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Scope of this review

This literature review forms part of a suite of materials thatspots aims to produce in eackgion

in which it works. Whilenost Hotspots products are targeted to landholders, literattegiews are
directed towards a professional audience. Their primary aim is to provide ecolbgiairound to
underpin and inform the messages about fire that Hotspots and local pifadditioners present. A
secondary aim is to offer a platform for discussion and debate on the ablfire in regional
vegetation types. In both cases we hope the outcome will be more informednfireagement for
biodiversity conservation.

This review considerstdrature relevant to a subset ofegetation classes in the Border Rivers
Gwydir region of New South Wales (NSW). It aims to help land and fire managers not only to
understand theimpacts of fire in the region, but also to place that understanding in aemwid
ecological contextCompanion documents covering the rial West, Hunter, Lachlan, Namoi,
Northern Rivers an&outhern Rivers regions aa¢so available (Watso2006 a, b 200AVatson and
Tierney 2009a,bGrahamet al.2012).

Fire affects differentplant and animal species differently, and fire regimes compatible with
biodiversity conservation vary widely between ecosystems (Bond 1997; Watson 2001; Bradstock
al. 2002; Kennet al. 2004). This document explores the role of fire in the vegetatiomé&tions of
Keith (2004). All vegetation formatisncovered in this review also occur the Namoi region
However the literature is limited for some vegetation formations and this is refleictdlis review.

Fire is also of limited occurrence in most \eed types thoughit can occur in Foreste@etlandg,
therefore wetlands are also nabnsidered in this review. The broad vegetation formations of Keith
(2004) can be furthesubdivided into classes (Table 1). Where literature permits, the fire ecofogy o
classes that occur ithe Border RversGwydir region are discussed (often there is no literature
available at theclasdevel or limited toonly one study).
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Table 1: Vegetation Formations and Classes (Keith) occurring in the Bordec¢ Bwedir region

VEGETATION FORMATION

KEITH VEGETATION CLASS

ARID SHRUBLANDS M North-west Plain Shrublands
ACACIA SUBFORMATION

1 vegetation community

CHENOPOBUBFORMATION 1 Riverine Chenopod Shrublands

4 vegetation communities

SEMIARID WOODLANDS 1 North-west Floodplain Woodlands
GRASSY SUBFORMATION 1 Riverine Plain Woodlands
9 vegetation communities 9 Brigalow Clay Plain Woodlands
SHRUBBY SUBFORMATION 1 Western Peneplain Woodlands
7 vegetationcommunities {1 Subtropical Servarid Woodlands
9 North-west Alluvial Sand Woodlands
DRY SCLEROPHYLL FORE 1 New England Dry Sclerophyll Forests
SHRUB/GRASS SUBFORMATION T Northern Gorgedry Sclerophyll Forest
24 vegetation communities 1 North-west Slopes Dry Sclerophyll Woodlands
9 Pilliga Outwash Dry Sclerophyll Fogest
SHRUBBY SUBFORMATION 1 Northern Escarpment Dry Sclerophyll Fosest
35 vegetation communities 1 Northern Tableland Dry Sclerophyll Foest
1 Western SlopeBry SclerophylForess
1 Yetman Dry Sclerophyll Forest
HEATHLANDS 1 Northern Montane Heaths
3 vegetation communities
FORESTED WETLANDS 1 Eastern Riverine Forests
5 vegetation communities 1 Inland Riverine Forests
FRESHWATER WETLANDS 1 Montane Bog andrens
14 vegetation communities 1 Montane Lakes
91 Inland Floodplain Shrublands
9 Inland Floodplain Swamps
GRASSLANDS 1 Semiarid Floodplain Grasslands
13 vegetation communities 1 Temperate Montanésrassland
1 Western Slope&rassland
GRASSY WOODLANDS 1 Western Slope&rassy Woodlarsl
27 vegetation communities 1 Subalpine Woodlands
1 New England@rassy Woodlarsl
9 Tableland Clay Grassy Woodlands
1 Floodplain Transition Woodlands
WET SCLEROPHYLL FORE 1 Northern Escarpment Wet Sclerophiybiress
SHRUBBY SUBFORMATION
4 vegetation communities
GRASSY SUBFORMATION Northern Tableland Wet Sclerophyll Forest

7 vegetation communities

Northern Hinterland Wet Sclerophyll Forsst

RAINFORESTS

6 vegetation communities

=A =4 =4 =8 =9

Northern Warm Temperate Rainforests
Dry Rainforests
Western Vine Thickets

(OEHNd; Bensoret al.2010 )




The guidelines; 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 représeat!
recommendations, based on the data that is available. Individual species (including threatened
species) and identified endangered ecological communities may require specific fire regintasand
cannot be accurately assessed for these entities baseliroad observations at the formaticand

class level. It should also be kept in mind that fire frequency is generally regardedaoagegul
influence on ecological processes. However fire intensity, season, patchiness, fire &ist@yange

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

other factors (e.g. system productivity) or an interaction of factors determine sysiediversity
outcomes. This may include recent anthropological changes (agméntation effectsyo that fire
produces differing outcomes through time and space that go beyond predictions based
vegetation type. Biodiversity patterns are also chusimplified by classificatioto vegetation
formations and classes. Despite thesemplications, fire is an important driver of biodiversity in
many systems in the Border RivéBsvydir regionand one that must be managed. There is thus a
strong need foffurther research to fine tune the use of fire management in the region.



1. FIREECOLOGYBOME IMPORTANT CONCEPTS

Before addressing the literature on specific vegetation ckss®me ecological concepts and
principles underlying current understanding of fire regimes are exglof@erelated attributes that
vary between species areanvassed, along with a range obncepts including disturbance,
succession, interspecific competition, landscape productivity and patch dynamics. iHesse
provide a framework which helps explain how fires have shapedati#scape in the past, and how
fire management can best conserve the diversity of the bush in theduThey 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 wathey respond to fire. Fireelated chaacteristics or attributes which
vary between species include:

Regeneration mode the basic way in whita species recovers after fire
How seeds are stored and made available in the fiostenvironment
When, relaive to fire, new plants can establish

Time taken to reach crucial life history stages.

= =4 =4 =4

Plant communities are made up of species with a variety ofréileted attributes. These differences
mean plant species are differentially affected by different fieyimes; fire regimes therefore
influence community composition.

Regeneration modes

Ly  aSYAylFf FNIAOES Ay -anmippdZiNIDEGE LINBdzE SER F3 SRY L.
whether mature plants subjected to 100% leaf scorch die or survige Most adults of sprouting
ALISOASAS rebpiott@N DI NEIRR B T NP & Thedé 8hpdisimaytcanie &ambt  F A NJ
suckers or rhizomes, from woody swellings called lignotulz#rgshe base of the plant, from

epicormic buds under bark on stemor from active prdire buds(Gill 1981). Some resprouteiise.

those which regrow from root suckers or rhizomes (sustbkady grass and bracken), daorease

vegetatively after a fire. However other resproutersnoat increase vegetatively, aniherefore

need to establish new plants to maintain population numbers, as adults will eventualbndggie.

Nond LINE dzii A ¥ 3 oblghtlS906d&8 > 2B WLIE | ¥i their ledvislaie allRdoShedik S
a fire, these specie®ly on regeneration iim seed. Obligate seeder spes generally produce more
seed(Lamontet al. 1991), and greater numbers of seedlings (Watlal. 1987; Benwell 1998) than
resprouters, and seedling growth rates tend to be more rapid @&lhte 1996; Benwell 1998; Bell
2001a).



These categories are not invariant. Survival rates in the fieldofth resprouters and obligate
seeders change with fire intensity (Morrison & Renwick 20@Dme species exhibit different
regeneration strategies in different environments (Vditfiset al. 1994; Benwell 1998; DEC 2002).

Seed storage and dispersal

Fire provides conditions conducive to seedling growth. Shrubssgriamps, litter and sometimes
canopy cover are removed, allowing increased light penematio ground level and redimg
competition for water and nutrients (Williams & Gill 1995; Mamngl998a). For plant speciestake
advantage of this opportunity, seeds need to be available. Thsreseveral ways in which thisin
be accomplished.

Some species hold their seeds ingant storage organs such asnes, and release them after a

FANB® ¢KS&S WaSNROAY2dzaQ G &bl CuprgséatedeR f@miligs| J6rOA S a

exampleBanksia Hakeaand Callitris Some eucalypts release seed in response to fire (NHE8e;
Gill 1997). The degree to which seed release also eccuthe absence of fire varidsetween
species (Ladd 1988; Enrigdttal. 1998).

A second group of species stores dormant seeds in the sithl, dermancy requirements which
ensure germination occurs mostly after fire. Heat promotes germination in many legumesgiShea
a.mMpT T !'dA R 3 hQ/2yySftf mbdm0uI ¢KAT & aldyeg;| S
Rocheet al. 1998; Flemattiet al. 2004). Some taxa respond bhdée a combination 6these twofire
relatedcues (Morris 2000; Thomas al. 2003).

A third strategy is to create seeds rapidly after a fire, throughdired flowering.Xanthorrhoea
species are a weknown example of this phenomenon (Harrold 19®;Farland 199Q)however
shrubs such as the Crinkle Busbmatia silaifolia (Denham & Whelan 2000) and the Waratah
(Telopea speciossiméBradstock 1995) also flower almost exclusively in the years after Vfiney
Grasslandorbs (herbaceous plants wdii are not a grass, sedge or rush) exhibit thiaracteristic
(Lunt 1994).

Finally, some species rely to a greater or lesser extent on seechgamifrom outside the burnt
area. This strategy is not common in very -fwene environmeng such as coastéleaths, where
seed dispersal distances seem to be limited to tens of metresssr ih most species (Auld 1286
Keith 1996; Hammikt al. 1998). However some wind and vertelbe-dispersed species do occur

these environments; examples include plantshafleshy fruits such aBersooniaspecies andome

epacrids (e.gStyphelisand Leucopogorspp.). Thee species may have a differgetationship to fire

cycles than do taxa whose seeds are noteljddispersed (French & Westoli\p96; Ooiet al.

2006Db).
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Recruitment relative to fire

Species also differ in when they establish new plants relative toFoemany species in fugrone
environments, recruitment is confined to the immediate pdéis¢ period (Auld 1983,b: Zammit &
Westoby 1987; Cowlingt al. 1990 Vaughton 1998; Keitlet al. 2002a), although this may vary
between populations (Whelaat al. 1998) and with posfire age (Enright & Goldbh 1999).Some
species, however, recruit readily in an unburnt environment, and are therefore able to uguild
population numbes as time goes by after a fire.

Life history stages
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environment. Time from germination to death of adult plants, gite reproductivematurity and,for

resprouters, time to fire tolerance are important variables,issluration of seed viabilityThe time

from seed germination to reproductively I (4 dzNB | Rdzf & A & privia2yguyenile & | &L
periodQ ® wS & LINE dzii A y 3 WechdGaty juBedile pefic®BY KK @S  Rvegstatiel | Sy ¥
regrowth to produce viable seed (Morris@t al. 199). The length of these periodiffers between

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

Clarke 2004 Clarkeet al. 2009. Once flowering has occudgit may take additional yeatsefore

viable seed is produced, and even longer to accumulate an adequate seedbankefVehrk987;

. NI Rai201 3 hQ/2yyStf mMbhyyovo

In resprouters, the primaryujyenile period is often much longer thaime secondary juvenile period,
as well as being longer than the primary juvenile period in equivalent obligate seeders(8@&h

Benwell 1998). Resprouter seedlings are not immediately fiterant: it may takemany years

before lignotuber development or starch reserves are sufficient mathe young plant to survive a
fire (Bradstock & Myerscough 1988; Bell & Pate 1@érkeet al2009).

The length of time seed remains viable is another importantaéei 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 thospagfies with soistored seed,
although much variation ésts even here (Gill & Bradstock 1992; Morrigral. 1996 Clarkeet al.

2009. Speciesalso vary in whether seedbanks are exhausted by a single(ditker through
germination ordestruction). Species which store seed in the canopy, andesp&dose soistored

seeds areelatively permeable (e.dgsrevilleaspecies Morris 2000), are unlikglto retain a residual

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

with hard,soilstored seedsigch as peas and wattles, retain viable ungemriid seed through more

than onefire; Bossiaea laidlawianarom southwest Western Austradi, is an example (Christensen
EYAYOSNI MmpTpO® ¢KAA IAPSE (GKSaS alLlSdikeperiodtr WKSRIS



Disturbance, succession and a paradigm shift

Disturbance and succession are basic concepts in ecologganéely in understanding of these

processes has informed several theories and models which arfellse understanding the way

plant communities¢ groupings of species with different firelated attributesc¢ respond to fire Fire

is adisturbanced ! RA&AGdzZNDI yOS Ol yely disSretReévéntinftidqi®thaerdoves | y &8 NB
organisms and opens up space which can be coldnise indviduals of the same odifferent

& LIS OA S & ét ald998)IThe/ concept encompassesuring discrete events such atorms,

floods and fires, as well as @oing processes like gnag. Disturbance may stem fromatural

phenomena or human activitie$ipbbs & Huenneke 1992)na is ubiquitous throughout thé 2 NI RQ a
ecosystems (Sousa 1984).

Successiorfollows disturbance. This concept has been of ins¢éred ecologists since Clements

2dzift AYSR 6KIFd Aa y2¢ O fCeientslda) inacissicallsficcessidrO OS & 4 A
a T2t f 2idtdtbdrde, $everal assemblages of species progressively cgaitgy each giving way

toitsd dzOOS&aa2NJ dzy G Af I O2YYdzyAte TFAyltte RS@St 2L
(Noble& Slatyer 1980)implicit in this model is the idea thatonly theA y' I £ = WOt AYIF EQ O2Y
equilibrium with the prevailing environment.

A popular metaphor for thigquilibrium paradigmA & Wik OB 2F yI ( gedtBe@d / 2y &
aligned with this model focuseon objects rather than presses, concentrates on removitige

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

nature is left to take its course (Pickedt al. 1992). Fire does not sitasily in the balancef nature

approach, which influenced attitudes to burning, both in Australi@ elsewhere, for many years.

For example, forester arles Edward_anePoole argued to the Royal Comniiss following the

1939 fires irVictoria for total fire exclusion on thgrounds that this would enablnatural succession

to proceedresulting in a less flammable forest (Griffiths 2002).

Over recent decades, however, a paradigm shift has been undeBvasers include the realisation
that multiple states are possible withithe one community (Westobgt al. 1989), as are multiple
successional pathways (Connell & Slatyer 1977). Masortantly from a conservatioperspective,
it has increasingly been recognised that period&tutbance is often essential tonaintaindiversity,
allowing species which might otherwise leakieen displaced to continue toccur in a community
(Connell 1978).

This non-equilibrium paradigmOl y 6S Sy Ol LJadzZ F § SR o6& (Skafeis LIKNI &S
important in this paradigm: equilibria at a landscape scale may leetproduct of a distribution of

statesor patchesin flux (Wu & Loucks 1995). Implications incladiegitimateg or even vitalg role

for people in ecosystem management, and a focus on the conservation of processesthaer

objects. This doesot, of course, imply that all humageneraed change is okay; it does mean
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human beings must take responsibility for maintaining the integsftypatural ecosystem processes
(Pickettet al. 1992; Partridge 2005). Fire fits much maremfortably into the norequilibrium
LI NI RAIYSZ gKSNB Al GF1Sa Ada LXFOS a | LINRBOSaa

Theory into thresholds

The nonrequilibrium paradigm forms the basis for a numbertibéories and models which have
been used to inform an understanding of fire regimes in Australia. These includéahattributes
model of Noble & Slatyer (1980). It can also be useddefine disturbance frequencgomains
compatible with maintenance of particular suites of speciHsis modé has beenused to develop
fire management guidelines for broad vegetation types in NSW (Ketraidy2004).

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

and an upper threshold. Lower thieslds are set to allow all specigalnerable to frequent fire to

reach reproductive maturity, while upper thresholds are detered by the longevity of species
vulnerable to lack of burning. Species with similar-fetated characteristics are groupedtan

functional types (Noble & Slatyer 1980; Kedthal. 2002b). The vulnerability of each group, asid

species within sensitive groups, can be assessed through considgratiz ¥ G KSANJ WA Gl £ |

Functional types most sensitive &hort interfire intervals (high fre frequency) contain obligate
seeder species whose seed reserves are exhausted by disturbammdatns of these species are
liable to local extinction if the interval between fires is shorterrththeir primary juvenile period

(Noble & Slatyer 1980). The minimum interfire interval (lower threlsh) to retain all species in a
particular vegetation type therefore needs to accommodate th&on in this category with the

longest juvenile period (DEC 2002).

Species whose establishmentksyed to fire (Noble and Slatyer tal  H-EBISOMNS A QU | NB |
sensitive taong interfire intervals(infrequent fire): they are liableotlocal extinction if fire doesot

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

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

with the shortest lifespan, seedbank includ&xEHC 2002; Bradstock & Kenny 2003

Data on plant life history attributes relevant to settitgver thresholdsg regeneration modes and

juvenile periods¢ are much more readily available than the information needed to gaper

thresholdsg longevity of adults and seeds. Kergtyal. (2004) noe the lack of quantitative datan

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

Gf FNBESE& 61 a8R 2y | Aadz2vyLIi A2 2aANBl ARNAS WA RISRA B8 0 4D
dzy OS NJi I A yetiak 20045 W& K/ oyi these variables is an important tasktfier future. It can

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

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

The effect of dominantHeathland shrubs onother speciesKt & 06SSy NBO23yA&aSR
sandstone country (Keith & Bradstock 1994; Tozer &d&oxk 2002). When life history
characteristics alone are considered, a feasible fire frequencyhforconservation of both these
dominant obligate seederand understorey species appears to H&30 years. However under this

regime the dominant species form higlensity thickets which redecthe survival and fecundity of

species in the understorey, an effect which carries through to the nextfiresieneation. Similar

dynamics have been observed in other Australian heath comnesn{Specht & Specht 1989; Bond

3 [FRR Hanam0 YR Ay { 2 dzi K; oWing&GBkaa1 9K /Ioki&adn T & y o 2 2
2000). An understanding of this dynamic has hgjtiéd the need to include irHeathlandfire

regimes some intervals only slightly above the juvenile pkrd the dominant species, thus
reducing overstorey density for a period sufficient to allow undeesgaaxa to build up population
numbers before aga being overshadowed (Bradstoekal.1995).

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

shrubs resprout (Bond & Ladd 2001). Unlike obligate seedersindminresprouters will continuéo

exert competitie pressure immediately after a fire by drawing swil resources, and once their

cover is reestablished, on light resources too. Their potential tdcompete smaller species in the

postfire environment may therefore be considerable. These dynamics baea documented in

2 Sa0GSNYy {e@RySeQa [/ dzyoSNI I yR ketd df the pricklg gesploltifggRE & K S
shrubBursaria spinosare associated with a reduced abundance dfestshrub species, particularly

obligate seeders (Watsogt.al 2009.

Bursara has the advantage of being able to recruit betweerdjrwhereas most sclerophyllous
(hard-leaved) shrub species recruit almost exclusively after afitedie & Slatyer 1976; Cowlieg
al. 1990; Keithet al. 2002a). The vital attributes model exjilig identifies species able teecruit
between firescbh 26t S | yR { f T-ai &S ®lagddnair fpropérisiy ¥ doékninate irthe
absence of disturbance is also explicitly noted (Noble & Slatg80). However to date little
emphasis has been plagen the role ofT-species when determing fire frequency guidelineg-
species are almost certainly more prevalent in some environm#as in others, for example in
rainforests, and conversely in arid areas where recruitmeiaty nbe geared more to perils of
unusually high rainfall or flooding than to fire.

The importance of competition between plant species, and thesitnportance of disturbance to
disrupt competitive exclusion, is likely to vary witandscape productivity A second non
equilibrium paradigm offshoot, thedynamic equilibrium model (Huston 1979, 2003, 2004),
considers the interaction of productivity and disturbance in mead@tspecies diversity. In harsh
environments where productivity is low, interspecific competition is unlikely ¢ogbeat. Here,
abiotic factors such as low rainfall, heavy frosts and infertile sorlg the number of plant species
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able to grow, and also limit their growth rates. The need fatutbance to reduce competitive
superiority is therefore minimal. In faa high disturbanceréquency is predicted to reduakiversity
in these ecosystems, as organisms will be unable to giast enough to recover between
disturbances. In highly productive, resougeh environments, havever, competition is likely tbe
much more intense, as many species can grow in thesesaegal they grow quickly. Herdiversity
is predicted to decline where disturbance frequgris low, as some species wilit-compete others,
excluding them from the community.

Landscape productivityas defined by plant biomass as an epdanis likely to increase wittainfall,
temperature, season of rainfaf] where rainfall and warmamperatures coincide, there may be a
greater potential for plant growttt and soil fertility (clay soils are oftemore fertile than sady
soils, however they also tend to support more herbaceous, aneirfeslirub, specie@Prober 1996;
Clarke & Knox 2002). Relatively frequent fire may thusnimre appropriate in wet, warm,
productive fireprone systems than in those whe 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 ecologistsaBond
(2003, 2005) divide global vegetation types into three categories:

1 Cimate-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.

1 Climatelimited but fire modified systems These vegetation types do not succeed to
another vegetation type in the absence of firaythiheir structure may alter from grassy to
shrubby. The Cumberland Plain Woodland described above fits into this category.

1 Firelimited. These vegetation types will succeed to a different community in the abss#nce
fire. In South Africa, these commungieoccur in higher rainfall areas, and include both
savannah and heath.

These three categories no doubt form a continuum. In NSW, liioitaty climate rather than fire
probably becomes more prevalent as average annual rainfall deesedn some arid and seianiid
environments, droughts and/or floods may complement or evenaeglfire as the primary natural
spacecreating mechanism (Cunningham & Milthorpe 1976)f course, climate and fire are
everywhere intertwined, with major firesccurring during monthand years when vegetation dries
out with drought.Higherthan average rainfall, however, is also intimately assodiatih fire inarid
and sentarid areas, as in many places fires will only spredwn good seasons stimulate the
growth of grasses and herbs which become cured, continuous fuel when rains retreat.

13



Climatelimited but firemodified systems can occur in at leagt2 Wa il 54 Qassy 2 NJ SE|
Woodlandand Bursariadominated shrub thicket woodlandn the CumberlandIBin (Watsor2005).

Firelimited vegetation types could also be said to beeatd exist in different statesalthough the

differences between them are so great that they areetg thought about in this wayror example,

in north QueenslandEucalyptus grandigrassyWet Sclerophyll Foress succeedindgo rainforest,

probably due to a reduction in fire frequepnand/or intensity (Unwin 198%arrington & Sanderson

1994 Williamset al. 2003. However rainforest and grag wet forest are not@nerallyconsidered as

different states of a single vegetation type, bather as two different types ofegetation.

Patch dynamics

The examples in the last paragraph illustrate how dynamic vegetatonbe in relation to fire. In
some productive landspes, variation in interfire intervals within broad thresholds, that is variation
in time, may not be sufficient to maintain all ecosystem elements. Variatispatemay alsobe
needed to ensure all possible states, and the plants and animalsstipgyot, are able to persist in
the landscape. Fire can mediate a landscape of different patefiesse location may change over
time.

For example recent studies in nordastern NSW indicate that somerésts in high rainfall areas on

moderately fertile soilDl y SEA &G Ay Y2NB i feguént et ifteavdld 6 SQd
between 2 and 5 yearg is associated with open landscapes ihieh a diverse flora of tussock

grasses, forbs and some shrubs thrive (Stewart 1999; T&4Ka2). Nearby areas whichave

remained unburnt for periods over 15 or 20 years support higher densities of some shruhcsnd

eucalypt tree species, patrticularly those able to recruit between firegk(E Bridges 1989;

Henderson & Keith 2002). Each regime provides habitat foe@elly diverse, but substantially

different, array of invertebrates and small mammals (Andedval. 2000; York 2000; Bickel Basker

2004; Tasker & Dickman 2004).

¢CKS 02y OSLIi 2F WwWaill 6SaQ LINE JaiRR&ai habitatadss space a& 2 NJ (1 K ¢
well as time. It can reduce conflict between those who see theevaluparticular states (such as

grassy or shrubby vegetation in stropical Wet Sclerophyll Forest, by pointing out the value of

each and the need for both. Of course, g@raises questions as toelproportion of each state that

may be desirable in the landscape, the scale of mosaics, and vatiwersfactors. These questions

represent fertile ground for research and discussion in future.

14



Fire and climate change

Climate change is a challenging example of the-equilibrium paraigm in operation. Altered fire
regimes have been predicted over ensuing decades and are considered to be ¢t ragjor
ecological management challenges for Australia (Morgbral. 20®). This presents a significant
issue for fire ecologists who (like most ecologists) have operatel@éruan assumption of an overall
steady state (albeit with large variability) in fire regimes. Geneprallictions of increasing fire
frequency and intensityhave been predicted to lead to majoird driven shifts in vegetation
patterns There are, however, a range of uncertainties around thessliptions. Firstly, it is by no
meanscertain what (if any) changes will occur. Bradstetkal. (2008) repar that the two major
driversofF ANB I NB AaFANB 6SIGKSNE 6 K2 lbad. WhBincréaeS RA (1 A 2 Y 2
fire weather may occur, drier conditions could lead to less {@#hdstock 2010; Penman & York
2010, so tha fire regime changes arby nomeans understoodMatthews et al. 2013) Secondly,
shifts in vegetation in response to fireillbe limited by major habitavariables such as soil type
(Westoby & Burgman 2006) and more geaibr by the overall suitabilitgf adjacent areas (Keitbt
al. 2008). Additionally, selection andagutation in the face of alterefire regimes may occur (Skelly
et al. 2007).
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2. THE LANDSCAREULTURES AND CLIMATE OF THE BORDER
RIVEREGWYDIR REGION

The Boder RiversGwydir (BRG) regiois composed of three distinct landscapesiglre )
tablelands part of the New England Tablelab@bregion), slopescpntaining partof the Nandewar
and Brigalow Belt Southioregiors) and plains dontaining parts of the Brigalow Belt Sou#nd
DarlingRiverine Plaindioregion). All arepart of the upper reaches of the Murrearling Basin,
encompassing an area of approximately 50,000 square kilometres. The "Border Rorainent
of the catchmentextends into Queensland, with the Macintyre Rivemnfiorg the State bordefNSW
Office of Water, nd)

Elevation in the BRG regiaaries fromjust over 1500 m above sea level (asth the crest of the
Great Dividig Range between Tenterfield and Guyes well ason the peaks of Mt Kaputato

approximatelyl40 m aslat the confluence of the Gwydir and Barwon Riirethe far west of the
region.The BR@egion contains a substantiploportion of the NewEngland Tableland, tHargest
highland landscapm Australia(Barneset al. 1988).

The BRG regiorontains all or part of 11 Local Government Areas (LGAS) with a collective population
of approximately 6800 residents. Major population centres include Glen Innes, Tenterfield and
Uralla on the Tablelands, Inverell and Bingara on the Slopes, and Maiedwamgindi on the Plas.
Theregionis heavily agricultilly developedand the majority of preEuropean ecosystems across

the more fertile and productive parts of theatchment have been degraded or removed by over a
century and a half of agriculturaliduse (OEH VIS spatial dat8ynergistic pressures that have led

to the extinction of numerous native mamnsaand other faunanclude invasion and occupation by
feral animals and weeds, serious degradation to land and water resources and the imposition of
inappropriate fire regimesThis has resulted in thdecline andloss of functionality of manhigh
productivityecosystems, a process that continues to the present day.

Because of the presence of large areds highly productive landincluding extensive fertile
floodplains and basalt enriched landscapagelativelysmall proportion of the BRG regiaa Public
Land (Conservation Reserves, State Forests and Crown Lands), but theynudjétitblic Land is
vegetated.There are severdhndscapes in the BRG regwhere relatively largand weltconnected
areasof native vegetation remainF{gure 3. Examples of extensivareas of native vegetation
include Torrington State Conservation Area, Dthinna Dthinnawan National(fsak Yetmarand
Texas) and the northern and easteparts of Mt Kaputar National ParlModeratelylarge and
connected areas of native vegetati@xist along the crest of the Great Dividing Range (Bald Rock,
Bolivia Hill, Butterleaf and Capoompeta National Parks).Henaestern slopes relatively large and
connected areas of native vegetati@xist along the Nandewar Range and the gorges draining the
New England Tableland, reserves in these landscapes include GwydirkRiiaanbal King Plains
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Indawarra and Single Nanhal Parksand Arakoola, The Basin, Ironbark aBgvern RiveNature
Reserve¢Bensoret al. 2010).

Many landscapes in the BRG regitiave been entirely cleared; as a result they have little
biodiversity or conservatio value. Notably the fertilefloodplains of the main riversand the
extensive basaltic landscape$ the BRG region have very litthative vegetationremaining Only
steep, relatively infertile and rocky sandstone, granite and leucogrdaitdscapes still support
extensive areas afative vegetatiorn(Bensoret al.2010)

The Gwydir River rises in the New England Tablelands near Uralla and flowsvesttthrough

steep valleys until it reaches the flat plains near Gravesend. Upstream of Moree the valley widens
and the Gwydir Riverrbaks 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 flomgDuri
flood events water spills out across the floodplain and enters the Barwon River at numerous points
(NSW Office of Water, nd)

The major river systemsomprising the Border Rivers are the Dumaresq, Severn, Macintyre and
Mole Rivers. The western half thfe catchment comprises flat alluvial plains drained by intermittent
watercourses; 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 Rive
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 regiohas a temperatdo subtropical climate, with a considerableagluation from east
(cooler and wetter) towvest (hotter and drier) Since 1950, the region has experienced warming of
around 0.81.3°C. This is likely to be partly due to human activities. The future climate &ottaer
RiversGwydir catchment is likelyto be warmer and drier. Such trends would also increase
evaporation, heat waves, extreme winds and fire riskvéitheless, despite this trenwward drier
conditions, there is also potential for increases in extreme rainfall e(&@8$R0O, 2007)

The fows of the Darling Rivaratchmentgreat variability, responding strongly to El NirpLa Niia
cycles and deriving major flood pulses fraosuthern Queensland and the western WeEngland
Tableland(NSW Office of Water)CSIRO (20D7predicts that rainfallpatterns and hydrological
regimes across the BRG regiwiil be strongly influenced by global warmir@hanges 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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The BR@egionis 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 AnawaaBanbai, Bigambul, Kamilar@omeroi) andNgarabal Within

the region the land of the Kamilaroi nation stretches from the western area of the catchment to the
02NRSNJ gAlGK G4KS . FyolA yrGA2y ySFENI Dd@NI Ay (GKS
extends south from the baler with the Banbai nation (near Guyra) towards Uralla and northwest

towards the Tingha distrigConnahet al. 1977). The land of the Ngarrabal nation is around the Glen

Innes areaThe Bigambul people occupied lands around Bonshaw and Yetmamoathdvards into
Queensland.

There are a number of Aboriginal cultural heritage sitethe Border River&wydir regiorincluding:
artefact scatters and rock art, burial sites, scarred and carved trees, grinding grooves and middens
and mission and reseevsites 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 TarriWarrukun near Tingha (Bunonwealth of Australia, nd
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3. LANDSCAPE GRADIENTS AND DRIVERS OF BIDDINNERS
THE BRG REGION

The substantialainfall gradient across the BRG region from east (>1i®0p.a.) to west (<80 mm
p.a.), creates substantial variation in vegetatgystems. These range from small areas of Rainforest
and shrubbywet Sclerophyll Foreston the high rainfathorth-eastern edge of the catchment along
the crest of the Great Dividing Ran@f@enson & Ashby 1996,2000) Grassy Woodlargland a wide
variety of Dry Sclerophyll Foresin the mid-reaches of the catchmen§ubalpine Woodlands above
1300m the high elevation at Mt Kaputand arid shrublands dominated by leopardwod@@lindersia
maculosd, Mitchell Grass dominateGrassland and chenopodhrublandsin the far west of the
catchment(Bensoret al. 2010).

A substantial eastvest gradient of riparian forests occurs along the majorirtage lines of the BRG
region Eastern Riverine Forests dominated by River @asyarina cunninghamiaparace into
Inland Riverine Forests dominated by River Red GeEmealyptus camaldulen¥isnd Northwest
Floodplain Woodlands domited by Coolibal{E. coolabalsubsp.coolabal) in the far west.

The vegetation commmities of the BRG regidmave evolved with fe as a prominent driver during
the increasing aridity of the Tertiary and Quaternary peri@dite, 1994) and many communities,
populations and species are critically reliant upon fire to maintain esseridatyicle components
Fire intensity and fregency vary greatly across the vegetation communitiesuoaeg within the
BRG regionprimarily as a function of variation in rainfall and site productivity. Raaforests and
shrubbyWet Sclerophyll Forestin thefar east of the catchment have the gitest biomass of any
vegetation community in the catchment, whilst tierassland ard Clenopod Shrublandson the
western plains have the least.
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4. FAUNA EXTINCTIONTNE BRG REGION

Most Critical Weight Range (CWR) mammadsextinct in the BRG regioBpeies such as the Bilby
(Macrotis lagotis), Eastern harewallaby (agorchestes leporides | y R D 2 dztPSeamys 2 dza S
gouldi) were knownfrom the BRG region historicallfgble 3, the latter two species are extinct
nationally, the former remains in scattered small colonies fravastern Queensland to the
Kimberley coast.The extinction of populations of bandicoots, small wallabies and potoroids as well
as native rodets and carniores (Burbidge 8ackenzie, 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 deleterio@ispn 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. Furtharcégns of

fauna species seetikely because of the highfragmented nature of native vegetation across most

of theregion.

Extinction rates of woodland and forest bird species have historically been low, however in recent
decades many species have experienced major declinesthimdate is accelerating (Re1999

2000. Although &w, if any,viable populations of lishstone airlew andbarking avl 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 knowrbe one of the last breeding strongholds of the
Critically Endangered regent honeyeat@nthochaeraphrygiad (Menkhorstet al. 1999). There are

also significanpopulations ofthe eastern subspecies of the grerowned babblefPomatostomus
temporalis temporalis) diamond firetail (Stagonopleura guttath hooded robin (Melanodryas
cucullata cucullatpand brown teecreeper(Climacteris picumnus victoripgnown from the BRG
region.
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5. ENDEMIC SPECIES, THREATEREDES, ENDANGERED
POPULATIOBAND ENDASERED ECOLOGICAL
COMMUNITIESF THE BRG REGION

The BRG regiotontains a rich diversity of native floaamd fauna species including numerapecies
listed as Vulnerable, Endangered or Critically Endang@isdle 2, as well aswo Endangered
Populationsof fauna,namely populations afhe Tusked FrogAdelotus brevisand Brush Turkey
(Alectura lathamji (Table 3.

A considerable humbeof native plantspecies arendemic to the BRG regipmcluding(amongst
many notable examples)raajor evolutionaryradiation of the heathy myrtle shrubglomoranthus,

on rocky outcrops across the regiddomoranthusspecies that are endemic to the BRG regiowl
areas immediately adjoininipclude H.bebo,H. biflorus H. binghiensisH. bruhlii, H. croftianus H.
elusus,H. lunatusand H. melanostictugWilliams & Wissmann 199Hunter 1998;Copelandet al.
2011). The Torringtorand Bolivia Hill districts are recognised as banmpngsithe most floristically
rich landscapes in NSW with maendemig rare and tiheatenedspeciesknown. At Torrington over
forty five rare and threatened species are known including the Torrington Hesaith (eucopogon
confertug including Torrington mintbush Prostanthera staurophylla sensu strigt@and the
Torrington Pea Almaleea cambagéi. Endemic species know from Bolivia Hill include Bolivia
stringybark(Eucalyptus boliviarjaBolivia wattle Acacia pycnostachyaBolivia Hill boroniaBoronia
boliviensi$, Bolivia homoranthusH. croftianu$, Bolivia Hill riceflowerRimeleavenosa (Clarkeet al.
1998&; OEH 2011)Other Threatened ecies restricted to the BRG region include Erdangered
Rock of Gibraltar appléAfgophora exgland the braid fernKlatyzoma microphyl}aMany of these
plant speciesoccur in small populatio or occupy very narrow ranges;as a result theyare
vulnerable tomany threatening processes including vertebrate pests, inappropriate fire regimes,
stochastic events and climate change.

Within the BRG regiothere are fourteenEndangered Ecological Communitesd two Critically
Endangered Ecological Communitieted under the NSW Threatened Species Conservation Act
1995 (TSC Ac¢tl1995 that are known or predéted to occur (OEH data), as well asBixangeed
Ecological Comumities and threeCritically Endangered Ecological Communiti@able 3) listed
under the Commonwealth Environment Protection and Biodiversity Conservatiod98&(EPBC
Act, 1999.
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Table 2: NSW and Commonwealth listed Threatened Species known dictegreo occur in the
BRG regiofNSW TSC Act, 1995 & Commonwealth EPBC Act, 1999)

Threatened Plants of the Border Rive@wydir Region

Conservation Status

Common name Scientific Name Commonwealth Occurrence
NSW Status SaLE
Acalypha Acalyphaeremorum Endangered Known
Austral toadflax Thesium australe Vulnerable | Vulnerable Known
Grevillea scortechinii subsy.
Backwater grevillea | 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
Eucalyptus rubida subsp.
Blackbuttcandlebark | 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
Creepingick-trefoil Desmodium campylocaulor Endangered Known
Crescenieaved
homoranthus Homoranthus lunatus Vulnerable | Vulnerable Known
Cyperus conicus Cyperus conicus Endangered Known
Desert cowvine 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 Rutidosiheterogama Vulnerable | Vulnerable Known



Inverell cycad
Keith's zieria
Lake keepit hakea

Largeleafed
Monotaxis

Macnutt'swattle
Mckie'sstringybark
Myall creek wattle

Narrowleavedblack
peppermint

Narrowleaved
Guineaflower

Native milkwort
Northern blue box
Ooline

Ovenden's ironbark
Pindari wattle

Pine donkey orchid
Polblue eyebright

Prasophyllum sp.
Wybong

Rodd's star hair

Rulingia procumbens

Rupp's boronia

Rusty desert
phebalium

Scant pomaderris
Scrambling lignum

Severrriver heath-
myrtle

Shrub sida

Silky Swainsepea
Slender darling pea
Small snake orchid
Spiny peppercress

Tenterfield eyebright
Torrington keard
heath

Torringtonmint-bush

Macrozamia humilis
Zieria ingramii
Hakea pulvinifera

Monotaxismacrophylla
Acacia macnuttiana
Eucalyptus mckieana
Acacia atrox

Eucalyptus nicholii

Hibbertia tenuifolia
Polygala linariifolia
Eucalyptus magnificata
Cadelligpentastylis

Eucalyptus caleyi subsp.
ovendenii

Acacia acrionastes
Diuris tricolor
Euphrasia ciliolata

Prasophyllum sp. Wybong
Astrotricha roddi

Rulingia procumbens
Boronia ruppii

Phebalium glandulosum
subsp. eglandulosum

Pomaderris queenslandica
Muehlenbeckia costata

Micromyrtus grandis
Sida rohlenae
Swainsona sericea
Swainsona murrayana
Diuris pedunculata
Lepidium aschersonii

Euphrasia orthocheila
subsp. peraspera

Leucopogorronfertus

Prostanthera staurophylla
sensu stricto

Endangered
Endangered
Endangered

Endangered
Vulnerable
Vulnerable
Endangered

Vulnerable

Endangered
Endangered
Endangered
Vulnerable

Vulnerable
Endangered
Vulnerable
Vulnerable

Endangered
Vulnerable
Endangered

Endangered
Endangered
Vulnerable

Endangered
Endangered
Vulnerable
Vulnerable
Endangered
Vulnerable

Endangered
Endangered

Endangered

Endangered
Endangered

Vulnerable
Vulnerable

Vulnerable

Vulnerable

Vulnerable

Critically
Endangered

Endangered
Vulnerable

Vulnerable

Endangered

Vulnerable
Endangered
Vulnerable

Endangered

Vulnerable

Known
Known
Known

Known
Known
Known
Known

Known

Predicted

Known
Known
Known

Known
Known
Known
Known

Known
Known
Known

Predicted

Known
Known
Known

Known
Known
Known
Known
Known
Known

Known

Known

Known
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Torrington pea
Tylophora linearis
Velvet wattle

Wallangarra white
gum

Wandering pepper
cress

Warrabroad-leaved
Sally

Wild orange

Wollemimint-bush
Yetman wattle

Almaleea cambagei
Tylophora linearis
Acacia pubifolia

Eucalyptus scoparia

Lepidium peregrinum

Eucalyptus camphora
subsprelicta

Capparis canescens

Prostanthera
cryptandroides subsp.
cryptandroides

Acacia jucunda

Endangered
Vulnerable
Endangered

Endangered
Endangered
Endangered

Endangered

Vulnerable
Endangered

ThreatenedAnimalsof the Border RiversGwydir Region

Common Name

Australasian bittern

Australian lbush-
turkey

Australian bustard

Australian painted
shipe

Barking owl
Beccari'dreetailbat
Bell's turtle

Bilby

Black falcon
Blackbreasted
Buzzard

Blackchinned
Honeyeater (eastern
subspecies)

Blackneckedstork
Blackstripedwallaby

Blackthroated finch
(southern subspecies

Bluebilled duck
Booroolong frog
Borderthick-tailed

Scientific Name

Botaurus poiciloptilus

Alectura lathami
endangered population

Ardeotis australis

Rostratula australis

Ninox connivens
Mormopterus beccarii
Elseya belli

Macrotis lagotis

Falco subniger

Hamirostra melanosternon

Melithreptus gularis gularis

Ephippiorhynchus asiaticus
Macropus dorsalis

Poephila cincta cincta

Oxyura australis

Litoria booroolongensis

Conservation Status

NSW Status

Endangered

Endangered

Population

Endangered

Endangered

Vulnerable
Vulnerable
Vulnerable

Presumed
Extinct

Vulnerable

Vulnerable

Vulnerable

Vulnerable
Endangered
Vulnerable

Vulnerable

Endangered

Vulnerable

Commonwealt

Status

Endangered

Endangered

Vulnerable

Vulnerable

Endangered
Endangered

Endangered

Vulnerable

Endangered

Underwoodisaurus sphyruru¢ Vulnerable

Endangered

Endangered

Vulnerable

Known
Known
Known

Known
Known

Known
Known

Predicted
Known

n Occurrence

Known

Known

Known

Known

Known
Known
Known

Known

Known

Known

Known

Known
Known

Known

Known
Known

Known
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Gecko

Bristlefaced free
tailed bat,hairy-
nosedfreetail bat

Brolga

Browntreecreeper
(eastern subspecies)

Brushtailed
phascogale

Brushtailed rock

wallaby

Bushstone-curlew
Combcrestedjacana

Corben'dong-eared

bat

Cotton pygmygoose
Curlew sandpiper
Delicate mouse
Diamond firetail
Dunmall's snake

Easternbentwing-bat

Eastern cave bat

Eastern false
pipistrelle

Eastern grass owl

Easterrhare-wallaby

Easternpygmy-

possum

Fiveclawedworm-

skink
Flame robin

Flock bronzewing
Freckled duck

Giant dragonfly
Glandular frog
Glossy blackockatoo
Goldentipped bat
Gould's mouse

Mormopterus eleryi

Grus rubicunda

Climacteris picumnus
victoriae

Phascogale tapoatafa
Petrogale penicillata

Burhinus grallarius
Irediparra gallinacea

Nyctophilus corbeni

Nettapus coromandelianus
Calidris ferruginea
Pseudomys delicatulus
Stagonopleura guttata
Furina dunmalli

Miniopterus schreibersii
oceanensis

Vespadelus troughtoni

Falsistrellus tasmaniensis

Tyto longimembris

Lagorchestes leporides
Cercartetus nanus
Anomalopus mackayi

Petroica phoenicea
Phaps histrionica
Stictonetta naevosa
Petaluragigantea

Litoria subglandulosa
Calyptorhynchus lathami
Kerivoula papuensis

Pseudomys gouldii

Greaterbroad-nosed = Scoteanax rueppellii

Bat

Green andyoldenbell

frog

Litoria aurea

Endangered

Vulnerable

Vulnerable
Vulnerable
Endangered | Vulnerable

Endangered
Vulnerable

Vulnerable Vulnerable

Endangered
Endangered
Endangered
Vulnerable
Vulnerable

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Presumed Extinct

Extinct
Vulnerable

Endangered | Vulnerable

Vulnerable
Endangered
Vulnerable
Endangered
Vulnerable
Vulnerable
Vulnerable

Presumed Extinct

Extinct
Vulnerable

Endangered | Vulnerable

Known

Known

Known

Known

Known

Known
Known

Known

Known
Known
Known
Known
Known

Known

Known

Known

Known

Known

Predicted

Known

Known
Known
Known
Predicted
Known
Known
Known

Known

Known

Known
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Grey falcon

Greycrowned
babbler (eastern
subspecies)

Greyheadedflying
fox

Hoary wattled bat

Hoodedrobin (south
eastern form)

Koala
Largeearedpied bat
Little eagle

Little lorikeet

Little pied bat
Magpie goose
Masked owl
NewHolland mouse
Paintedhoneyeater

Pale imperial
hairstreak

Paleheadedsnake
Powerful owl

Redtailed black
cockatoo(inland
subspecies)

Regent honeyeater

Rufous bettong
Scarlet robin
Sloane's froglet
Sooty owl
Southern myotis
Speckled warbler
Spotted harrier
Spottedtailed quoll
Squaretailed kite
Squatter pigeon
Squirrel glider
Stripefaceddunnart
Stuttering frog
Swift parrot

Falco hypoleucos
Pomatostomus temporalis
temporalis

Pteropus poliocephalus

Chalinolobus nigrogriseus

Melanodryas cucullata
cucullata

Phascolarctos cinereus
Chalinolobus dwyeri
Hieraaetus morphnoides
Glossopsitta pusilla
Chalinolobus picatus
Anseranas semipalmata

Tyto novaehollandiae

Pseudomys novaehollandiae

Grantiella picta

Jalmenus eubulus

Hoplocephalus bitorquatus
Ninox strenua
Calyptorhynchus banksii
samueli

Anthochaera phrygia

Aepyprymnus rufescens
Petroica boodang
Crinia sloanei

Tyto tenebricosa
Myotis macropus
Chthonicola sagittata
Circus assimilis
Dasyurus maculatus
Lophoictinia isura
Geophaps scripta
Petaurus norfolcensis
Sminthopsis macroura
Mixophyes balbus

Lathamus discolor

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable

Vulnerable

Vulnerable
Critically

Endangered

Vulnerable
Vulnerable

Vulnerable

Critically

Endangered

Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable
Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable

Endangered

Known

Known

Known

Known

Known

Known
Known
Known
Known
Known
Known
Known
Known
Known

Known

Known
Known

Known

Known

Predicted
Known
Known
Known
Known
Known
Known
Known
Known
Known
Known
Known
Predicted

Known
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Turquoise parrot Neophema pulchella Vulnerable Known

Tusked frog Adelotus brevisendangered | Endangered Known
population Population

Varied sittella Daphoenositta chrysoptera | Vulnerable Known

White-fronted chat Epthianura albifrons Vulnerable Known

Wompoo fruitdove | Ptilinopus magnificus Vulnerable Predicted

Yellowbellied dider | Petaurus australis Vulnerable Known

Yellowbellied Saccolaimus flaviventris Vulnerable Known

sheathtaitbat

Yellowspottedtree Litoria castanea Critically Endangered | Known

frog Endangered

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 Communitie$ the Border RiversGwydir Region

Conservation Status

ScientificName Occurrence
Commonwealth
NSW Status (EPBCStatus

Brigalow Endangered Ecological Endangered | Known
Community

Cadellia pentastylis (Ooline) Endangered Ecological Known
Community

Carbeen Open Forest Endangered Ecological Known
Community

Carex Sedgeland Endangered Ecological Known
Community

CoolibahBlack Box Woodland Endangered Ecological, Endangered | Known
Community

Fuzzy Box Woodland Endangered Ecological Known
Community

Howell Shrublands Endangered Ecological Known
Community

Inland Grey Box Woodland Endangered Ecological Endangered Known
Community

Marsh Clukrush Sedgeland Critically Endangered Known
Ecological Community

McKies Stringybark/Blackbutt Open | Endangered Ecological Known

Forest Community

Myall Woodland Endangered Ecological, Endangered Known
Community

Natural grasslands on basalt and fine Critically Known

textured alluvial plains of northern Ne\ Endangered

South Wales and southern Queenslar

New England Peppermint (Eucalyptus Critically Endangered | Critically Known

novaanglica) Woodland Ecological Community | Endangered

Ribbon GurMountain GumSnow Gum Endangered Ecological Known
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Grassy Forest/Woodland
Semievergreen Vine Thicket

Upland Wetlands

White Box Yellow Box Blakely's Red
Gum Woodland

Community
Endangered Ecological Endangered | Known
Community
Endangered Ecological Endangered Known
Community
Endangered Ecological Critically Known

Community Endangered
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6. VEGETATION COMMUNITY ANDRA.SGURVEYS 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 @xl#yis
expedition, travelling from the Warrumbungle Range through the PilligabSanaross 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 regidraversing 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(Cunninghe 1825) This led to rapid degradatiand massive erosioof many landscapes and
causedsubstantial early modificationfmative vegetation communities across the region.

A mited number of botanical explorations and publications relating to the BR@®megere made
during the early 1900s (Maiden 1906; Maiden & Betche 1888)the botanical surveys of Cambage
across the regionQambage 1904, 1908,912) Publications containing mapping éndetailed
floristic descriptions of theagetation of theBRG reign did notcommence untithe 1960s, when
botanists and students from the University of New EngldbdNE)began undertakingdetailed
botanical investigations of many parts of the region. These early botanical investigations were led by
Professor J.B. Widims who continued his detailed botanical investigations until tiuen of the
millennium (Williamsl969,1972,1991, 1992,1994 1998 Williams & Wissmann 1991Professor
Williams taught and inspirethe work ofmany of the contemporarpotanical exper$ studyinghe
vegetation of the BRG region.

In more recent times botanical investigationave been completed imarious conservation reserves
(publicly and privately owned as well as Indigenous Protected Area) as well as Crown Lands, State
Forests and pvately-owned native vegetatiorfRoberts 1983992 Hunter & Williams 19944unter
1995,1997a,b, ¢, 1998a,b, 2003,2006a,b, 2009a,b, c, d, e, f, g, h, 1, j, k, 2010,2011b,2012a,b, c;

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

these investigations have been completed by academics associated with (adtigbly Dr John
Hunter) and plant ecologists, botanists and other researchers associated with the Royal Botanic
Gardens (RBG) notably Dr John Beons and results published across severalolumes of
Cunninghamia. The vegetation of the Guyra 1:100000 mapsheet was surveyed and the conservation
status of vegetation communities eluciga by Benson and Ashby (1999); this work forming a
precursor andimportant component in the BRG region of the NSW Statewugetation
Classification and Assessment Datab®€eA project managed by thHeBG (Benson 2006008;
Bensoret al. 2006,2010
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In 1999 the NSW Government comenced a bioregional assessmenttioé Brigalow Belt South and
Nandewar Bioregions invohg extensive and intensive plbased sampling ohative vegetation

within most areas of public land across the BRG region. This culminated in the Western Regional
Forest Agreement and resulted in the deation of many areas of public land as St@@nservation

Areas (RACAC, 2904

In still morerecent times a number of statewidend regionallywegetation classifiations have been
adopted (Keith 2004; Bensoret al. 2010. These vegetation classificatiortescribe distinct
vegetation formations, subformations, classes, communities and associationsdbait within the
BRG regionFrom this work it is clear that theR& region supports an incredibtbversity of
vegention communities, many either limitedotthe region, or as broader vegetation classes
occurring exclusivelin NSWwithin the region Examples of vegetation classes that arendemic
mostly confinedto, or with the hrgest remaining areas in NSW occurringhie BRG regioimclude
Brigalow ClayPlain Woodlands, Norttwvest Alluvial Sand Woodlands, Seanid Floodplain
Grassland and Yetman Dry Sclerophyll Forest Many finerscale vegetation communities and
associations are known to bestricted or mostly limited to the BRG region for exam@lerbeen
Open ForestOoline Dry Rainforestiowell Shrublands and Marsh Cluish SedgelandTable 3).
The conservatiorand futureof these communities depends entirely on sympathetic andrapriate
management within the BR@gion (Bensoet al.2010).
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Table 1: Vegetation Formations and Classes (Keith) occurring in the Bordey@QRisyelis region

VEGETATION FORMATION

KEITH VEGETATION CLASS

ARID SHRUBLANDS 1 North-west Plain Shrublands
ACACIA SUBFORMATION
1 vegetation community
CHENOPOD SUBFORMATION 1 Riverine Chenopod Shrublands
4 vegetation communities
SEMIARID WOODLANDS 1 North-west Floodplain Woodlands
GRASSY SUBFORMATION 1 Riverine Plain Woodlands
9 vegetation communities 9 Brigalow Clay Plain Woodlands
SHRUBBY SUBFORMATION 1 Western Peneplain Woodlands
7 vegetation communities {1 Subtropical Servarid Woodlands
9 North-west Alluvial Sand Woodlands
DRY SCLEROPHYLL FORE 1 New England Dry Sclerophyll Forests
SHRUB/GRASS SUBFORMATION T Northern Gorgedry Sclerophyll Forest
24 vegetation communities 1 North-west Slopes Dry Sclerophyll Woodlands
9 Pilliga Outwash Dry Sclerophyll Fogest
SHRUBBY SUBFORMATION 1 Northern Escarpment Dry Sclerophyll Fosest
35 vegetation communities 1 Northern Tableland Dry Sclerophyll Foest
1 Western SlopePry Sclerophyll Forest
1 YetmanDry Sclerophyll Forest
HEATHLANDS 1 Northern Montane Heaths
3 vegetation communities
FORESTED WETLANDS 1 Eastern Riverine Forests
5 vegetation communities 1 Inland Riverine Forests
FRESHWATER WETLANDS 1 Montane Bog and Fens
14 vegetation communities 1 MontanelLakes
1 Inland Floodplain Shrublands
9 Inland Floodplain Swamps
GRASSLANDS 1 Semiarid Floodplain Grasslands
13 vegetation communities 1 Temperate Montanésrassland
1 Western Slope&rassland
GRASSY WOODLANDS 1 Western Slope&rassyWoodlands
27 vegetation communities 1 Subalpine Woodlands
1 New England@rassy Woodlarsl
9 Tableland Clay Grassy Woodlands
1 Floodplain Transition Woodlands
WET SCLEROPHYLL FORE 1 Northern Escarpment Wet Sclerophyll Fosest
SHRUBBY SUBFORMATION
4 vegetation communities
GRASSSUBFORMATION 1 Northern Tableland Wet Sclerophyll Forest
7 vegetation communities 1 Northern Hinterland Wet Sclerophyll Forest
RAINFORESTS 1 Northern Warm Temperate Rainforests
6 vegetation communities 1 Dry Rainforests
T Western Vine Thickets

(OEHNd; Bensoret al. 2010 )
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7. VEGETATIONDMMUNITIES OF THE BRG REGION

The Border Rivers and Gwydir Rivarise at an elevaibn of approximately 1400n and 1500 m
respectivelyat the crestof the Great Dividing Range (upper tributariof the Horton River also begin
at elevations inexcess of 140éh near the peak oMt Kaputa)). The Gwydir iRer thenflows almost

700 km to the confluence with the Barwon River to the east of Collarengftigure 3. The
catchment is composed of three distinct landscapes: tablelandpes and plains. Sections of four
bioregions are contained withithe BRG regiarFrom east to weshey are New England Tableland,
Nandewar, Brigalow Belt Southnd Darling Riverine PlainsThe great diversity of landscapes,
substrates, soils types andimatic conditions in the BRG region generates the conditions for the
existence of an exceptional diversity of native vegetation communities.

The NSW Office of Emenment and Heritage (OElHd) determined that 157Regional Vegetation
Communities (R¥s) ecur within the BRGegion These 157RVCs align with 3Btate Keith)
vegetation classes and Tdrmations or subformationsTable }. Of these 3tlases, 16align with
Final Determinations for listing as Endangered Ecological Communiete (2 unde the NSW
Threatened Species Congation Act (1995), a further &re listed as Threatened Ecological
Communities Table 3 under the Commonwealth Environmental Protection and Biaditye
Conservation Act (1999).

VEGETATION CLASSEBIKRHED EXTENDFOCCURRENCE IN THE
BRG REGION

Several classes of vegetation identified agurring within the BRG regidiy OEH (2011) are of
limited extent. This includeBlorthern GorgeDry Sclerophyll Foresand Northern HinterlandVet
Sclerophyll Forest(both possilty limited to very small areas eaand southeastof Tenterfield),
Northern EscarpmenWet Sclerophyll Forest(limited to relatively small areas in the Northeast
Forest Lands subregion), Northern Warm Temperate Rainforests (limited to several gulies
headwaters of the Deepwater Riverithin CapoompetaNational Park, Dry Rainforest (limited to
small patches in ravines along the Nandewar and Kaputar Rangedth-west Plain Shrublands
(limited to small areas dominated by leopardwood on the Barwon @agdir plains) and Western
SlopesGrasslandlimited to small patches in the southern central sections ofBfR&egion).
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8. THE VEGETATION OF THE BRG REGION

Bensonet al. (2010) descrile the location, size and the vegetation communitteat occur inthe

BRG region, in particular in the Brigalow Belt South, Nandewar and western New England Tableland
bioregions. TheBRGregion ircludes part of four bioregions spanning frorainforests to Arid
Shrublands Bensoret al. (2010)and OEHNd) have describedhe vegetation of the BRG regi@md
delineated vegetation units at a finer scale than the formations and classes whichcagnsed for

New South Wales (Keith 2004, Table 1).

This includes 157egional vegetatiorcommunities RVCs). Many Keittlassegpresent in the BRG
region are represented by numerou®RVCs with the largest diversity withthe Dry Sclerophyll
Foress (59, Grassy Woodlargl (27), Semiarid Woodland (16, Freshwater Wetlarsl (14) and
Grassland (13.

The literature on fire withindifferent 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
vegetatian types which occupy the largesteas and are represented by the most RVCs imdbmn
Hence, lierature is reviewed foDry Sclerophyll ForestGrassy Woodlars] Semiarid Woodland,
Grassland (whichtogether represent a total of 115 RVGa)d alsoWet Sclerophyll Forestand
Heathland (because the literature is either relative large or particularly informativeHese two
formations). Rainforests are also briefly cimesed. The review starts witrassland (because the
understorey ofGrassy Woodlansl often includes mangrasslandgpeciesandthen moves toGrasy
Woodlands. Systems that include prominent tree andforub layers are then revieweddfests and
Heaths).
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I. FIRE INSRASSLAND

Extensive naturaGGrassland were a prominent feature of the pf#europeanvegetation of the BRG
region (Keith 2004 Bensonet al. 2010. These vegetation communities are considered to have
contained isolated, or @, trees and shrubs (Benson 199eith 2004 NaturalGrassland mosty
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 natu@assland of the BRG regiovaries widely as

a result of the interplay between climate, fire, landscape productivity and altitudinal influences.
Most naturalGrassland inthe BRG regiohave a high proportion of exotic plants and few, if any,
are free of weedsWithin the BRG region all theemperae Montane Grasslanccommunities and
most Western Slope&rasslandcommunities are critically fragmented and reduced to highly
degraded and widely scattered remnants (Benson 1®hson & Aty 2000; Bensoet al. 2010).
Whilst Semiarid FloodplainGrasslads and variants irthe BRG region are slightly moirgact and
extensivethan the more easterlyand hgher elevationGrasslandtypes they are still critically
fragmented and very poorly reservelllost native Grassland in the BR@ll under the definition of

the CrifOl f f @ 9y RI yYISNBR Na#d @addladd on basat ¥nd diyeektiréd &
alluvial plains of northern New South Wales and southern Queensland A 8 G SR dzy RSNJ (K S
Thisdeterminationincludes elemert of all 3 nativésrasslandKeith)classes in the BRG region.

Because of theiextensiveuse for livestockgrazingpurposes,native Grassland in the BRG region
have been thesubject ofresearchfocusing on these management outcomé&itable example®f
managemendfocused research for the BRG regionlude Lodge & Whalley (1989ho provided a
description, review and bibliography of nati@assland of the tablelands and slopegnd Nadolny
et al. (2009) who provided advice on conservation and grazimgnagementissues associated with
native Grasslandto the BRG Catchment Management AuthoritheGrassland d the Moree Plains
have been studied by McGann & Earl (1999) who sampled, classified and describedGessiand
communities occurring in this landscape, all variants of the @eithiFloodplainGrasslandclass,
whilst Clarkeet al. (1998) undertook a detailed survey of nativ@rassland within Kirramingly
Nature Reserve, the largest (and only) reserved patch efMitchell grass/Queensland bluegrass
community in NSW (NPWS, 2003).

OEH 1id) and Bensoret al. 2010 identified13 regional vegetation classes (RVCsEodssland for
the BRG regionThese comprise three Keith classes (Temperate MonGmsslandWesten Slopes
Grassland Semiarid FloodplainGrasslandc Keith 2004). At the state scale, Keith has mapped
relatively small areas of the Temperate Monta@eassland in northern New South Waldégtween
Guyra and Tinghg@with alarge area in the Monaro). The Wtern Slopesrassland are mapped as
occupying alimited area of the southern central portion of the regignwhilst the Semarid
FloodplainGrassland occur more extensivebcross the northwest. Thesésrassland occur across
very different landscapes with differing dominant grasses Tllemeda australi$oa
labillarderi/Austrodanthonia caespitosaAristida leptopoda/Austrostipa aristiglumisAstrebla
leptopodarespectively). The fire ecology literature is not evenly spread among tBessslandypes
(see below), thus the fire ecology of Australiag@rassland is discussed in general and then
consideredor these specifiGrasslandlasses.

A substantial literature on the fire ecology of sotghst AustraliarGrassland exists (e.g. Stuwe &
Parsonsl977;Morgan19971998a,b, c, d, 1999; Lunt 1995,997a; Lunt & Morgad999a,b; Verrier
& Kirkpatrick 2005). This literature is largely based on studieSheimedaaustralis dominated
Grassland from southern Victoria, Tasmania and the southern New Sélalesranges and slopes.
However,Grassland do share a number of consistent ecological traten among continents (see
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important body of literature.

A key feature of mangrasslandystems is that they are dynamic at relatively short time scales. In
studied VictorianThemeda australi©rassland Themedagrows rapidly posfire (Morgan 1996Lunt
1997a) to eliminate gaps amonghemedaussocks within thee years. The diversity of thsystem is
largely due to the diversity of forbs that grow in these tussock gaps. When burnt, matmg of
Grasslandorbs that exist in these tussock gaps also resprout and then flower at higher(tates
1990,1994; Morganl996). These species then produce sedtich is generally necdormant (Willis
and Groves 1991; Lunt 1995, 1996; Morgan 1998b) and they colonise availablproajued post
fire conditions such as rainfall are favourable (Hitchmoeaghl. 1996; Morganl997; 1998b, 2001).
Hence, Lunt and Morgan (1989document significant vegetation change iTlaemedaGrassland
after a 11 year fire free period (which corresponds to a loss of forb species piradlicted probable
decline in the nordormant fraction of he 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 cdetply 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 edarorant seeds. However, at
least some othe forb species in thes&rassland employ a counteintuitive 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 rejatast event in these
ThemedaGrassland but it is generally associated with fire (Morgan 1998d: Morgan 2001). [ffieus,

time fitness (total offspring from an individual) is related to survivorship through timeniximize
reproductive opportunity when &ire event occurs.

Frequent fire (intervals of a few years) thus appears to be an important management goal to
maintain diversity in the studiedhemedaGrasslandsystems. However, the dominating role of
Themedan these systems means that factors théfieat its persistence at a site are also important.

Watson (2005) ifsrassy Woodlandear Sydney found thathemedadominated 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 persistentaerheda

This review found that longnburnt sites or sites with infrequent fire had lower densities of
Themedan both AustraliarGrassland and South African savanna compatedites with frequent

burns (based on Robertson 1985; Clarke 2003;dtys. 2004; Fynret al. 2003 Prober and Thiele

2005). This difference was attributed to less s#lading suppression of growth in burnt sites (based

on Bond 1997; Morgan & Lunt 199 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 Baxtetral. 1994; Wood 2001). Basic physiological differences among
grasssp@A Sa O6ADPSd Yrye fAYySEFEIASaA yITNMIGESE Sia2¢ K2UR | INRKPR
STFFTSOGAQPStE e Ay RNE O2yRAGAZ2YA (GKFYy 20GKSNJ a/ o 3NJ
FY2y3 3INIaa aALISOASEAD ¢ Kdza-gréwing @ Brssses sithFBemédd R (0 K I
use water more efficiently and have lower nutrient requirements thansedison and winter

growing C3 grasses lik®licrolaena stipoidesPoaand Austrodanthoniaspecies (Ojimat al. 1994;

Nadolnyet al. 2003), and theseharacteristics may give C4 species a competitive advantage in a
frequentlyburnt environment (Fynret al. 2003).

Watson (2007) also found compelling evidence that the competitivene3heiedamay provide

resilience to theGrasslandsystems it dominates relation to weed invasion. This evidence comes
from negative associations of weediness withemedabased on Morgan 1998d; Lunt and Morgan
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1999b; Cole & Lunt 2005; Watson 2005) and also from studies that have investigated nieoglen

and regulatim in woodlands with &hemedadominated ground layer (Probet al.2002b;Proberet

al. 2005). Regeneration afhemedacombined with high frequency fire may thus reguldteduce)

the elevated nutrient status of weed infested sites and promote systenierse. Howeverthere

ySSRa (2 06S a2YS OldziAz2zy FGdlF OKSR G2 Adavellg A RSa LN
SldzA LILWISR G2 GF1S FR@GryGaras 2F GKS waidloftS Aygl
1998d; Setterfielcet al. 2005). Concernthat this might apply to perennial grass species with high

invasive potential such dsragrostis curvulgAfricanlovegrass)Nassella neesiangChileanNeedle

Grass) and Serrated Tussoblagsella trichotomp have been expressed (Stuwe 198idolnyet al.

2003, Marshall & Miles 2005). Yet there are examples of results (Lunt & M@&@@a®d) and

applications (Johnson 1999) of integrated strategies that included fire in the managemersted

species in grassy systems.

Research has also investigated thefeef of grazing in theseGrassland. 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 ¢nazing
been associated with a decline Themeda(Prober & Thiele 1995; Chilcagt al. 1997; Fensham

1998; Mcintyreet al.2003; Dorrougtet al.2004).

An informative study by Probest al. (2007) investigated the interaction of fire frequency and
grazing ative grazers and mowing) in two contrasting systems (one witth@meda australis
dominated ground layer and one withRoa sieberianalominated ground layer). Key conclusions
were that: 1. Themedawas resilient to 4 and 8 year fire frequencies but desdi with biennial
burning under drought conditions; Poareduced in dominance (was replaced Dgemeda with

high fire frequency; 3. Low frequency fire (up to 14 years fire free) did not lead to sward collapse of
Themedapossibly because of increasBda abundance), and; 4. Grazing exclusion leathtoeased
tussock abundance and inflorescence production. They concluded that a systemmuixitd
dominants Themedaand Pog is likely to have increased resilience in the face of varfineg
frequencies andjrazing pressures.

Grassland of the BRG region
Temperate MontaneGrassland

Temperate MontaneGrassland occur between 600 and 1500 m above sea level, and receive
between 500 and 750 mm of rainfall each year. Composition varies with altitadegraphy and

soil type.In mortane valleys on the New Englafi@bleland small areas of snow grasninated
Grasslandoccur in valleys subject toatd air drainageThese are now mainly cleared or heavily
modifiedand are dominated byoa labillardierevar. labillardierej Pennisetum alopecuroideSarex
appressandPoasieberianaBensoret al. 2010).

Clay soils are generally dominated by the tussock graBseseda australifKangarooGrass) and
Poa sieberiangSnowgrass), drainage lines are often filled with deRsa labillardieri(Tussock),
while the sandy clay loams formed from granite tend to be dominatedmstrostipa(Speargrass),
AustrodanthonigWallaby Grass) ddothriochloa(Red Grass) (Keith 200Zhislatter community, or

parts of it, may be a degraded form of the former, having losfThemedato grazing over time
(Benson 1994; Marshall & Miles 2005; Woeigal. 2006). Amongst the tussodfrasses which
dominate Temperate Montan&rassland grow brbs, including daisies, lilies, peasd orchids (Lunt
et al. 1998; Keith 2004). Unfortunately, exotic grasses and forbs arecalsmnon (Benson 1994;
Dorroughet al. 2004). Modification through the use of fertilizer asowing of exotic herbs and
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grassedas also been widespread (Benson 1994; Semple 1B@#)aining native speci@®minated
remnants are therefore a valuable conservation resource (Etdy. 1998).

While little research has addressed the effects of fire in Temperatetdhe Grassland, firerelated
@SASGIGA2Y ReyLl YA Gasslang hareloérii @ehsivalyQtadie. ¥any dpatias
this ecosystem are the same as, or similar to, those found@@mperate MontaneGrassland.

+ A O Bmgslan@are dominated bffhemeda astralis which isalso an important component of
Temperate MontaneGrassland (Eddyet al. 1998; Keith 2004; Dorrougét al. 2004; Gellie 2005).
Between the tussocks formed by this species grow forbs suisdominant grasses (Tremont &
Mcintyre 1994, Kirkatricket al. 1995).

Grass / forb dynamicsThe need to consider the rol#f fire in conservation of temperat&rassland

first became salient through a study by Stuwe and Parsons in 1977. A comparison of three
management regimes found that the patclaynual burning undertaken on railway reserves was
associated with a higher richness of native plants than was grazing or fire exclusion. All sites were
dominated byThemeda australi¢this was a selection criterion), leading Stuwe and Parsons (1977)

to hypotheske that the differences in species richness might be because regular firing of the rail

sites preventedThemedaf NB Y &+ GiGFAyYyAy 3 YIFEAYdzY &A1 S FyYyR @A 3
and thus outcompeting smaller, less competitive herbaceous specie

a2NB NBOSyid 62N)] KIFa O2y¥TANYSR Themddsd australisladst { G dzo ¢
indeed grow rapidly after fire (Morgan 1996; Lunt 1997b), so that by three yearsfipmsgaps

between Themedail dzi a2 O1 & Ay +Gradsiapd\idave Qastly Higagpeared RViorgan

1998a). A study by Lunt and Morgan (1999a) confirmed that species richness is signitchrad

in patches wher&’hemedads dense. Studies have found that forb seedlings need gaggriive and

grow (Hitchmoughet al. 1996; Morgan 1997 1998a), that regular burns can increagap size

(Henderson & Hocking in prep.), and that short iffiez intervals are important fomaintaining

populations of adult interstitial species (Coatdsal. 2006).

However attempts to encourageative species through burning have been less successful. Lunt and

Morgan (1999a) found that although intermittent burning in a previouglyzedGrasslandeserve

gla aaz20AraSR gA0K | at A3KG AYyONBI i Spedieggc & LISOA S
native and exoticg with wind-blown seeds. Morgan (1998b) Und that fire frequency was not

reflected in differences in species richness or vegetation composition inGiessland with

different burning histories over the last 10 years. Resule&se more promising in drassland

reserve managed with six burns over 17 years (Lunt & Morgan 1999b). Here, comparison with an

dzy 6 dzNy & O2y iNBf L) 20 F2dzyR GKIFIG a¢KS FNBIdSyidf e
cover) with relatively little aver of exotics (7%), whereas the rarely burnt zone was dominated by
SE2GA0 &4LISOASE ondiz O20SNL gAGK 2dzad nm: O02@SNJI 2

The differences found in this last study appear to relate more to the effects of firehemeda
(which are discussed below) than to encouragement of seedling establishment in native forbs.
Seedling establishment appears to be a relatively rare event in productive temp@rassland.
Morgan (1998d), who counted seedlings emerging eight months aftére in a regularipurnt
Grasslandemnant, found that only six native species had seedlings. A second study of recruitment
patterns in four remnants (Morgan 2001) found few native seedlings over theykamr study
period. However what native seedlingcruitment therewere, 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
Grassland: they tend to rely on paistence of existing individuals, rather than on recruitment of
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new individuals. Although there are some annual and biannual species, most are perennial, and
perennial species resprout after fire (Lunt 1990; Morgan 1996). Unlike rRi@ayhlandspecies
Grasslandoerennial forbs tendnot to have a large permanent store of seed in the soil (Morgan
1995,y 1998b). Many species germinate easily and rapidly, and are not inhibited by darkness
(Willis &Groves 1991; Lunt 1995, 1996; Morgan 1998c), charatitesiwhich imply that seedbanks
will be rapidly depleted by germination. On the other har@rasslandspecies almost all flower
within the first year after a fire (Lunt 1990; Morgan 1996, 1999), and flowering effort for many forbs
is concentrated in thefirst postfire year, dropping considerably in year two (Lunt 1994). These
species are therefore using the third strategy discussed in Section 1.2.2 for ensuring aesthide
after a fire: creating seeds rapidly. Pdiseé rainfall is also almost cetinly an importandeterminant

of recruitment success fdBrasslandgpecies (Morgan 1998c, 2001).

Maintaining matrix grass vigourResearch has shown that in many situations, fire plays aruvital
in maintaining the vigour of th&rasslandnatrix specie Themeda australisThemedadominated
large areas of temperate Australia prior to European settlement (Prober & Thiele M@@8jnyet
al. 2003; Prober & Thiele 2004), and in some places, continues to do so Rdagarch has also
found that a healthyThemedasward can, in turn, limit or reduce weed invasitims is discussed in
the next section. Studies fronsrassland and Grassy Woodlargl are included irthis and the
following section.

Both timesincefire and fire frequency studies have documentegasitive relationship between
fire and Themeda A decline inThemedaabundance and vigour with increasing tirsiacefire has
been noted by several researchers. Morgan and Lunt (1999) stUdiethedaat various posfire
ages in &rasslandemnant near Mlbourne. 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 pofite. By 11 years without disturbance, almost all vegetative matter
tussocks was dead, and tussock numbers per unit area were half those in rdmemtlyareasLong
unburnt tussocks were significantly slower to recover when a fire did finally occur, antbWwad
tillers. Also in Victoria, Robertson (1985) found ardase in the abundance dhemedan unburnt
woodland areas, whiléicrolaena stipoidegWeeping Grass) increased. Clarke (20@®yking in
Grassy Woodlandiear Sydney, found cov@bundance ofThemedawas higher inrecently-burnt
than in unburnt sitesSimilar responses have also been reported from South Afribare some

forms of Themeda triandrgsynonymT. australi® a0 SO02YS Y2NAOEBZFRTFANBE 8§ KS .

1997).

Fire frequency studies have linked abundditemeda australiso regular burning In aGrassland
reserve near MelbourneThemedadensity 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 199izssp
Woodlandnear SydneyThemedadominated theground layer in sites burnt at least oncelecade,

but not in sites with over 20 years between the last two fires (Watson 2005)-teomgexperiments

in South Africa, wher&éhemedas a common savannah grass, have also recocoediderably more
Themedadn frequently than in infrequently or loagnburnt areas (Uyst al.2004; Fynret al. 2005).

Why does fire maintaimhemedavigour? Periodic defoliation appears to prevent the shifding
which suppresses tiller production (Bond 1997; Morgan & Lun®L9ire removes the thiakiulch
of dead material which prevents seedling regeneration (Morgan & Lunt 1999). Smokplayas
role in cuing seed germination ithemedaBaxteret al. 1994; Wood 2001), although not aludies
have found this to be the cag€larkeet al.2000). Summegrowing C4 grasses suchfdemedause
water more efficiently and have lower nutrient requirements thansadson andvinter-growing C3
grasses likdicrolaena stipoidefPoaand Austrodanthonisspecies (Ojimat al. 1994; Nadolnet al.
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