Known 

Freckled duck Stictonetta naevosa Vulnerable  Known 

Giant dragonfly Petalura gigantea Endangered  Predicted 

Glandular frog Litoria subglandulosa Vulnerable  Known 

Glossy black-cockatoo Calyptorhynchus lathami Vulnerable  Known 

Golden-tipped bat Kerivoula papuensis Vulnerable  Known 

Gould's mouse Pseudomys gouldii Presumed 
Extinct 

Extinct Known 

Greater broad-nosed 
Bat 

Scoteanax rueppellii Vulnerable  Known 

Green and golden bell 
frog 

Litoria aurea Endangered Vulnerable Known 
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Grey falcon Falco hypoleucos Endangered  Known 

Grey-crowned 
babbler (eastern 
subspecies) 

Pomatostomus temporalis 
temporalis 

Vulnerable  Known 

Grey-headed flying-
fox 

Pteropus poliocephalus Vulnerable Vulnerable Known 

Hoary wattled bat Chalinolobus nigrogriseus Vulnerable  Known 

Hooded robin (south-
eastern form) 

Melanodryas cucullata 
cucullata 

Vulnerable  Known 

Koala Phascolarctos cinereus Vulnerable Vulnerable Known 

Large-eared pied bat Chalinolobus dwyeri Vulnerable Vulnerable Known 

Little eagle Hieraaetus morphnoides Vulnerable  Known 

Little lorikeet Glossopsitta pusilla Vulnerable  Known 

Little pied bat Chalinolobus picatus Vulnerable  Known 

Magpie goose Anseranas semipalmata Vulnerable  Known 

Masked owl Tyto novaehollandiae Vulnerable  Known 

New Holland mouse Pseudomys novaehollandiae  Vulnerable Known 

Painted honeyeater Grantiella picta Vulnerable  Known 

Pale imperial 
hairstreak 

Jalmenus eubulus Critically 
Endangered 

 Known 

Pale-headed snake Hoplocephalus bitorquatus Vulnerable  Known 

Powerful owl Ninox strenua Vulnerable  Known 

Red-tailed black-
cockatoo (inland 
subspecies) 

Calyptorhynchus banksii 
samueli 

Vulnerable  Known 

Regent honeyeater Anthochaera phrygia Critically 
Endangered 

Endangered Known 

Rufous bettong Aepyprymnus rufescens Vulnerable  Predicted 

Scarlet robin Petroica boodang Vulnerable  Known 

Sloane's froglet Crinia sloanei Vulnerable  Known 

Sooty owl Tyto tenebricosa Vulnerable  Known 

Southern myotis Myotis macropus Vulnerable  Known 

Speckled warbler Chthonicola sagittata Vulnerable  Known 

Spotted harrier Circus assimilis Vulnerable  Known 

Spotted-tailed quoll Dasyurus maculatus Vulnerable Endangered Known 

Square-tailed kite Lophoictinia isura Vulnerable  Known 

Squatter pigeon Geophaps scripta Endangered Vulnerable Known 

Squirrel glider Petaurus norfolcensis Vulnerable  Known 

Stripe-faced dunnart Sminthopsis macroura Vulnerable  Known 

Stuttering frog Mixophyes balbus Endangered Vulnerable Predicted 

Swift parrot Lathamus discolor Endangered Endangered Known 
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Turquoise parrot Neophema pulchella Vulnerable  Known 

Tusked frog  Adelotus brevis - endangered 
population 

Endangered 
Population 

 Known 

Varied sittella Daphoenositta chrysoptera Vulnerable  Known 

White-fronted chat Epthianura albifrons Vulnerable  Known 

Wompoo fruit-dove Ptilinopus magnificus Vulnerable  Predicted 

Yellow-bellied glider Petaurus australis Vulnerable  Known 

Yellow-bellied 
sheathtail-bat 

Saccolaimus flaviventris Vulnerable  Known 

Yellow-spotted tree 
frog 

Litoria castanea Critically 
Endangered 

Endangered Known 

Zigzag velvet gecko Oedura rhombifer Endangered  Known 

 

Table 3: NSW and Commonwealth listed Ecological Communities known and predicted to occur in the 

BRG region (NSW TSC Act, 1995 & Commonwealth EPBC Act, 1999) 

Endangered Ecological Communities of the Border Rivers-Gwydir Region 

Scientific Name 
Conservation Status 

Occurrence 
NSW Status Commonwealth 

(EPBC) Status 

Brigalow  Endangered Ecological 
Community 

Endangered Known 

Cadellia pentastylis (Ooline)   Endangered Ecological 
Community 

 Known 

Carbeen Open Forest  Endangered Ecological 
Community 

 Known 

Carex Sedgeland  Endangered Ecological 
Community 

 Known 

Coolibah-Black Box Woodland  Endangered Ecological 
Community 

Endangered Known 

Fuzzy Box Woodland  Endangered Ecological 
Community 

 Known 

Howell Shrublands  Endangered Ecological 
Community 

 Known 

Inland Grey Box Woodland  Endangered Ecological 
Community 

Endangered Known 

Marsh Club-rush Sedgeland  Critically Endangered 
Ecological Community 

 Known 

McKies Stringybark/Blackbutt Open 
Forest 

Endangered Ecological 
Community 

 Known 

Myall Woodland Endangered Ecological 
Community 

Endangered Known 

Natural grasslands on basalt and fine-
textured alluvial plains of northern New 
South Wales and southern Queensland 

 Critically 
Endangered  

Known 

New England Peppermint (Eucalyptus 
nova-anglica) Woodland 

Critically Endangered 
Ecological Community 

Critically 
Endangered 

Known 

Ribbon Gum-Mountain Gum-Snow Gum Endangered Ecological  Known 
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Grassy Forest/Woodland  Community 

Semi-evergreen Vine Thicket Endangered Ecological 
Community 

Endangered Known 

Upland Wetlands Endangered Ecological 
Community 

Endangered Known 

White Box Yellow Box Blakely's Red 
Gum Woodland 

Endangered Ecological 
Community 

Critically 
Endangered 

Known 
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6. VEGETATION COMMUNITY AND FLORA SURVEYS OF THE BRG 

REGION 

 

The first recorded European to traverse the Northern Tablelands was the Surveyor General John 

Oxley on his expedition of 1818 The botanist Alan Cunningham accompanied Oxley on this 

expedition, travelling from the Warrumbungle Range through the Pilliga Scrub, across the Liverpool 

Plains and crossing the New England Tableland to arrive at Port Macquarie on the coast. Oxley 

described the landscapes and vegetation he encountered on this expedition (Oxley 1820). 

 

Later, in 1827, Cunningham returned to the region, traversing the Liverpool Plans and travelling 

through the Bingara, Warialda and Yetman districts. His notes on the fertility and agricultural 

potential of the landscape lead to rapid European colonisation and the introduction of domestic 

stock (Cunningham 1825). This led to rapid degradation and massive erosion of many landscapes and 

caused substantial early modification of native vegetation communities across the region. 

 

A limited number of botanical explorations and publications relating to the BRG region were made 

during the early 1900s (Maiden 1906; Maiden & Betche 1908) and the botanical surveys of Cambage 

across the region (Cambage 1904, 1908, 1912). Publications containing mapping and detailed 

floristic descriptions of the vegetation of the BRG region did not commence until the 1960s, when 

botanists and students from the University of New England (UNE) began undertaking detailed 

botanical investigations of many parts of the region. These early botanical investigations were led by 

Professor J.B. Williams, who continued his detailed botanical investigations until the turn of the 

millennium (Williams 1969, 1972, 1991, 1992, 1994, 1998; Williams & Wissmann 1991). Professor 

Williams taught and inspired the work of many of the contemporary botanical experts studying the 

vegetation of the BRG region. 

 

In more recent times botanical investigations have been completed in various conservation reserves 

(publicly and privately owned as well as Indigenous Protected Area) as well as Crown Lands, State 

Forests and privately-owned native vegetation (Roberts 1983,1992; Hunter & Williams 1994; Hunter 

1995, 1997a, b, c, 1998a, b, 2003, 2006a, b, 2009a, b, c, d, e, f, g, h, I, j, k, 2010, 2011b, 2012a, b, c;  

Hunter & Bruhl 1996; Hunter et al. 1996, 1998; Richards 1996; Richards & Hunter 1997). Many of 

these investigations have been completed by academics associated with UNE, (notably Dr John 

Hunter) and plant ecologists, botanists and other researchers associated with the Royal Botanic 

Gardens (RBG), notably Dr John Benson and results published across several volumes of 

Cunninghamia. The vegetation of the Guyra 1:100000 mapsheet was surveyed and the conservation 

status of vegetation communities elucidated by Benson and Ashby (1999); this work forming a 

precursor and important component in the BRG region of the NSW Statewide Vegetation 

Classification and Assessment Database VCA project managed by the RBG (Benson 2006, 2008; 

Benson et al. 2006, 2010) 
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In 1999 the NSW Government commenced a bioregional assessment of the Brigalow Belt South and 

Nandewar Bioregions involving extensive and intensive plot-based sampling of native vegetation 

within most areas of public land across the BRG region. This culminated in the Western Regional 

Forest Agreement and resulted in the dedication of many areas of public land as State Conservation 

Areas (RACAC, 2004).  

 

In still more recent times a number of statewide and regionally vegetation classifications have been 

adopted (Keith 2004; Benson et al. 2010). These vegetation classifications describe distinct 

vegetation formations, subformations, classes, communities and associations that occur within the 

BRG region. From this work it is clear that the BRG region supports an incredible diversity of 

vegetation communities, many either limited to the region, or as broader vegetation classes 

occurring exclusively in NSW within the region. Examples of vegetation classes that are endemic, 

mostly confined to, or with the largest remaining areas in NSW occurring in the BRG region include 

Brigalow Clay Plain Woodlands, North-west Alluvial Sand Woodlands, Semi-arid Floodplain 

Grasslands and Yetman Dry Sclerophyll Forests. Many finer-scale vegetation communities and 

associations are known to be restricted or mostly limited to the BRG region for example Carbeen 

Open Forest, Ooline Dry Rainforest, Howell Shrublands and Marsh Club-rush Sedgeland (Table 3). 

The conservation and future of these communities depends entirely on sympathetic and appropriate 

management within the BRG region (Benson et al. 2010). 
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Table 1: Vegetation Formations and Classes (Keith) occurring in the Border RiversςGwydir region  

VEGETATION FORMATION KEITH VEGETATION CLASS 

ARID SHRUBLANDS 
ACACIA SUBFORMATION 
1 vegetation community 

¶ North-west Plain Shrublands 

CHENOPOD SUBFORMATION 
4 vegetation communities 

¶ Riverine Chenopod Shrublands 

SEMI-ARID WOODLANDS 
GRASSY SUBFORMATION 
9 vegetation communities 

¶ North-west Floodplain Woodlands 

¶ Riverine Plain Woodlands 

¶ Brigalow Clay Plain Woodlands 

SHRUBBY SUBFORMATION 
7 vegetation communities 

¶ Western Peneplain Woodlands 

¶ Subtropical Semi-arid Woodlands 

¶ North-west Alluvial Sand Woodlands 

DRY SCLEROPHYLL FORESTS 
SHRUB/GRASS SUBFORMATION 
24 vegetation communities 

¶ New England Dry Sclerophyll Forests 

¶ Northern Gorge Dry Sclerophyll Forests 

¶ North-west Slopes Dry Sclerophyll Woodlands 

¶ Pilliga Outwash Dry Sclerophyll Forests 

SHRUBBY SUBFORMATION 
35 vegetation communities 

¶ Northern Escarpment Dry Sclerophyll Forests 

¶ Northern Tableland Dry Sclerophyll Forests 

¶ Western Slopes Dry Sclerophyll Forests 

¶ Yetman Dry Sclerophyll Forests 

HEATHLANDS 
3 vegetation communities 

¶ Northern Montane Heaths 

FORESTED WETLANDS 
5 vegetation communities 

¶ Eastern Riverine Forests 

¶ Inland Riverine Forests 

FRESHWATER WETLANDS 
14 vegetation communities 

¶ Montane Bog and Fens 

¶ Montane Lakes 

¶ Inland Floodplain Shrublands 

¶ Inland Floodplain Swamps 

GRASSLANDS 
13 vegetation communities 

¶ Semi-arid Floodplain Grasslands 

¶ Temperate Montane Grasslands 

¶ Western Slopes Grasslands 

GRASSY WOODLANDS 
27 vegetation communities 

¶ Western Slopes Grassy Woodlands 

¶ Subalpine Woodlands 

¶ New England Grassy Woodlands 

¶ Tableland Clay Grassy Woodlands 

¶ Floodplain Transition Woodlands 

WET SCLEROPHYLL FORESTS 
SHRUBBY SUBFORMATION 
4 vegetation communities 

¶ Northern Escarpment Wet Sclerophyll Forests 

GRASSY SUBFORMATION 
7 vegetation communities 

¶ Northern Tableland Wet Sclerophyll Forests 

¶ Northern Hinterland Wet Sclerophyll Forests 

RAINFORESTS 
6 vegetation communities 

¶ Northern Warm Temperate Rainforests 

¶ Dry Rainforests 

¶ Western Vine Thickets 

(OEH, nd; Benson et al. 2010 ) 
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7. VEGETATION COMMUNITIES OF THE BRG REGION 

 

The Border Rivers and Gwydir Rivers arise at an elevation of approximately 1400 m and 1500 m 

respectively at the crest of the Great Dividing Range (upper tributaries of the Horton River also begin 

at elevations in excess of 1400 m near the peak of Mt Kaputar). The Gwydir River then flows almost 

700 km to the confluence with the Barwon River to the east of Collarenebri (Figure 2). The 

catchment is composed of three distinct landscapes: tablelands, slopes and plains. Sections of four 

bioregions are contained within the BRG region. From east to west they are New England Tableland, 

Nandewar, Brigalow Belt South and Darling Riverine Plains. The great diversity of landscapes, 

substrates, soils types and climatic conditions in the BRG region generates the conditions for the 

existence of an exceptional diversity of native vegetation communities. 

 

The NSW Office of Environment and Heritage (OEH, nd) determined that 157 Regional Vegetation 

Communities (RVCs) occur within the BRG region. These 157 RVCs align with 37 State (Keith) 

vegetation classes and 14 formations or subformations (Table 1).  Of these 37 classes, 16 align with 

Final Determinations for listing as Endangered Ecological Communities (Table 2) under the NSW 

Threatened Species Conservation Act (1995), a further 8 are listed as Threatened Ecological 

Communities (Table 3) under the Commonwealth Environmental Protection and Biodiversity 

Conservation Act (1999). 

 

VEGETATION CLASSES OF LIMITED EXTENT OF OCCURRENCE IN THE 

BRG REGION 

 

Several classes of vegetation identified as occurring within the BRG region by OEH (2011) are of 

limited extent. This includes Northern Gorge Dry Sclerophyll Forests and Northern Hinterland Wet 

Sclerophyll Forests (both possibly limited to very small areas east and southeast of Tenterfield), 

Northern Escarpment Wet Sclerophyll Forests (limited to relatively small areas in the Northeast 

Forest Lands subregion), Northern Warm Temperate Rainforests (limited to several gullies at the 

headwaters of the Deepwater River within Capoompeta National Park, Dry Rainforest (limited to 

small patches in ravines along the Nandewar and Kaputar Ranges), North-west Plain Shrublands 

(limited to small areas dominated by leopardwood on the Barwon and Gwydir plains) and Western 

Slopes Grassland (limited to small patches in the southern central sections of the BRG region).  
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8. THE VEGETATION OF THE BRG REGION 
 

 
Benson et al. (2010) describe the location, size and the vegetation communities that occur in the 
BRG region, in particular in the Brigalow Belt South, Nandewar and western New England Tableland 
bioregions. The BRG region includes part of four bioregions spanning from rainforests to Arid 
Shrublands. Benson et al. (2010) and OEH (nd) have described the vegetation of the BRG region and 
delineated vegetation units at a finer scale than the formations and classes which are recognised for 
New South Wales (Keith 2004, Table 1).  
 
This includes 157 regional vegetation communities (RVCs). Many Keith classes present in the BRG 
region are represented by numerous RVCs with the largest diversity within the Dry Sclerophyll 
Forests (59), Grassy Woodlands (27), Semi-arid Woodlands (16), Freshwater Wetlands (14) and 
Grasslands (13). 
 
The literature on fire within different vegetation types is heavily biased towards particular 
vegetation formations and, in some cases, particular classes within a vegetation formation. 
Literature is very limited for some formations and classes. This literature review focuses on those 
vegetation types which occupy the largest areas and are represented by the most RVCs in the region. 
Hence, literature is reviewed for Dry Sclerophyll Forests, Grassy Woodlands, Semi-arid Woodlands, 
Grasslands (which together represent a total of 115 RVCs) and also Wet Sclerophyll Forests and 
Heathlands (because the literature is either relative large or particularly informative for these two 
formations). Rainforests are also briefly considered. The review starts with Grasslands (because the 
understorey of Grassy Woodlands often includes many Grassland species) and then moves to Grassy 
Woodlands. Systems that include prominent tree and/or shrub layers are then reviewed (Forests and 
Heaths). 
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i. FIRE IN GRASSLANDS 
 
Extensive natural Grasslands were a prominent feature of the pre-European vegetation of the BRG 
region (Keith 2004; Benson et al. 2010). These vegetation communities are considered to have 
contained isolated, or no, trees and shrubs (Benson 1994; Keith 2004). Natural Grasslands mostly 
occupied higher fertility and flatter landscapes that have been extensively converted to cropping or 
grazing uses (Keith 2004; Prober & Thiele 2006). 
 
The structural and floristic composition of the natural Grasslands of the BRG region varies widely as 
a result of the interplay between climate, fire, landscape productivity and altitudinal influences. 
Most natural Grasslands in the BRG region have a high proportion of exotic plants and few, if any, 
are free of weeds. Within the BRG region all the Temperate Montane Grassland communities and 
most Western Slopes Grassland communities are critically fragmented and reduced to highly 
degraded and widely scattered remnants (Benson 1997; Benson & Ashby 2000; Benson et al. 2010). 
Whilst Semi-arid Floodplain Grasslands and variants in the BRG region are slightly more intact and 
extensive than the more easterly and higher elevation Grassland types, they are still critically 
fragmented and very poorly reserved. Most native Grasslands in the BRG fall under the definition of 
the CritiŎŀƭƭȅ 9ƴŘŀƴƎŜǊŜŘ 9ŎƻƭƻƎƛŎŀƭ /ƻƳƳǳƴƛǘȅ άNatural Grasslands on basalt and fine-textured 
alluvial plains of northern New South Wales and southern Queenslandέ ƭƛǎǘŜŘ ǳƴŘŜǊ ǘƘŜ 9t./ !ŎǘΦ 
This determination includes elements of all 3 native Grassland (Keith) classes in the BRG region. 
 
Because of their extensive use for livestock grazing purposes, native Grasslands in the BRG region 
have been the subject of research focusing on these management outcomes. Notable examples of 
management-focused research for the BRG region include Lodge & Whalley (1989), who provided a 
description, review and bibliography of native Grasslands of the tablelands and slopes, and Nadolny 
et al. (2009), who provided advice on conservation and grazing management issues associated with 
native Grasslands to the BRG Catchment Management Authority. The Grasslands of the Moree Plains 
have been studied by McGann & Earl (1999) who sampled, classified and described several Grassland 
communities occurring in this landscape, all variants of the Semi-arid Floodplain Grassland class, 
whilst Clarke et al. (1998b) undertook a detailed survey of native Grasslands within Kirramingly 
Nature Reserve, the largest (and only) reserved patch of the Mitchell grass/Queensland bluegrass 
community in NSW (NPWS, 2003). 
 
OEH (nd) and Benson et al. 2010 identified 13 regional vegetation classes (RVCs) of Grasslands for 
the BRG region. These comprise three Keith classes (Temperate Montane Grassland; Western Slopes 
Grassland; Semi-arid Floodplain Grassland ς Keith 2004). At the state scale, Keith has mapped 
relatively small areas of the Temperate Montane Grasslands in northern New South Wales between 
Guyra and Tingha (with a large area in the Monaro). The Western Slopes Grasslands are mapped as 
occupying a limited area of the southern central portion of the region, whilst the Semi-arid 
Floodplain Grasslands occur more extensively across the north-west. These Grasslands occur across 
very different landscapes with differing dominant grasses (Themeda australis/Poa 
labillarderi/Austrodanthonia caespitosa; Aristida leptopoda/Austrostipa aristiglumis; Astrebla 
leptopoda respectively). The fire ecology literature is not evenly spread among these Grassland types 
(see below), thus the fire ecology of Australian Grasslands is discussed in general and then 
considered for these specific Grassland classes.  
 
A substantial literature on the fire ecology of south-east Australian Grasslands exists (e.g. Stuwe & 
Parsons 1977; Morgan 1997,1998a, b, c, d, 1999; Lunt 1995, 1997a; Lunt & Morgan 1999a, b; Verrier 
& Kirkpatrick 2005). This literature is largely based on studies of Themeda australis dominated 
Grasslands from southern Victoria, Tasmania and the southern New South Wales ranges and slopes. 
However, Grasslands do share a number of consistent ecological traits, even among continents (see 
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hΩ/ƻƴƴƻǊ мффмύ ŀƴŘ ǘƘŜ ŦƛǊŜ ŜŎƻƭƻƎȅ ƻŦ ǘƘŜǎŜ ǎƻǳǘƘŜǊƴ Themeda Grasslands is therefore an 
important body of literature. 
 
A key feature of many Grassland systems is that they are dynamic at relatively short time scales. In 
studied Victorian Themeda australis Grasslands Themeda grows rapidly post-fire (Morgan 1996; Lunt 
1997a) to eliminate gaps among Themeda tussocks within three years. The diversity of the system is 
largely due to the diversity of forbs that grow in these tussock gaps. When burnt, many of the 
Grassland forbs that exist in these tussock gaps also resprout and then flower at higher rates (Lunt 
1990, 1994; Morgan 1996). These species then produce seed which is generally non-dormant (Willis 
and Groves 1991; Lunt 1995, 1996; Morgan 1998b) and they colonise available gaps, provided post-
fire conditions such as rainfall are favourable (Hitchmough et al. 1996; Morgan 1997; 1998b, 2001). 
Hence, Lunt and Morgan (1999a) document significant vegetation change in a Themeda Grasslands 
after a 11 year fire free period (which corresponds to a loss of forb species and a predicted probable 
decline in the non-dormant fraction of the seed bank). 
 
This time since fire effects are also likely to interact with the spatial scale of a fire because seed 
dispersal capacity may be a limiting factor for some species (Lunt & Morgan 1999a). Hence 
completely unburnt sites (i.e. large sites completely unburnt or small isolated long unburnt sites) 
appear difficult to restore from the seed bank by burning alone (Lunt & Morgan 1999a; Morgan 
1999). These sites are likely to have exhausted the seed bank of non-dormant seeds. However, at 
least some of the forb species in these Grasslands employ a counter-intuitive life history strategy. 
Rather than being small short lived highly dispersive species, some employ a persistence strategy 
(Bond & Midgley 2001). Seedling establishment appears to be a relatively rare event in these 
Themeda Grasslands but it is generally associated with fire (Morgan 1998d: Morgan 2001). Thus, life 
time fitness (total off-spring from an individual) is related to survivorship through time to maximize 
reproductive opportunity when a fire event occurs. 
 
Frequent fire (intervals of a few years) thus appears to be an important management goal to 
maintain diversity in the studied Themeda Grassland systems. However, the dominating role of 
Themeda in these systems means that factors that affect its persistence at a site are also important. 
Watson (2005) in Grassy Woodland near Sydney found that Themeda dominated the ground layer in 
sites burnt at least once a decade but not in sites which had more than 20 years between the last 
two fires. Watson (2007) also reviewed literature relevant to the health and persistence of Themeda. 
This review found that long-unburnt sites or sites with infrequent fire had lower densities of 
Themeda in both Australian Grasslands and South African savanna compared to sites with frequent 
burns (based on Robertson 1985; Clarke 2003; Uys et al. 2004; Fynn et al. 2003; Prober and Thiele 
2005). This difference was attributed to less self-shading suppression of growth in burnt sites (based 
on Bond 1997; Morgan & Lunt 1999), the fact that fire removes mulch which otherwise prevents 
seedling regeneration (based on Morgan & Lunt 1999) and also that fire may provide seed 
germination cues (based on Baxter et al. 1994; Wood 2001). Basic physiological differences among 
grass speŎƛŜǎ όƛΦŜΦ Ƴŀƴȅ ƭƛƴŜŀƎŜǎ ƴŀǘƛǾŜ ǘƻ Ƙƻǘ ŀǊƛŘ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀǊŜ ά/п ƎǊŀǎǎŜǎέ ŀƴŘ ƎǊƻǿ ƳƻǊŜ 
ŜŦŦŜŎǘƛǾŜƭȅ ƛƴ ŘǊȅ ŎƻƴŘƛǘƛƻƴǎ ǘƘŀƴ ƻǘƘŜǊ ά/о ƎǊŀǎǎŜǎέύ Ƴŀȅ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŘƛŦŦŜǊŜƴǘ ŦƛǊŜ ǊŜǎǇƻƴǎŜǎ 
ŀƳƻƴƎ ƎǊŀǎǎ ǎǇŜŎƛŜǎΦ ¢Ƙǳǎ ²ŀǘǎƻƴ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ άǎǳƳƳŜǊ-growing C4 grasses such as Themeda 
use water more efficiently and have lower nutrient requirements than all-season and winter-
growing C3 grasses like Microlaena stipoides, Poa and Austrodanthonia species (Ojima et al. 1994; 
Nadolny et al. 2003), and these characteristics may give C4 species a competitive advantage in a 
frequently burnt environment (Fynn et al. 2003). 
 
Watson (2007) also found compelling evidence that the competitiveness of Themeda may provide 
resilience to the Grassland systems it dominates in relation to weed invasion. This evidence comes 
from negative associations of weediness with Themeda (based on Morgan 1998d; Lunt and Morgan 
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1999b; Cole & Lunt 2005; Watson 2005) and also from studies that have investigated nitrogen levels 
and regulation in woodlands with a Themeda dominated ground layer (Prober et al. 2002b; Prober et 
al. 2005). Regeneration of Themeda combined with high frequency fire may thus regulate (reduce) 
the elevated nutrient status of weed infested sites and promote system resilience. However, there 
ƴŜŜŘǎ ǘƻ ōŜ ǎƻƳŜ Ŏŀǳǘƛƻƴ ŀǘǘŀŎƘŜŘ ǘƻ ƛǘǎ ǿƛŘŜǎǇǊŜŀŘ ŀǇǇƭƛŎŀǘƛƻƴ ŀǎ άƻǘƘŜǊ ǿŜŜŘ ǎǇŜŎƛŜǎ Ƴŀȅ ōŜ well 
ŜǉǳƛǇǇŜŘ ǘƻ ǘŀƪŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ ΨǎǘŀōƭŜ ƛƴǾŀǎƛƻƴ ǿƛƴŘƻǿΩ ǇǊƻǾƛŘŜŘ ōȅ ŦǊŜǉǳŜƴǘ ŦƛǊŜ όaƻǊƎŀƴ 
1998d; Setterfield et al. 2005). Concerns that this might apply to perennial grass species with high 
invasive potential such as Eragrostis curvula (African lovegrass), Nassella neesiana (Chilean Needle 
Grass) and Serrated Tussock (Nassella trichotoma), have been expressed (Stuwe 1994; Nadolny et al. 
2003, Marshall & Miles 2005). Yet there are examples of results (Lunt & Morgan 2000) and 
applications (Johnson 1999) of integrated strategies that included fire in the management of weed 
species in grassy systems. 
 
Research has also investigated the effect of grazing in these Grasslands. Specifically some 
researchers have investigated grazing impacts compared to vegetation removal and found that there 
are differences among these treatments (e.g. Verrier & Kirkpatrick 2005). More generally grazing has 
been associated with a decline in Themeda (Prober & Thiele 1995; Chilcott et al. 1997; Fensham 
1998; McIntyre et al. 2003; Dorrough et al. 2004). 
 
An informative study by Prober et al. (2007) investigated the interaction of fire frequency and 
grazing (native grazers and mowing) in two contrasting systems (one with a Themeda australis 
dominated ground layer and one with a Poa sieberiana dominated ground layer). Key conclusions 
were that: 1. Themeda was resilient to 4 and 8 year fire frequencies but declined with biennial 
burning under drought conditions; 2. Poa reduced in dominance (was replaced by Themeda) with 
high fire frequency; 3. Low frequency fire (up to 14 years fire free) did not lead to sward collapse of 
Themeda (possibly because of increased Poa abundance), and; 4. Grazing exclusion lead to increased 
tussock abundance and inflorescence production. They concluded that a system with mixed 
dominants (Themeda and Poa) is likely to have increased resilience in the face of varying fire 
frequencies and grazing pressures. 
 
Grasslands of the BRG region 
 
Temperate Montane Grasslands 
 
Temperate Montane Grasslands occur between 600 and 1500 m above sea level, and receive 
between 500 and 750 mm of rainfall each year. Composition varies with altitude, topography and 
soil type. In montane valleys on the New England Tableland small areas of snow grass-dominated 
Grassland occur in valleys subject to cold air drainage. These are now mainly cleared or heavily 
modified and are dominated by Poa labillardierei var. labillardierei, Pennisetum alopecuroides, Carex 
appressa and Poa sieberiana (Benson et al. 2010). 
 
Clay soils are generally dominated by the tussock grasses Themeda australis (Kangaroo Grass) and 
Poa sieberiana (Snowgrass), drainage lines are often filled with dense Poa labillardieri (Tussock), 
while the sandy clay loams formed from granite tend to be dominated by Austrostipa (Speargrass), 
Austrodanthonia (Wallaby Grass) or Bothriochloa (Red Grass) (Keith 2004). This latter community, or 
parts of it, may be a degraded form of the former, having lost its Themeda to grazing over time 
(Benson 1994; Marshall & Miles 2005; Wong et al. 2006). Amongst the tussock grasses which 
dominate Temperate Montane Grasslands grow forbs, including daisies, lilies, peas and orchids (Lunt 
et al. 1998; Keith 2004). Unfortunately, exotic grasses and forbs are also common (Benson 1994; 
Dorrough et al. 2004). Modification through the use of fertilizer and sowing of exotic herbs and 
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grasses has also been widespread (Benson 1994; Semple 1997). Remaining native species-dominated 
remnants are therefore a valuable conservation resource (Eddy et al. 1998). 
 
While little research has addressed the effects of fire in Temperate Montane Grasslands, fire-related 
ǾŜƎŜǘŀǘƛƻƴ ŘȅƴŀƳƛŎǎ ƛƴ ±ƛŎǘƻǊƛŀΩǎ ƭƻǿƭŀƴŘ Grasslands have been extensively studied. Many species in 
this ecosystem are the same as, or similar to, those found in Temperate Montane Grasslands. 
±ƛŎǘƻǊƛŀΩǎ Grasslands are dominated by Themeda australis, which is also an important component of 
Temperate Montane Grasslands (Eddy et al. 1998; Keith 2004; Dorrough et al. 2004; Gellie 2005). 
Between the tussocks formed by this species grow forbs and subdominant grasses (Tremont & 
McIntyre 1994; Kirkpatrick et al. 1995). 
 
Grass / forb dynamics. The need to consider the role of fire in conservation of temperate Grasslands 
first became salient through a study by Stuwe and Parsons in 1977. A comparison of three 
management regimes found that the patchy annual burning undertaken on railway reserves was 
associated with a higher richness of native plants than was grazing or fire exclusion. All sites were 
dominated by Themeda australis (this was a selection criterion), leading Stuwe and Parsons (1977) 
to hypothesise that the differences in species richness might be because regular firing of the rail 
sites prevented Themeda ŦǊƻƳ άŀǘǘŀƛƴƛƴƎ ƳŀȄƛƳǳƳ ǎƛȊŜ ŀƴŘ ǾƛƎƻǳǊΣέ ŘŜǇƻǎƛǘƛƴƎ ŀ ŘŜŜǇ ƭƛǘǘŜǊ ƭŀȅŜǊ 
and thus outcompeting smaller, less competitive herbaceous species. 
 
aƻǊŜ ǊŜŎŜƴǘ ǿƻǊƪ Ƙŀǎ ŎƻƴŦƛǊƳŜŘ ŀǎǇŜŎǘǎ ƻŦ {ǘǳǿŜ ŀƴŘ tŀǊǎƻƴΩǎ ǘƘŜƻǊȅΦ Themeda australis does 
indeed grow rapidly after fire (Morgan 1996; Lunt 1997b), so that by three years post-fire, gaps 
between Themeda ǘǳǎǎƻŎƪǎ ƛƴ ±ƛŎǘƻǊƛŀΩǎ ƭƻǿƭŀƴŘ Grasslands have mostly disappeared (Morgan 
1998a). A study by Lunt and Morgan (1999a) confirmed that species richness is significantly reduced 
in patches where Themeda is dense. Studies have found that forb seedlings need gaps to survive and 
grow (Hitchmough et al. 1996; Morgan 1997, 1998a), that regular burns can increase gap size 
(Henderson & Hocking in prep.), and that short inter-fire intervals are important for maintaining 
populations of adult interstitial species (Coates et al. 2006). 
 
However attempts to encourage native species through burning have been less successful. Lunt and 
Morgan (1999a) found that although intermittent burning in a previously-grazed Grassland reserve 
ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜ ƛƴ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎΣ Ƴƻǎǘ ŎƻƭƻƴƛǎŜǊǎ ǿŜǊŜ ΨǿŜŜŘȅΩ species ς 
native and exotic ς with wind-blown seeds. Morgan (1998b) found that fire frequency was not 
reflected in differences in species richness or vegetation composition in five Grasslands with 
different burning histories over the last 10 years. Results were more promising in a Grassland 
reserve managed with six burns over 17 years (Lunt & Morgan 1999b). Here, comparison with an 
ǳƴōǳǊƴǘ ŎƻƴǘǊƻƭ Ǉƭƻǘ ŦƻǳƴŘ ǘƘŀǘ ά¢ƘŜ ŦǊŜǉǳŜƴǘƭȅ ōǳǊƴǘ ȊƻƴŜ ǿŀǎ ŘƻƳƛƴŀǘŜŘ ōȅ ƴŀǘƛǾŜ ǎǇŜŎƛŜǎ όтн҈ 
cover) with relatively little cover of exotics (7%), whereas the rarely burnt zone was dominated by 
ŜȄƻǘƛŎ ǎǇŜŎƛŜǎ όпф҈ ŎƻǾŜǊύ ǿƛǘƘ Ƨǳǎǘ пл҈ ŎƻǾŜǊ ƻŦ ƴŀǘƛǾŜ ǎǇŜŎƛŜǎέ ό[ǳƴǘ ϧ aƻǊƎŀƴ мфффōύΦ 
 
The differences found in this last study appear to relate more to the effects of fire on Themeda 
(which are discussed below) than to encouragement of seedling establishment in native forbs. 
Seedling establishment appears to be a relatively rare event in productive temperate Grasslands. 
Morgan (1998d), who counted seedlings emerging eight months after a fire in a regularly-burnt 
Grassland remnant, found that only six native species had seedlings. A second study of recruitment 
patterns in four remnants (Morgan 2001) found few native seedlings over the four-year study 
period. However what native seedling recruitment there were, almost all occurred in sites which had 
been burnt, with virtually none in the absence of fire. 
 
Other studies point to an important characteristic of the great majority of native species in these 
Grasslands: they tend to rely on persistence of existing individuals, rather than on recruitment of 
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new individuals. Although there are some annual and biannual species, most are perennials, and all 
perennial species resprout after fire (Lunt 1990; Morgan 1996). Unlike many Heathland species, 
Grassland perennial forbs tend not to have a large permanent store of seed in the soil (Morgan 
1995a,b; 1998b). Many species germinate easily and rapidly, and are not inhibited by darkness 
(Willis & Groves 1991; Lunt 1995, 1996; Morgan 1998c), characteristics which imply that seedbanks 
will be rapidly depleted by germination. On the other hand, Grassland species almost all flower 
within the first year after a fire (Lunt 1990; Morgan 1996, 1999), and flowering effort for many forbs 
is concentrated in the first post-fire year, dropping considerably in year two (Lunt 1994). These 
species are therefore using the third strategy discussed in Section 1.2.2 for ensuring seed is available 
after a fire: creating seeds rapidly. Post-fire rainfall is also almost certainly an important determinant 
of recruitment success for Grassland species (Morgan 1998c, 2001). 
 
Maintaining matrix grass vigour. Research has shown that in many situations, fire plays a vital role 
in maintaining the vigour of the Grassland matrix species Themeda australis. Themeda dominated 
large areas of temperate Australia prior to European settlement (Prober & Thiele 1993; Nadolny et 
al. 2003; Prober & Thiele 2004), and in some places, continues to do so today. Research has also 
found that a healthy Themeda sward can, in turn, limit or reduce weed invasion; this is discussed in 
the next section. Studies from Grasslands and Grassy Woodlands are included in this and the 
following section. 
 
Both time-since-fire and fire frequency studies have documented a positive relationship between 
fire and Themeda. A decline in Themeda abundance and vigour with increasing time-since-fire has 
been noted by several researchers. Morgan and Lunt (1999) studied Themeda at various post-fire 
ages in a Grassland remnant near Melbourne. Numbers of tussocks, numbers of tillers per tussock, 
and numbers of inflorescences all declined with time since fire. Significant declines were first 
observed at five years post-fire. By 11 years without disturbance, almost all vegetative matter in 
tussocks was dead, and tussock numbers per unit area were half those in recently-burnt areas. Long-
unburnt tussocks were significantly slower to recover when a fire did finally occur, and had fewer 
tillers. Also in Victoria, Robertson (1985) found a decrease in the abundance of Themeda in unburnt 
woodland areas, while Microlaena stipoides (Weeping Grass) increased. Clarke (2003), working in 
Grassy Woodland near Sydney, found cover-abundance of Themeda was higher in recently-burnt 
than in unburnt sites. Similar responses have also been reported from South Africa, where some 
forms of Themeda triandra (synonym T. australisύ άōŜŎƻƳŜ ƳƻǊƛōǳƴŘ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŦƛǊŜέ ό.ƻƴŘ 
1997). 
 
Fire frequency studies have linked abundant Themeda australis to regular burning. In a Grassland 
reserve near Melbourne, Themeda density was three times as great in areas burnt six times in 17 
years, than in a control area which had had 17 years between fires (Lunt & Morgan 1999b). In Grassy 
Woodland near Sydney, Themeda dominated the ground layer in sites burnt at least once a decade, 
but not in sites with over 20 years between the last two fires (Watson 2005). Long-term experiments 
in South Africa, where Themeda is a common savannah grass, have also recorded considerably more 
Themeda in frequently than in infrequently or long-unburnt areas (Uys et al. 2004; Fynn et al. 2005). 
 
Why does fire maintain Themeda vigour? Periodic defoliation appears to prevent the self-shading 
which suppresses tiller production (Bond 1997; Morgan & Lunt 1999). Fire removes the thick mulch 
of dead material which prevents seedling regeneration (Morgan & Lunt 1999). Smoke may play a 
role in cuing seed germination in Themeda (Baxter et al. 1994; Wood 2001), although not all studies 
have found this to be the case (Clarke et al. 2000). Summer-growing C4 grasses such as Themeda use 
water more efficiently and have lower nutrient requirements than all-season and winter-growing C3 
grasses like Microlaena stipoides, Poa and Austrodanthonia species (Ojima et al. 1994; Nadolny et al. 




