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FIRE ANDHE VEGETATION OF THE MURRUMBREZHDON

Scope of this review

This literature review forms part of a suite of materials thatdpots aims to produce ieachregion
in which it works. While most Hotspots products are targeted to landholders, litera¢wiews are
directed towards a professional audience. Their primary aim is to provide ecolbgaajround to
underpin and infornthe messages about fire that Hotspots and local Ni&ttitioners present. A
secondary aim is to offer a platform for discussion and debate on theofdiee in regional
vegetation types. In both cases we hope the outcome will be more informethfiregement for
biodiversity conservation.

This review considers literature relevant to a subsetagetation classes in the (former)
MurrumbidgeeCMA regiorof New SouthWVales (NSW It aims to help land and fire managers not
only to understand thémpactsof fire in the region, but also to place that understanding in a wider
ecological contextCompanion documents covering tBorder Rivers$swydir,Central West, Hunter,
Lachlan, Murray, Namoi, Northern Rivers &@ulithern Rivers regions aatso availableWatson
20064, b 2007Watson and Tierney 2008, 2009, Graham, Watson and Tierney, 2012, 2014, 2015

Fire affects different plant and animal species differently, and fire regimes compatible with
biodiversity conservation vary widely between ecosystema@B997; Watson 2001; Bradstoek
al. 2002; Kennyt al. 2004). This document explores the role of fire in the vegetation formatidns
Keith (2004). All vegetation formatiercovered in this review also occur in the Border Rivers
Gwydir, Central Westakchlan, Murray and Namoi CMAdowever the literature is limited for some
vegetation formations and this is reflect@uthis review. Fire is also of limited occurrence in most
wetland types thoughit can occur in Forestéd/etlandg and the Alpine complefwhich falls
entirely within Kosciusko National Parit)erefore wetlandsind the Alpine compleare also not
considered in this review. The broad vegetation formations of Keith (2004) can be fauthdivided
into classes (Table 1). Where literature iméts, the fire ecology of classes that occuttia
Murrumbidgee Valley idiscusseddlthoughthere isoften no literatureavailable at theclasdevel or
limited to only one study).
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Talde 1: NSW Vegetation Formations and Classes (Keith)ring in the Murrumbidge¥alley

VEGETATION FORMATION

KEITH/EGETATION CLASS

ALPINE COMPLEX 1 Alpine Heaths
1 Alpine Fjaeldmarks
1 Alpine Herbfields
1 Alpine Bogs and Fens
ARID SHRUBLANDS 1 Aeolian Chenopod Shrublands
Chenopod subformation 1 Riverine Chenopod Shrublands
SEMIARID WOODLANDS 1 Riverine Plailwoodlands
Grassy subformation 1 Inland Floodplain Woodlands
Shrubby subformation 1 Dune Mallee Woodlands
9 Sand Plain Mallee Woodlands
1 Semiarid Sand Plain Woodlands
1 Riverine Sandhill Woodlands
91 Inland Rocky Hill Woodlands
DRY SCLEROPHYLL FORESTS 1 UpperRiverina Dry Sclerophyll Forests
Shrub/grass subformation
Shrubby subformation 1 Southeast Dry Sclerophyll Forests
1 Southern Tableland Dry Sclerophyll Forests
1 Western Slopes Dry Sclerophyll Forest
HEATHLANDS M Southern Montane Heaths
FORESTED WETLANDS 1 Eastern Riverine Forests
91 InlandRiverine Forests
FRESHWATER WETLANDS 1 Montane Bog and Fens
1 Montane Lakes
1 Inland Floodplain Shrublands
9 Inland Floodplain Swamps
GRASSLANDS 1 Temperate Montane Grasslands
1 Riverine Plain Grasslands
GRASSY WOODLANDS 9 Tableland Clay Grassy Woodlands
1 WesternSlopes Grassy Woodlands
1 Subalpine Woodlands
1 Southern Tableland Grassy Woodlands
9 Floodplain Transition Woodlands
WET SCLEROPHYLL FORESTS 1 Southern Escarpment Wet Sclerophyll Fosest
Shrubby subformation
Grassy subformation 1 Montane Wet Sclerophyll Forest
1 Southern Tableland Wet Sclerophyll Forests




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 frequenejg®sent broad
recommendations, based on the data that is available. Individual species (including threatened
species) and identified endangered ecological communities may require specific fire regimbsand
cannot be accurately assessed for thesetagibased on broad observations at the formatiomd
class level. It should also be kept in mind that fire frequency is generally regardedasdul
influence on ecological processes. However fire intensity, season, patchiness, fire dnst@yang

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

other factors (e.g. system productivity) or an interaction of factors determine sybiediversity
outcomes. This may include recent anthropological clear(@.g. fragmentation effectsp that fire
produces differing outcomes through time and space that go beyond predictions based
vegetation type. Biodiversity patterns are alsochwsimplified by classificatido vegetation
formations and classes. Detpthese complications, fire is an important driver of biodiversity in
many systems in the Murrumbidgee Valkayd one that must be managed. There is thus a strong
need forfurther research to fine tune the use of fire management in the region.

1. FIRE ECQIGY SOME IMPORTANT CONCEPTS

Before addressing the literature on specific vegetation cksseme ecological concepts and
principles underlying current understanding of fire regimes are exgldf@erelated attributes that
vary between species are canvassed, along with a rangenakpts including disturbance,
succession, interspecific competition, landscape productivity and patch dynamics.idéase

provide a framework which helps explain how fires have shapedhbtis@pe 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

Plantspecies differ in the way they respond to fire. Hiedated 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, relative to fire, new plants can establish

Time taken to reach crucial life history stages.
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Plant communities are made up of species with a variety ofréilated attributes. These differences
mean plant species are differentially @fted by different fire regimes; fire regimes therefore
influence community composition.



Regeneration modes
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whether mature plants subjected to 100% lesabrch die or survive fire. Most adultsggfrouting
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suckers or rhizomes, from woody swellings called lignotuaetise base of the plant, from
epicormicbuds under bark on stems, or from active fiire buds(Gill 1981). Some resprouteiss.
those which regrow from root suckers or rhizomes (sugblady grass and bracken), daarease
vegetatively after a fire. However other resproutersinat increag vegetatively, antherefore
need to establish new plants to maintain population numbers, as adults will eventualgndggie.
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a fire, these specia®ly on regeneration from seed. Obligate seeder ggegenerally produce more
seed(Lamontet al. 1998), and greater numbers of seedlings (Wetrkl. 1987; Benwell 1998) than
resprouters, and seedling growth rates tend to be more rapid @Blhte 1996; Benwell 1998; Bell
2001).

These categories are not invariant. Survival rates in the fielddth resprouters and obligate
seeders change with fire intensity (Morrison & Renwick 2080jne species exhibit different
regeneration strategies idifferent environments (Williamst al. 1994; Benwell 1998; DEC 2002).

Seed storage and dispersal

Fire provides conditions conducive to seedling growth. Shrubssglamps, litter and sometimes
canopy cover are removed, allowing increased light petignato ground level and reducing
competition for water and nutrients (Williams & Gill 1995; Mamgl998a). For plant speciesttike
advantage of this opportunity, seeds need to be available. Taerseveral ways in which thian
be accomplished.

Somespecies hold their seeds in gutant storage organs such esnes, and release them after a
FANBO® ¢KSAS WaSNRGAY2dza Q iadElpredsatént fariligs, farLiS OA S a
exampleBanksiaHakeaand Callitris Some eucalypts release seedéasponse to fire (Nobl&982;

Gill 1997). The degree to which seed release also sdnuhe absence of fire variegtween

species (Ladd 1988; Enrigtttal. 1998).

A second group of species stores dormant seeds in the sthildarmancy requirementsvhich
ensure germination occurs mostly after fire. Heat promotes germination in many legumesetShea
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Rocheet al. 1998; Flemattet al. 2004). Some taxsespond best to a combinatiorf these twofire
relatedcues (Morris 2000; Thomas al. 2003).

A third strategy is to create seeds rapidly after a fire, throughdired floweringXanthorrhoea
species are a weklnown example of this phenomenon (Haddl979; McFarland 1990), however
shrubs such as the Crinkle Busimatia silaifoligDenham & Whelan 2000) and the Waratah
Telopea speciossin{Bradstock 1995) also flower almost exclusively in the years after ey
grassland forbs (herbaceous planwhich are not a grass, sedge or rush) exhibitadhéacteristic
(Lunt 1994).

Finally, some species rely to a greater or lesser extent on seedigamirom outside the burnt
area. This strategy is not common in very-fir@ne environmeng such as @astal heaths, where
seed dispersal distances seem to be limited to tens of metressarih most species (Auld 1986;
Keith 1996; Hammi#t al. 1998). However some wind and vertale-dispersed species do ocdar
these environments; examples include pgiawvith fleshy fruits such d@2ersooniaspecies angome
epacrids (e.gStyphelisand Leucopogorspp.). Thee species may have a differeptationship to fire
cycles than do taxa whose seeds are noteljidlispersed (French & Westobh996; Ookt al.

2006).

Recruitment relative to fire

Species also differ in when they establish new plants relative toFimemany species in fifgrone
environments, recruitment is confined to the immediate péisé period (Auld 1987; Zammit &
Westoby 1987; Cowlingt al. 1990 Vaughton 1998; Keittt al. 2002a), although this may vary
between populations (Whelaet al. 1998) and with posfire age (Enright & Goldhin 1999).Some
species, however, recruit readily in an unburnt environment, and are therefore able touguild
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,dito reproductivematurity and,for

resprouters, time to fire tolerance are important variablesjsaduration of seed viabilityhe time

from seed germination to reproductively I G dzNB | Rdzf G A &prilnaiduieyiile  a | & LIS C
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regrowth to produce viable seed (Morrisehal. 1996). The length of these periodiffers between

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

Clarke 2004). Once flowering has occdré may take additional yeatsefore viable seed is

produced, and even longer to accumulate an adequate seedbank @VatkL987; Bradstock &
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In resprouters, the primary juvenile periodaien much longer tharthe secondary juvenile period,
as well as being longer than the primary juvenile period in equivalent obligate seeders1@®3th
Benwell 1998). Resprouter seedlings are not immediately dierant: it may take many years
beforelignotuber development or starch reserves are sufficient tovallhe young plant to survive a
fire (Bradstock & Myerscough 1988; Bell & Pate 1996).

The length of time seed remains viable is another importantadei but one about which not a

great dealis known. It is clear, however, that species vary greatly (Keith 1996). The seedbanks of
serotinous species are likely to be depleted more quickly than thospeafies with soiftored seed,
although much variation exists even here (Gill & Bradstock ;1id@2risonet al. 1996). Speciealso
vary in whether seedbanks are exhausted by a singléditieer through germination or

destruction). Species which store seed in the canopy, andespetiose soistored seeds are
relatively permeable (e.dgsrevilleaspecies Morris 2000), are unlikglto retain a residual store of
pre-fire seeds through the next interfire interval. However some species, gendnaie with hard,
soilstored seeds such as peas and wattles, retain viable ungatedrseed through more than one
fire; Bossiaea laidlawiandrom southwest Western Austradi, is an example (Christenserkéimber
MPTPOUP® ¢KAA IAPSE GKS&aS aLlSOASaE | WKSRISQ F3AFAYSE

Disturbance, succession and anaaigm shift

Disturbance and succession are basic concepts in ecologgnéatvin understanding of these

processes has informed several theories and models which afeldseunderstanding the way

plant communities; groupings of species with differefite-related attributes¢ respond to fire Fire

is adisturbanced | RAA&AGdzZND I yOS Ol ely disSretdeSehtinfifehatnioved | y & NB
organisms and opens up space which can be coldrigendividuals of the same different

& LIS OA S aet al. 8990% I concept encompassesuring discrete events such s®rms,

floods and fires, as well as @oing processes like griag. Disturbance may stem franatural

phenomena or human activities (Hobbs & Huenneke 199®) isubiquitous throghout theg 2 NI RQ &
ecosystems (Sousa 1984).

Successiofollows disturbance. This concept has been of inséte ecologists since Clements
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a T2t f Bigukbginge, deveral assemblages of species progressively oaaiigy each giving way
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(Noble& Slatyer 1980). Implicit in this model is the idea thatong®A y I f = WOf AYIFEQ O2 Y
equilibrium with the prevailing environment.
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A popular metaphor for thisquilibrium paradigmh & Wik OS 2F y I (petiR@® / 2y a
aligned with this model focuses on objects rather than pases, concentrateon removinghe

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

nature is left to take its course (Pickettal. 1992). Fire does not s#asily in the balance of nature

approach, which influenced attitudés burning, both in Australiand elsewhere, for many years.

For example, forester C.E. LaReole argued to the Royal Comniigssfollowing the 1939 fires in

Victoria for total fire exclusion on the grounds that this would eraidtural succession to proceed

resulting in a less flammable forest (Griffiths 2002).

Over recent decades, however, a paradigm shift has been undeBvagrs include the realisation
that multiple states are possible within the one community (Westebsl. 1989), as are multiple
successional pathways (Connell & Slatyer 1977). Mgstrtantly from a conservatioperspective,
it has increasingly been recognised that periodgtutbance is often essential tnaintain diversity,
allowing species which mhgotherwise hae been displaced to continue tmcur in a community
(Connell 1978).

Thisnon-equilibrium paradigmOl y 6S Sy Ol LJadz F 6 SR o0& Sdaki§ LIKNI asS u
important in this paradigm: equilibrium at a landscape scale mahé@taduct of a distribution of

statesor patchesin flux (Wu & Loucks 1995). Implications incladegitimateg or even vitak role

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

objects. This doesot, of coursejmply that all humargenerated change is okay; it does mean

human beings must take responsibility for maintaining the integrityatural ecosystem processes

(Pickettet al. 1992; Partridge 2005). Fire fits much more cortébly into the nonequilibrium
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Theory into thresholds

The nonrequilibrium paradigm forms the basis for a numbethafories and models which have
been used to inform an understanding of fire ira@s in Australia. These include thigal attributes
model of Noble & Slatyer (1980). It can also be usgedefine disturbance frequenayomains
compatible with maintenance of particular suites of species. This hMuibheenused to develop
fire managenent guidelines for broad vegetation types in NSW (Kegtral. 2004).

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

and an upper threshold. Lower thresholds are set to allow all speaiesrable 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-felated characteristics are grouped int

functional types (Noble & Slaty 1980; Keitlet al. 2002b). The vulnerability of each group, afd

species within sensitive groups, can be assessed through considgfatiz ¥ G KSANJ WGA G © |



Functional types most sensitive $tiort interfire intervals(high fre frequency) ontain obligate
seeder species whose seed reserves are exhausted by disturbapegations of these species are
liable to local extinction if the interval between fires is shorterrthiaeir primary juvenile period
(Noble & Slatyer 1980). The minimumaerfire interval (lower thresbld) to retain all species in a
particular vegetation type therefore needs to accommodate tidveon in this category with the
longest juvenile period (DEC 2002).

Species whose establishment is keyed to fire (Noble and Skeafer 1§ KS&4S WL & LIS OASEAQ0
sensitive tdong interfire intervals(infrequent fire): they are liableotlocal extinction if fire doesot

occur within the lifespan of established plants and/or seedbanks (Noble & S1%86). The

maximum interval {pper threshold) therefore needs to accomdaie the taxon in this category

with the shortest lifespan, seedbank includ&xHC 2002; Bradstock & Kenny 2004

Data on plant life history attributes relevant to settilayver thresholdsg regeneration modes ah

juvenile periods; are much more readily available than the information needed toupgter

thresholds¢ longevity of adults and seeds. Keretyal. (2004) noe the lack of quantitative datan

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

Gt NBESfte o6FlaSR 2y |aaddzYLIiA29BB| f RNEBy2$RERAGE (4 DY
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also be arguethat upper thresholds need to consider not only the deristics of individual plant

species, but also competitive interactions between species.

Competition and productivity

The effect of dominant heathland shrubs on other spebi@s been recognisegli { @ Ry S& Qa
sandstone country (Keith & Bradstock 1994; Tozer &®&ok 2002). When life history
characteristics alone are considered, a feasible fire frequenapéoconservation of both these
dominant obligate seeders and understorey species appeans 130 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 nextfpesgeneration Similar
dynamics have beenbserved in other Australian heath commueg (Specht & Specht 1989; Bond
g [FTRR Hannam0 YR Ay { 2dzi fO; Collimg Gkabail 99R; Vlokigktén T &y o 2 3
2000). An understanding of this dynamic has highlightedrteed to include in heathhdfire

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



The competitive effect on understorey vegetation may be gaitirly profound where dominant
shrubs resprout (Bond & Ladd 2001). Unlike obligate seedersipdonresprouters will continué
exert competitive pressure immediately after a fing drawing orsoil 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 have been documented in
2 §$3 G SNy Gumaberafi®l@idWoodland, where denseltbts of the prickly resprouting
shrubBursaria spinosare associated with a reduced abundance dfestshrub species, particularly
obligate seeders (Watsagt.al 2009).

Bursariahas the advantage of being aliterecruit between fies, whereas most sclerophyllous
(hard-leaved) shrub species recruit almost exclusively after dRivedie & Slatyer 1976; Cowliay

al. 1990; Keitret al. 2002a). The vital attributes model explicitly idemtgispecies able t@cruit
betweenfirescb 20t S |y R { I (@& Sqahdiheif ptopeiisikySoydontihtite i#hedS OA Sa Q
absence of disturbance is also explicitly noted (Noble & 3148@0). However to date little

emphasis has been placed on the role of T species whesrrdeting fire frequency guidelines. T

species are almost certainly more prevalent in some environmtiats in others, for example in
rainforests, and conversely in arid areas where recruitmeay tne geared more to periods of

unusually high rainfall ordbding than to fire.

The importance of competition between plant species, and tigsitnportance of disturbance to
disrupt competitive exclusion, is likely to vary widimdscape productivity A second nonequilibrium
paradigm offshoot, thelynamic equilbrium model(Huston 1979, 2003, 2004pnsiders the
interaction of productivity and disturbance in mediad species diversity. In harshvironments
where productivity is low, interspecific competition is unlikely to be great. Hdisticfactors such
as low rainfall, heavy frosts and infertile soitsitithe number of plant speciesble to grow, and
also limit their growth rates. The need fostlirbance to reduce competitiveuperiority is therefore
minimal. In fact, a high disturbanceefijuency is pedicted to reducaiversity in these ecosystems,
as organisms will be unable to grdast enough to recover betweetisturbances. In highly
productive, resourcgich environments, haever, competition is likely tbe much more intense, as
many species cagrow in these ares, and they grow quickly. Herdiyversity is predicted to decline
where disturbance frequesy is low, as some species wilitcompete others, excluding them from
the community.

Landscape productivity, as defined by plant biomass axamae, is likely to increase wittainfall,
temperature, season of rainfaflwhere rainfall and warmemperatures coincide, there may be a
greater potential for plant growtlg and soil fertility (clay soils are often more fertile than dgn
soils, howevethey also tend to support more herbaceous, and éewhrub, species: Prober 1996;
Clarke & Knox 2002). Relatively frequent fire may thusbee appropriate in wet, warm,
productive fireprone systems than in those whose productivity is limited by mwdls, 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 Climatelimited systems These commuties 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 environmes)tand 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 fire, but their structure may alter fraasgyrto
shrubby. The Cumberland Plain Woodland described above fits into this category.

1 Firelimited. These vegetation types will succeed to a different community in the abs#nce
fire. In South Africa, these communities occur in higher rainfall areasinatude both
savannah and heath.

These three categories no doubt form a continuum. In NSW, liimitdty climate rather than fire
probably becomes more prevalent as average annual rainfall deese#én some arid and seianiid
environments, droughts aridr floods may complement or even regae fire as the primary natural
spacecreating mechanism (Cunningham & Milthorpe 19T&)course, climate and fire are
everywhere intertwined, with major fires occurring during mongml years when vegetation dries
out with drought.Higherthan average rainfall, however, is also intimately assodiatih fire inarid
and semiarid areas, as in many places fires will only sprghdn good seasons stimulate the
growth of grasses and herbs which become cured, contin@weisvhen rains retreat.

Climatelimited but firemodified systems can occur in atleagt2z Wa il 154 Q> F2NJ SEI YL
woodland andBursariadominated shrub thicket woodlanan the Cumberland Plain (Wats@005).

Firelimited vegetation types could sb be said to be ablto exist in different stateslthough the

differences between them are so great that they areeta thought about in this wayzor example,

in north Queensland;ucalyptus grandigrassy wet aerophyll forest is succeeding rainforest,

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

1994 Williamset al2012. However rainforest and grag wet forest are not generalgonsidered as

different states of a single vegetation type, trather as two different types afegetation.

Patch dynamics

The examples in the last paragraph illustrate how dynamic vegetatiorbe in relation to fire. In
some productive landscapes, variation in interfire intervals within broad thresholds, thatiaion
in time, may not be sufficient to maintain all ecosystem elements. Variatispacemay alsde
needed to ensure all possible states, and the plants and animalstipport, are able to persist in
the landscape. Fire can mediate a landscapdiftérent patcheswhose location may change over
time.
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For example recent studies in norefastern NSW indicate that somerdsts in high rainfall areas on
Y2RSNI (iSte& FSNIAES az2ita Ol lyfre§uen fired at htgrvdy 2 NB G K|y
between 2 and 5 yearsis associated with open landscapes inieh a diverse flora of tussock

grasses, forbs and some shrubs thrives (Stewart 1999; T28R2). Nearby areas which have

remained unburnt for periods over 15 or 20 years support highesiies of some shrub and

noneucalyptree species, particularly those able to recruit between firaek(& Bridges 1989;

Henderson & Keith 2002). Each regime provides habitat for aallgogiverse, but substantially

different, array of invertebrates ahsmall mammals (Andreet al. 2000; York 2000; Bickel®Basker

2004; Tasker & Dickman 2004).
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well as time. It can reduce conflict between those who theevalie in particular states (such as

grassy or shrubby vegetation in strbpical wet sclerophyll fores}shy pointing out the value of

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

may be desable in the landscape, the scale of mosaics, and vadthes factors. These questions

represent fertile ground for research and discussion in future.

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 betbaenajor
ecological management challenges for Australia (Mogbal. 20M®). This presents a significant
issue for fire ecologists who (likeost ecologists) have operateahder an assumption of an overall
steady state (albeit with large variability) in fire regimes. Genaedictions of increasing fire
frequency and intensity have been predicted to lead to mdjerdriven shifts in vegetan

patterns There are, however, a range of uncertainties around thesgliptions. Firstly, it is by no
meanscertain what (if any) changes will occur. Bradsteckl. (2008) reparthat the two major
driversoff ANB | NB & TANB gdhd; igrtiéNates) arid fuédad. WhisBincr@ages R A (i A
fire weather may occur, drier conditions could lead to less (Beadstock 2010; Penman & York
2012; Matthewset al. 2012) so thd fire regime changes are by meeans understood. Secondly,
shifts invegetation in response to fireillvbe limited by major habitatariables such as soil type
(Westoby & Burgman 2006) and more gealBr by the overall suitabilitgf adjacent areas (Keitkt

al. 2008). Additionally, selection andagatation in the face oélteredfire regimes may occur (Skelly
et al. 2007).
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2. THE LANDSCAPE, CULBARID CLIMATEF THE MURRUMBIDGER_LEY

The Murrumbidgee Valley is composed of filigtinct landcapegFigure ). Australian AlpsMonaro
Plain,tablelands(both part of the Southern Bstern Hghlandsbioregion),slopes(part of the New
South Wales(NSW)Southwestern Bpes bioregionand plaingcontainingparts of theRiverina and
Murray Darling Depression bioregiong)evationm the catchment varies from almost 20® above
sealevel (aslpn the slopes of Mt Jagungal at the head of the Tumut Rovapproximately 66 asl
at the confluence witlthe MurrayRiver(Murrumbidgee CMA, 2013)

The Murrumbidgeé/alley is one of the most heavily agriculturally developed catchmentSW N
The majority of preEuropearecosystemscross thecatchment have beedegraded or removed by
over a centunand a halbf agricultural landus€OEH VIS spatial datayn8rgistc pressure¢eading
to the extinction of numerous nativenammalspecies includevasion and occupation by feral
animals andveeds serious dgradation to land and water resircesandthe imposition of
inappropriate fire regimes.

The NSW part of thBlurrumbidgee Vallegontains 13.ocal Government AredsGAsyith a

collective popuktion exceeding 18000 residentsThe ACT is entirely contained within the

a dzZNNHzYo A RISS OF (G OKY Sy dargesyiftand cityysoppdith@bphilationdzfi G NI £ A | Q3
approximately 360000 resident®ther major population centres ar®ueanbeyar{an easterly

extension of CanberraWagga Wagga, Griffith, Narrandera, Cootamunp@andagai, Leetoand

YassBecause of the presence of large areas of highly productive land,llgpsoprtion of the

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

of Public Lands \egetated (OEH VIS spatial data).

There are only twdandscapesn the MurrumbidgeeValleywhere relatively largareas ofnative
vegetationremain(Figure 2, the largest area of native vegetation covers the Alpsaxjdining
ranges coveringhe headwaters of the Murrumbidgee, Tumut and Cotter Riversstly contained
within Kosciusko National Park and adjoining A&S&rveswhilstthe only other substarnal area of
native vegetation is locatedt the far east of the catchment along the crest of the Great Dividing
Rangeo the east of Queanbeyan and Cooma.

Many landscapes in the Murrumbidg®&alley have been entihgcleared;as a result they have little
biodiversity or conservation value. Notably the fertile and lower slope sections of the Southeastern
Highlands and NSW Southwestern Slopes have no high quality remnant vegéfiagionore fertile
floodplains and laver slopesof the Riverina and Murray Darling Depression Bioregawmasalmost
entirely cleared of native vegetaticand support major irrigated agricultural industries.
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Thereare reliable flows in the MurrumbidgeRiver ad the neighbouring MurraiRiverbecause of

the reliable spring snownelt from the Alp. CSIRO (2008) and NSW Government (2015) predict that
rainfall patterns and hydrological regimes across the Murray catchment will be strongly influenced
by global warming. Substantial declines in rairdald increases in temperature are expected this
century with stronger indications emerging of a complete loss of snowfall in the coming century
(NarClim 2015).

The Murrumbidgeé/alley ismostly contained within thélgunnawalWiradjuri, Nari Nariand Muthi
Muthi whose member#ave utilised and inhabited the landscape for tenghofusands of years
(Flood, 199% The Aboriginal nationalities within th&urrumbidgeeValley utilisedire for

maintaining ecosystem processes and for economic purposes over these millennia. Muckdgeow!
of traditional burning practices has been Idsim the Murrumbidgeéevalley
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Figure 1: Extant native vegetationtime Murrumbidgee Valle§OEH VIS data)
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3. LANDSCAPE GRADIENTS AND DRIVERS OF BIODINNER$E
MURRUMBIDGE¥ALLEY

The substantial rafall gradient across the Murmbidgee catchment from east (>28mm p.a) to
west (~30@mm p.a.), createsubstantialvariation in vegetation system$hese rangérom grassy

wet sclerophyll forests on the high rainfall tablelarsagl temperate montane grasslanatsthe

upper parts of the cathment, tosemiarid woodlands and inland floodplain shrublands dominated
by ligrum in the nid-reaches of theeatchment andarid shrublands dominateldy chenopodsn the
far west of the catchment (OEH VIS data)

A substantial eastvest gradient of riparian forests occurs along the major drairegs of the
MurrumbidgeeRiver.EasternRiverine Forests dominated by River O@kquarina cunninghamiaa
grade intolnland Riverine Forests dominated by River Red @unalyptus camaldulenyiand
Inland Floodplain Woodlands dominated by Black BoxXargiflorenkin the far west.

The vegtation communities othe Murrumbdigeecatchment have evolved witlire as a prominent
driver during thencreasng aridity ofthe Tertiary and Quaternary periods, and many communities,
populations and species are critically reliant upon fire to maintaseatial life cycle components
(White, 1999) Fire intensity and frequency vary greatly across the vegetation communities occurring
within the Murrumbidgeéevalley,primarily a afunction of variation in rainfall and site productivity.

The wet sclerophyfbrests in the east of the catchment have the greatest biomass of any vegetation
community in the catchment, whilst the grasslands and chenopod shrublands on the far western
plains have the least.

Native vegetation patterns in the Murray &ley

Aconsiderable proportion of thpre-European vegetation of thBlurrumbidgeecatchment has
been lost, mostly due to extensive clearance of, and ongoing degradation to, the vegetation
occurring on more productive and fertile landscapBse Murrumbidgeé/alky isa major
component of the wheabelt that extendsfrom Victoria through the western slopes and plains of
New South Wales to southern QueenslaRdrmerlyextensive areas of grassy box gum woodland
within these landscapes have been entirely removedtileeand higher rainfall tablelani@ndscapes
at the eastern end of the catchmettiat previously supported Eucalypt forests have suffered a
similar fate. Collectively, lhese landscapes asome of themost heavily fragmented and poorly
reserved bioregios in Australia (Commonwealth of Australia, 2006).
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Conversely, rocky and infertile landscapes supporting vegetation types stdhras RckyHill
Woodlands and Senairid Sand Plain Wéodlands contain a much greater proportion of pieuropean
vegetation The largest conservation reserves in the catchment are Kosciusko National Park and
several adjoining Australian Capital Territory reserves including Namadgi National Park.

On the &r western plains of the Murrumbidgedalley depositional patterns are cqex and involve
both alluvial and Aeolian processes. The floodplains and sandpfithe far west of the
MurrumbidgeeValley support a complex mosaic of chenopod shrublands, grassland auiizwd
communities.

4. FAUNAEXTINCTION IN THE MURRUMBIDGHEE

Most Critical Weight Range (CWR)mmaals are extinct in the Murrumbidgeéalley. The extinction

of populations of bandicoots, small wallabies and potoroids as well as native rodents and carnivores
(Burbidge and Mackenzie, 1982)d replacement with sheep, cattle, faxgabbits and cats has led

to a fundamental shift in ecosystem dynamics across the catchmentsHiftisn mammal

community compositiornas resulted in anyriad of deleterious impacts on the diversisgructure

and function of remainingative species.fie consequences of such a large shithe fauna

community will likely resonatéor many generations toame.

Extinction rates ofvoodland and forest bird species have historically been low, howevecant
decades many species have experienced major declineghantate is acceleratinfReid, 1999)
Few, if any, populations of Bush Stone Curlew, Barking Owl, Hooded Robin, Black Chinned
Honeyeater and Speckledanbler remain within the Murrumbidge¥alley an substantial
populations of Grexxrowned Babbler, Diaond Firetail and Brown Treecreepae limited in
number and decliningReid, 1999)

The Riverina population of the Glossy Black Cockatoo is listed as an Endangered Population under
the TSC Act. Thewival of this population is critically dependent upon the availability of fruiting
SheOak Allocasuarina verticillafgtrees for food Many important stands of this species are in an
advanced state of posdtre senescence anare no longer producing frit1 (Milton Lewispers. comm

5. THREATENERPECIES AND COMMUNITDES HE MURRUMBIDGEE VALLEY

The Murrumbidgeeatchment containg richdiversity of native floa and fauna species including 89
species listed agulnerable 56 Endangered15Critically Endangere@nd4 Endangered
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populations.Many species are endemic to the Australian Alps at the head of the Murrumbidgee
catchmentincluding the Mountain Pygmy Possum, the only marsupial restricted to alpine
ecosystemsMany species occupy antited range are threatened by numerous processes and face a
very high risk of extinction due to stochastic events.

Within the Murrumbidgeévalley here are 1EEndangered Ecological Communitésl 1 Critically
Endangered Ecological Communisged under the NSW Threatened Species Conservation(A&C
Act) known to occur in the Murrumbidgee Vall®QEH data, Table s well adive Endangered
Ecological Communities and one Critically Endangered Eal@gimmmunity (Table)2isted under
the Commonwealth Environment Protection and Biodiversity Conservation Act (EPBC Act).

Table 2 NSW Endangered Ecological Communities known radlicped to occur in the
MurrumbidgeeValley

Conservation Status
Scientific Name

Commonwealth
NSW Status (EPBCStatus
Acacia melvilleshrubland in the Riverina and Endangered
Murray-Darling Depression bioregions
Allocasuarina luehmanniVoodland in the Endangered
Riverina and Murrayparling Depression
Bioregions
AlpineSphagnunBogs and Associated Fens Endangered
Buloke Woodlands of the Riverina and Murray Endangered

Darling Depression Bioregions

Fuzzy Box Woodland on alluvial Soils of the Soy Endangered
Western Slopes, Darling Riverine Plains and
Brigalow Belt South Bioregions

Grey BoxEucalyptus microcarpasrassy Endangered Endangered
Woodlands and Derived Native Grasslands of

Southeastern Australid Inland Grey Box

Woodland in the Riverina, NSW South Western

Slopes, Cobar Peneplain, Nandewar and Brigalc

Belt South Bioregions

Mallee and MalleeBroombu$ dominated Critically
woodland and shrubland, lacking Triodia, in the | Endangered
NSW South Western Slopes Bioregion

Montane Peatlands and Swamps of the New Endangered
England Tableland, NSW North Coast, Sydney

Basin, South East Corner, South Eastern Highla
andAustralian Alps bioregions

Myall Woodland in the Darling Riverine Plains, | Endangered Endangered
Brigalow Belt South, Cobar Peneplain, Mufray

Darling Depression, Riverina and NSW South

Western Slopes bioregions

Natural Temperate Grasslandtbe Southern Endangered
Tablelands of NSW and the Australian Capital
Territory
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Sandhill Pine Woodland in the Riverina, Murray | Endangered
Darling Depression and NSW South Western
Slopes bioregions

Tableland Basalt Forest in the Sydney Basin ant Endangered
SouthEastern Highlands Bioregions

Tablelands Snow Gum, Black Sallee, Candlebal Endangered
and Ribbon Gum Grassy Woodland in the Soutf

Eastern Highlands, Sydney Basin, South East

Corner and NSW South Western Slopes Bioregi

White Box Yellow Bax f | & RBeld &n Endangered Critically
Woodland Endangered

6. VEGETATIOBOMMUNITMND FLORA SURVEYS OF MURRUMBWXEEEY

Publications describing the vegetation of parts of the Murrumbidgee Valley commence with the
journals of the first Europeaexplorers of Australia, from the early 1800s until approximately the
1850s (Mitchell, 1848; Sturt, 1833) Publications containing mapping and floristic descrigtibes
vegetation of the Murrumbidge®alley commenced in the 1940s (Beadle 1948; Moore 1963
recent times a number of statewide vegetation classifications have been completed (Keith 2004;
Bensonret al2008; OEH 2011). These vegetation classifications describe distinct vegetation
formations, subformations, classes, communities and assocmtlwat occur within the
Murrumbidgee Valley.

There is a substantiéias towardformal conservation reserves the survey and analysis of native
vegetation communities @curring in the Murrumbidge®alley, althoughthis mayreflectthe general
lack of ndive vegetation remining on private freehold land he majority opublications describing
the vegetation communitieand associations of the Murrumbidg&&lley are restricted tthe
vegetation occurring within formalonservatiorreserves (ERM, 189Pateners 2001, 2007, 2011)
although Keith(2004), Benson (B®%), DEC (2006gnd Maguireet al. (2015)all describevegetation
communities across the entire landscape. The lack of an extensive body of literatwantetiz
vegetationcommunitiesoccurringon freehold tenure is primarily because little intact remnant
vegetation remains across the majgrof these lands in the Murrumbidgaéalleyand because (as
in most of Australia) there has been little study of privately owned native vegetation

Publicdgions describing the vegetation of parts of the Murray Valley commence with the journals of
the first European explorers of Australia, from the early 1800s until approximately the 1850s
(Mitchell, 1848; Sturt, 1833) Publications containing mapping anfilodescriptions of the
vegetation of the Murray Valley commenced in the 1940s (Beadle 1948; Moore 1953). In recent
times a number of statewide vegetation classifications have been completed (Keith 2004; Benson
al 2008; OEH 2015). These vegetatiorssifications describe distinct vegetation formations,
subformations, classes, communities and associations that occur within the Murray Valley.
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7. VEGETATION COMMUNITESTHE MURRUMBIDGER_LEY

TheMurrumbidgeeRiver arisesit an elevation of approximalg2000m in theAustralian Alp
southwest of the Australian Capital Territoiyhe rivethen arcs around the east, north and north
west of the Alp to flow well overGDkm to its confluence with thurrumbidgee Rive(Figure 2.
The catchment is composed &ive distinctlandscapesAustralian Alps, Monaro Plaisouthern
tablelands, slopes anglains.Sections ofive bioregions are contained withthe Murrumbidgee
Valley From east to west they ai®outh Eastern Highland&ustralian AlpsNSW SoutiWestern
Slopes Riverina and Murraarling Depression.

The NSWDffice of Environment and HeritagfEH2015 detemined that54 vegetation types
occur within the Murrumbidgee ValldAppendix L Theseb4 typesalign with34 State (Keith)
vegetationclassesand 13 formations orsubformationg(Table J.

Of the 34 classeR0 align with FinhDeterminations for listing aEndangered Ecological
Communitieaunder the NSW Threatened Spes Conservation A¢t995) a further 6are listed as
Threatened Ecolgical CommunitieéTable 2 under the Commonwealth EnvironmeRrotection
and BiodiversityConservation Act (1999
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I.  FIRE INSRASSLANDS

Extensive natural gralssds were a prominent featuref the preEuropearvegetation of the
MurrumbidgeeValley Bensoret al. 1996,DEC, 2006 hesevegetationcommunities are
considered to have contained isolateat no, treesand shrubgBenson 1996Williams & Morgan
2015. Natural grasslandsiostly occupied higher fertility and flatter landscapes that have been
extensively converted to cropping or grazing usghin the Murrumbidgeevalley(Keith 2004,
Prober & Thiele, 2006

Thestructural andfloristic composition of the atural grasslands of the Murrumbidg&alley varies
widely as a result ahe interplay betweerclimate, fire, landscape productivity and altitudinal
influences Most natural grasslands ithe MurrumbidgeeValley have &igh proportionof exotic
plants and few, if anyare free of weedsWithin the MurrumbidgeéValley all the ¢mperate
montane grassland communities and the eastern miagrine floodplain grassland communitiage
criticaly fragmented and reduced to highly degraded and widely scattered remiiBatsson 1997)

Grasslands within thMurrumbidgee Vallehave be@ described bjNPWS (1998 ensoret al.
(1997,2006) Portenerq1993,1998, 2000)Eco LogicdR006) DLWC(2000)and DEQ2006) These
compiise two Keithclasses of naturalrgssland Temperate Montane Grasslands aRiverine Plains
Grasfands(Keith 20040OEH, 2011)

A substantial literature on the fire ecology of sowthst Australian grasslands exists (e.g. Stuwe &

Parsons in 1977; Morgan 1998a,b,c,d, 1999; Lunt 1995; Morgan 1997; Lunt 1997a; Lunt & Morgan
1999a,b; Verrier &irkpatrick 2005). This literature is largely based on studighefmedaustralis

dominated grasslands from southern Victoria, Tasmania and the southern New\Salgk ranges

and slopes. However, grasslands do share a number of consistent ecolaiteadwen among
O2ylGAySyGa 6aSS hQ/ 2yy2N mddmhenegarassiakdSis FANBE S O2 f
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 VictorianThemeda australigrasslandsThemedagrows rapidly posfire (Morgan 1996Lunt
1997d) anckliminates gaps amon@ hemedaussocks within three years. The diversity of Hystem
is largely due to the diversity of forbs that grow in theasgock gaps. When burnt, manytbé
grassland forbs that exist in these tussock gaps also resprout and then flower at high€L vaties
1990,1994; Morgan 1996). These species then produce sgech is generally neadormant (Willis
and Groves 1991; LuaB95, 1996; Morgan 1998b) and they colonise available gapsgided post
fire conditions such as rainfall are favourable (Hitchmoeghl. 1996; Morgan1997; 1998b, 2001).
Hence, Lunt and Morgan (1999) document significant vegetation changehenaedagrassland
after a 11 year fire free period (which corresponds to a loss of forb species aredlicted probable
decline in the nordormant fraction of the seed bank).
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This time since fire effees also likely to interact with the spatial scale of a fiexause 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 byrbing alone (Lunt & Morgan 1999a; Morgan
1999). These sites are likely to have exhausted the seed Hardna@lormant seeds. Howevespme
of the forb species in these grasslands employ a cotinteitive life history strategyRather than
being small sha lived highly dispersive species, these spe&swploy a persistence strategy
growing after disturbance ie. drought and frost from underground bulbs, tubers or rhiz(Boesl &
Midgley 2001). Seedling establishment appears to be a relatively rare ievireiseThemeda
grasslands but it is generally associated with fire (Morgan 1998d: Morgan 2001 )lifehiree
fitness (total offspring from an individual) is related to survivorship through timeneximis
reproductive oppotunity when a fire event ocurs.

Frequent fire (intervals of a few years) thus appears to be an important management goal to
maintain diversity in the studie@hemedagrassland systems. However, the dominating role of
Themedan these systems means that factors that affect itsgigtence at a site are also important.
Watson (2005) in grassy woodland near Sydney foundTthatmedadominated 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 (20073lso reviewed literature relevant to the health and persistencélidmeda
This review found that lorgnburnt sites or sites with infrequent fire had lower densities of
Themedan both Australian grasslands and South African savanna compared to shdsagiient
burns (based on Robertson 1985; Clarke 2003;et/gs 2004; Fynret al. 2005; Prober and Thiele
2005). This difference was attributed to less s#ldding suppression of growth in burnt sites (based
on Bond 1997; Morgan & Lunt 199%he factthat fire removes mulch which otherwise prevents
seedling regeneration (based on Morgan & Lunt 1999) and also that fire may provide seed
germination cues (based on Bax#dral. 1994; Wood 2001 Basic physiological differences among

grass species (i.e. malineages native to hot arid environmetsNS &/ n AN} daSaé¢ | yR

STFSOGAPSte Ay RNE O2yRAGAZ2YEA GKIFIY 20GKSNJ a/ o
among grass species. Thus Wat§2007) suggested that becausemmergrowingC4 grasses such
asThemedause water more efficiently and have lower nutrient requirements thassedison and
winter-growingC3 grasses likdicrolaena stipoidesPoaand Austrodanthoniaspecies (Ojimat al.

1994; Nadolnet al. 2003),these characterists may give C4 species a competitive advantage in a
frequentlyburnt environment (Fynret al. 2003).

Watson (2007) also found compelling evidence that the competitivenegherhedamay provide
resilience to the grassland systems it dominates in relatoneed invasion. This evidence comes
from negative associations of weediness witlemedgbased on Morgan 1998d; Lunt and Morgan
1999b; Cole & Lunt 2005; Watson 2005) and also from studies that have investigated nlgnogjen
and regulation in woodlaats with aThemedadominated ground layer (Probet al. 2002b;Proberet
al. 2005). Regeneration dthemedacombined with higHrequency fire may thus redudbe

elevated nutrient status of weed infested sites and promote system resilience. Hovileses,
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1998d; Setterfieldkt al. 2005). Concerns that this might appbyperennial grass species with high

invasive potential such d&ragrostis curvul@African Lovegrasd)lassella neesian@hilearNeedle

Grass) and Serrated Tussodlagsella trichotomp have been expressed (Stuwe 198l4dolnyet al.

2003, Marshall & Mes 2005). fiere are examples of results (Lunt & Morgan2000) and applications

(Johnson 1999) of integrated strategies that included fire in the managecaieveed species in

grassy systems, and use of this approach wigmmdaptive management framewonkay be worth

exploring in grassland remnants.

Research has also investigated the effect of grazing in these grasslands. Specifically some
researchers have investigated grazing impammpared to vegetation removahd found that there
are differences amg these treatments (e.g. Verrier & Kirkpatrick 2005). More generally graasg
been associated with a declineTinemedaProber & Thiele 1995; Chilcat al. 1997;Fensham
1998; Mclintyreet al. 2003; Dorrougktet al. 2004).

An informative study by Pleer et al. (2007) investigated the interaction of fire frequency and
grazing (native grazers and mag) in two contrasting systemene with aThemeda australis
dominated ground layer and one withPoa sieberiandominated ground layerKey conclusions
were that: 1.Themedawas resilient to 4 and 8 year fire frequencies but declined with biennial
burning under drought conditions; Poareduced in dominance (was replacediyemeda with
high fire frequency; 3. Low frequency fire (up to 14 years fire)fdéd not lead to sward collapse of
Themedgpossibly because of increasBdaabundance), and 4. Grazing exclusiahteincreased
tussock abundance and inflorescence production. They concluded that a systemixeth
dominants ThemedaandPog is lilely to have increased resilience in the face of varjineg
frequencies and grazing pressures.

TemperateMontane Grasslands

In the Murrumbidgeé/alley Temperate Montane Gglands occuat sites that ardbetween &0

and 1500m above sea levéhat receive between 500 and50mm rainfall per annun@Keith, 2004)
Composition varies with altitudéopograpty and soil typeFertile soils and gentleelief are

prominent features othe landscapes that Temperate Montane Grasslands ocaiipyn the
MurrumbidgeeValley(Costin,1954a; Benson, 1994, Keith & Bedward, 1998omaset al., 2000
Keith2004) The Temperate Montane Grasslands of the Upper Murrumbidgee Valley, particularly
those on the Monaro Plain, are the most extensmaeeurrences of this Endangereddiogical
GCommunity inNSW.
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Community under the Commonwealth Environment Protection and Biodiversity Conservation Act
(1999), although not listed under the Hatened Species Conservation Act (1995). Most Temperate
Montane grasslands in the Murrumbidgee Valley are highly degraded and very few are protected in
formal conservation reserves.

Clay soils are generally dominated by the tussock gradsesieda austrss (Kangarodsrass) and
Poa sieberian§Snowgrass), drainage lines are often filled with dePea labillardier{Tussock).
Sandy clay loams formed from granite tend to be dominatedogtrostipa(Speargrass),
AustrodanthonigWallaby Grass) dothriochoa (Red Grass) (Keith 2004). Tlatser community, or
parts of it, may be a degraded form of the former, having lostlitemedao grazing over time
(Benson 1994; Marshall & Miles 2005; Wat@l. 2006).Amongst the tgsockgrasses which
dominate Tempeate Montane Grasslands grow forbs, including daisies, lilies,gra@hsrchids (Lunt
et al. 1998; Keith 2004). Unfortunately, exotic grasses and forbs arecatamon (Benson 1994;
Dorroughet al. 2004). Modification through the use of fertilizer asdwing of exotic herbs and
grasses has also been widespread (Benson 1994; Semple R8873ining native specieminated
remnants are therefore a valuable conservation resource (Eetdyl, 1998).

A suite ofthreatened fossoria{ground burrowingyeptile species arenostlyrestricted toTemperate
Montane Grasslands and occurtite Murrumbidgee Valleincluding thenationally vulnerable Pink
tailed Legless Lizardgrasia parapulchel)aand theLittle Whip SnakeSuta flagellunh Populations
of these pecies are smaénd suitable habitats are highlsagmented(Jenkins and Bartell 1980;
Jones 1992, 1999 Osborne & McKergow 1993; Osborne & Jones 1995)

Eightdistinct Temperate Montane Grasslamgdmmunitiesare known from the Monaro Plain and
adjoining parts of the Australian Alps (Benson, J9%4is includea tussock grassland community
restricted toswampy areas witimpeded drainage on valley floors. This community is dominated by
Tussock Gras®¢alabillardieri), Snow Gras$. sieberianaar.sieberiand, SawSedge Carex
appressaand Swamp FoxtabrasqPennisetunalopecuriodes With increasing moisture in the

lower parts of the landscape, tussock gitassl communities intergrade intontane Bogs and

Fens

Other Temperate Montane Grassland comnitigs that occur in the Murrumbidge¥alley are
dominated byKangaroo Grag¥hemeda austral)sRedleg Gras8¢thriochloaspp.) and Speargrass
(Austrostipaspp.).Ths community occurs on better dreed soils han wet ussck grassland
communitiesand occupies relatively fertile soils derived froarious substrates.
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While little research has addressed the effects of fire in Temperate Montane Grasslandslatiee
@S3ASHI GAZ2Y Re ylbwahdyiasslands have Geéreektidnsivaly studied. Many species
this ecosystem are the same as, or similar to, those found in Temperate Montane Grasslands.
+AO002NAI Qa 3ANJI & aThemedazaustralsBhiclRi® atsa ah limp@tant cordponenit
Temperate Montane Grasslands (Edd\al. 1998; Keith 2004; Dorrougdt al. 2004; Gellie 2005).
Between the tussocks formed by this species grow forbs and subdominant grasses (Tremont &
Mclintyre 1994, Kirkpatrickt al. 1995).

Grass / forb dynamicsThe need to consider the role 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
as®ciated with a higher richness of native plants than was grazing or fire exclusion. All sites were
dominated byThemeda australiéhis was a selection criterion), leading Stuwe and Parsons (1977)

to hypothesize that the differences in species richnessiiig because regular firing of the ralil

sites preventedrhemedaf NB Y &l GG F Ay Ay 3 YFEAYdzY aAT S | yR @A32
and thus outcompeting smaller, less competitive herbaceous species.

More recent work has confirmed aspects of StuweR t | NA 2 JHemedaiakish didads d

indeed grow rapidly after fire (Morgan 1996; Lunt 1997b), so that by three yeardipngjaps
betweenThemedai dza a2 O1 & Ay A OG2NALIQa f2¢fFyR IANIraatlh yR
1998a). A study by Lunt dMorgan (1999a) confirmed that species richness is significeettlyced

in patches wher& hemedas dense. Studies have found that forb seedlings need gaqstive and

grow (Hitchmougtet al. 1996; Morgan 1997; 1998a), that regular burns can incrgagesize

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

populations of adult interstitial species (Coatgsal. 2006).

However attempts to encourage native species through burning have beesuessssful. Lunt and

Morgan (1999a) found that although intermittent burning in a poesly-grazed grassland reserve

gl a aaz20AFriSR 6A0GK | afA3KG AYONBIFasS Ay alLISOASsH
native and exotig with wind-blown seed. Morgan (1998b) find 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 grassiane

managel with six burns over 17 years (Lunt & Morgan 1999b). Here, comparison wiifbamnt

O2y GNRf LJ 203 F2dzyR (GKFd &a¢KS FNBIdzSy lichwer) 6 dzNy G T 2
with relatively little cover of exotics (7%), whereas the rarely burneasas dominated bgxotic

ALISOASE ondi: O20SNDL gAGK 2dad nm: O20SNI 2F yI (A¢

The differences found in this last study appear to relate more to the effects of fildhemeda
(which are discussed below) than to encouragenrgeedling establishment in native forbs.
Seedling establishment appears to be a relatively rare event in productive temperate grasslands.
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Morgan (1998d), who counted seedlings emerging eight months after a fire in a redulanty
grassland remnant, foud that only six native species had seedlings. A second study of recruitment
patterns in four remnants (Morgan 2001) found few native seedlings over theyfmar study

period. However of thaative seedling recruitmerthat there was almost all occurredh sites which
hadbeen 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, rathemthaecruitment of

new individuals. Although there are some annual and biannual species, most are perennials, and
perennial species resprout after fire (Lunt 1990; Morgan 1996). Unlike many heathland species,
grassland perennial forbs tenbt to havea large permanent store of seed in the soil (Morgan 1995;
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 germinatiorOn the other hand, grassland spesialmost 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 posfire year, dropping considerably iegr two (Lunt 1994). Thespecies
are therefore using the third stitegy discussed goage 5for ensuring seed iavailable after a fire:
creating seeds rapidly. Pefite rainfall is also almost certainly an importatgterminant of

recruitment succestr grassland species (Morgan 1993a01).

Maintaining matrix grass vigour

Research has shown that in many situations, fire plays argltain maintaining the vigour of the
grassland matrix specidhemeda australisSThemedalominated large areas e¢émperate Australia
prior to European settlement (Prober & Thiele 198Bdolnyet al. 2003; Prober & Thiele 2004), and
in some places, continues to do so todRgsearch has also found that a healithemedasward

can, in turn, limit or reduce weed invasi this is discussed in the next section. Studies from
grasslands and grassy woodlands are includddisgnand the following sectiomBoth timesincefire
and fire frequency studies have documented a positive relationship betfiseandThemeda A
decine inThemedabundance and vigour with increasing tirsimcefire hasbeen noted by several
researchers. Morgan and Lunt (1999) studidetmedaat various posfire ages in a grassland
remnant near Melbourne. Numbers of tussocks, numbers of tillersymsackand numbers of
inflorescences all declined with time since fire. Significant declines wereliisstved at five years
postfire. By 11 years without disturbance, almost all vegetative mattémsaocks was dead, and
tussock numbers per unit are@ere half those in recentipurnt areasLongunburnt tussocks were
significantly slower to recover when a fire did finally occur, andfaaer tillers. Also in Victoria,
Robertson (1985) found a decrease in the abundandéemedan unburnt woodland aas, while
Microlaena stipoide$§Weeping Grass) increased. Clarke (20@8yking in grassy woodland near
Sydney, found covesibundance offhemedawas higher imecently-burnt than in unburnt sites.
Similar responses have also been reported from SoutlcgAfrhere some forms ofhemeda

triandra (synonymT. australi3ad 6 SO2 YS Y2 NA 0 dzgR MW NBKES o @23 Ry T 0 d
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Fire frequency studies have linked abund@hemeda australit regular burning. In a grassland
reserve near Melbournéelhemedadensitywas 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 199@h¥sin
woodland near Sydneyhemedadominated the ground layer in sites burnt at least onc#eaade,
but not in sites with over 20 years between the last two fires (Watson 2005) -eonmgexperiments
in South Africa, wher&hemedds a common savannah graksayve also recordedonsiderably more
Themedan frequently than in infrequently or loagnburnt area (Uy<et al. 2004; Fynret al. 2005).

Why does fire maintaiithemedavigour? Periodic defoliation appears to prevent the séldding
which suppresses tiller production (Bond 1997; Morgan & Lunt 1999). Fire removes thentidatk
of dead material whiclprevents seedling regeneration (Morgan & Lunt 1999). Smokepiagya
role in cleing seed germination imhemedgBaxteret al. 1994; Wood 2001), although not aludies
have found this to be the case (Clakteal. 2000). Summegrowing C4 grasses suchhemedause
water more efficiently and have lower nutrient requirements thansgison anavinter-growing C3
grasses likdlicrolaena stipoidesPoaand Austrodanthonisspecies (Ojimat al. 1994; Nadolnet al.
2003), and these characteristics may gB&species a competitia@vantage in a frequentipurnt
environment (Fynret al. 2003).

The vulnerability oThemedao lack of burning may vary with environmental or genetic factors.
Bond (1997) notes that some formsTfiemeda triandran South Africaappear to be immune to
selfshading, as tillers are borne on aerial shoots. Vigorous flowerimgaerheda australizas
observed in late 2005 along roadsides burnt in the February 2003 fires south of Canberra,
presumably in areas where fire had not beeaduent.

An additional factor in th@hemedastory concerns its response to grazing. Many researchers have
noted a decline iThemedawith moderate to heavy grazing (Prober & Thiele 1995; Chiktait

1997; Fensham 1998; Mcintye¢ al. 2003; Dorrougtet al. 2004). Where grazing has reduced but
not eliminatingThemeddrom the grass sward, fire may play a useful role in its retention and
regeneration (Prober & Thiele 2005).

Are other matrix grasses likely to respond in a similar fashion to fire? Tlitg abC4 species tase
nitrogen and water efficiently suggests these species are more likely than C3 grasses to have a
positive response to fire. Some C3 grasses, particlPardysieberianamay also be encouraged, or

at least not discouraged, by relgm burning. Tasker (2002) found thava sieberianavas

considerably more abundant in frequently burnt sites in the Nexgl&d Tablelands than in sites
which had not had a fire for many yeaktowever, h Snow Gum woodland in Namadgi National Park
Kelly(2004) was unable to detect a trend in the abundancPaé sieberiana plots subject to
betweentwo and 11 fires in a 4¢ear period.
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Themeda and weeds

Themeda australis of particular interest because it may be one of a smathber of native grass
species able to compete successfully against exotics (Cole & Lunt Z@d§xn (1998d), and Lunt
and Morgan (1999b) reported a significant negative correlation betwdemedaabundance and
species richness of exotic herbs in Victorian grasslands, whileow(2005) reported similar
findings in grassy woodland near Sydney.

Recent work in White Box woodlands suggests Tha@medanay play a key role in ecosystem
function, regulating nitrogen to the advantage of native perennials over exotic annuals (ftaile
2002b; Probeet al. 2005). Probeet al. (2002b) found degraded sites in western slopes rangelands
had higher soil nutrient levels, in general, than undegraded grassy woodlands. Exotic plamtasver
highest in more fertile soils, particularlyhere nitrate was high, whil€hemedaand Poasieberiana
dominated reference sites had the lowest levels of nitrate. These authors suggesnthatay to
restore a healthy native understorey in degraded pastures is to break the nuteéedback loop set

up by annual exotics (which die, releasing nutrients) by regenerating pereassalck grasses such
asThemedaAtest of this proposition (Probest al. 2005) foundreductions in levels of both nitrate
and exotics in experimental plots seeded withemeda Thesaeductions were most impressive
when Themedaseeding was combined with burning (two fires grear apart). Probeet al. (2005)
02y Of dzZRSY & h dzNJ TH&Gredizhay e a keysRisekies Sabldit&drivie and maintain
the soil understoreystem in a lownitrate condition that, ifappropriately managed, remains
NEBaAaldlyld (G2 6SSR AYyQDl arzyoé

Although many exotics may be deterred either directly or indirectly through regular burning, other

weed species may be well equipped to take advantafe oi KS Wa Gl ot S Ay @l airzy gaA
frequent fire (Morgan 1998d; Setterfiett al. 2005). Concerns that this might apply to perennial

grass species with high invasive potential suckragrostis curvul@African Lovegrasd)assella
neesianaChilean Needle Grasand Serrated Tusso¢Klassella trichotomghave been expressed

(Stuwe 1994; Nadolngt al. 2003; Marshall & Miles 2005

Where perennial exotic grasses occur amongst or alongside native tussock grasses, fire may have
both benefits ad risks. Enhancing the vigour of native tussock grasses may help keep exotic
perennials in check through competition. On the other hand, some exotic perennials flower rapidly
and profusely after fire and may have more extensive and permanent seedbamkadtiae species
(Odgers 1999).

Research on the capacity of fire andfnemedao influence the rate of spread of invasive exotic
grasses is limited, but what there is gives cause for cautious optimism. One study, by Lunt and
Morgan (2000) found that dese stands ol hemeda australisignificantly slowed, but did not
eliminate, invasion by Chilean Needle Grass (CNG) in a Victorian grassland. Hocking (nd), who
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followed up various initiatives to address infestations of CNG in Victorian grasslands, fouladetha
spring burning reduce the area occupied by CNG tussocks, and curtailed seed production and
recruitment. Oversewing of areas where CNG had been sprayed ouThétimedamet with varying
degrees of success in terms of tussock establishment, howeverevdstablishment didccur
Themedawvas able to hold its own against, though not eliminate, CNG over-gdaeperiod.

Integrated weed management, combining fire with other strategies, may provide answers in some
situations. The posfire environment pesents opportunities to target weed species while in an
active growth phase, before they flower, and while they do not overlap native species. Hguking
recommends a combination of periodic spot spraying, late spring burningl eertieda
establishmenfor managing Chilean Needle Grass. In grassland remnants ineasthVictoria,
managers follow ecological burning in early summer with herbicide applications tdipost

regrowth of perennial exotic grasses, particuld®bspalum dilatatunand Phalarisaquatic(Johnson
1999). The extent to which various combinations of fire and other strategies can askagtinng
aggressively invasive weeds in temperate grassy vegetation would be an excellent fubject
adaptive management (Bradstoekal. 1995; lunt & Morgan 1999a).

Riverine Plain Grasslands

The extensive riverine plains of the loweuNay and Murrumbidge®ivers ar&composed of very

fine grained greyporown clay and clay loam soils. These floodplains carry short, open tussock
grasslands with aabundance of herbs (Keith 2008&jiverine Plain Grasslands occupy floodplain and
valley floor landscapeis the west of the Murrumbidge®alleyincluding extensive occurrences on
the Hay PlainRiverine Plain Grassland communitiesur on silsthat are generally alluvial or
aeolianin their formationand include some of the mo#trtile cracking clay sailofthe catchment
(Keith 2004

Riverine Plain Grassids havepreviously beerlescribed byBeadle (1948)Porteners (1993)
Bensoret al. (1997) Keith (2004) and Bensat al. (2006. Benson(2008 and OEH (20)5dentify
five distinct Riverine Plain Grassland comntigs as occurring in th®lurrumbidgeeValley.Riverine
Plain Gradands arerestricted to thewesternplains of the Murrumbidge®alley inthe Riverina and
Murray Darling Degession Bioregiondg=ach communitpccupies a itinct landformand subgrate.

The heavylay soils of the plairare regarded as having supported botanically distinct grassland
within an area of generallpwer rainfall (3D-650 mm) compared to the Temperate Montane
Grasslands to the east and south (K&i@i94). Today, these grasslands have generally been heavily
modified by agriculture and remnantdten occupy small roadside strips or fragmented patches i
the landscapéBenson 1997)This grassland clasglistinguished by the dominance Afistrostipa
aristiglumis(Plains Grass) and common grgesera of the Temperate Montane Grasslands such as
Poaaregenerally absent. The H&fain is not generallsegarded as naturally treelessd historical
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observations by early explorers and surveyors support/tbe/ that this area originally supported a
complexof Weeping MyallAcacia pendulaand various chenopodB8ensoret al. 1997).

Lang (2008) also reports early records that mention high levels of native mammals with
numerous diggings that would have provided natural soil disturbance to the plains grasslands and
thus created colonisation opportunities for forbs. The dominancausitrostipa aristiglumiss

regarded by Lang to be an artefact of high grazing pressure and other changes post European
settlement with the suggestion that these grasslands wawesibly dominated by species such as
Themeda avenacg@lativeOatgrass) anéulalia auredSilky Browtop), with a range of forbs
occupying the interstitial spac@ere idimited historical evidence oftfriginal burning on these
plains, howevergiven the high productivity of the landscape andaogpd extensive use of fire by
Aboriginal peopleslsewhekg, this remains an open question.

Fire occurs infrequently in Riverine Plain Grasslands because of climatic limitations and a scarcity of
biomass due to high grazing pressurle extreme levels of modification to these systems mean

that they bear littleresemblance to their pr&uropean state and little is known or published about

the role played by fire.

II.  FIRE IGRASSY WOODLANDS

Grassy Woodlands are amongst the most protecof ecosystems in the Murrumbidg®alley.
They mostly occupy fertilandscapesndflatter terrain. Because of theelativelyhighsite
productivityand deep soilin the landscape®ccupied bygrassy woodlandshey are eomsystems
that are preferentially targetedor conversion to agricultural useBecause of this mosrassy
Woodlands in the Murrumbidge¥alley are recognised as Endangered Ecological Communities
under the TSC Actéble 2) Grassy Bessum Woodlands are recognised as Critically Endangered
Ecosystems under the EPBC Aeibfe 3.

Grassy woodlands are dtically fragmented ecosystem iAustalia (Prober and Thiel@2004
Commonwealth of Australia 20P8Agreatdiversityof grassy woodland communiti@ecupythe
MurrumbidgeeValley Keith 2004DEC, 2008Bensoret al2006). The floristic composition @frassy
woodland habitats in the Murrumbidgeéalley is stronglgriven by aclimatic gradienwaryingfrom
anaverageannual rainfall exceedinl200mm per annunn the Australian Alp® approximately
300mm in the far west of the catchment. This gradient encompasses the entireasiehais well as
parts of the arid andemperate climatizones (Breau ofMeteorologydata).
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The Murrumbidgee Vallesuppors a greatdiversity of Grassy Woodland®EHdata 2015. This is
primarily theresult ofthe substantial variatiornn rainfall across theastwest gradientand the
complex interactions oélevation, fire, topography, geology asdil formation processed he
climatic gradienpresent in the Murrumbidge Valleyallows forthe existence of a wide spectrum of
grassy wodland classefrom Subalpine and ablelandClayGrassy Woodlands in the edst
Floodplain Transition Woodlands in tixest

Fiveclasse®f grassy wodlands ae known from theMurrumbidgeeValley (OEH2015
Benson/RBG, 2008¥ubalpine Wodlands,Tablelands Clay Grassy Woodlargtsuthern Tableland
Grassy Woodlands, Western Slopes Grassy Woodlandslaodiplain TransitiokVoodlands,
collectivelythey span 8Regional Vegetatio@ommunities (Bensoet al2006 and OEH 201The
composition and distribution ajrassy woodlands in the Murrumbidg¥ealley has beedescribed

by Benson, 1992005 ERM, 1995; Porteners, 1996, 1998, 2000, Hunter 200@/C, 200EC,
2006and Benson 208 although most of this work hascused orthe vegetationcommunities
contained withinformal conservation reserves and public lanissonsiderable body of fire ecology
research now existfor the Grassy Woodlands. Théesearch ha predominately focusgon the
Western $pes Grassy Box Woodlands of New Sautiles and ofCumberland Plain Woodland
from Western Sydney. These woodlands are structusftyilar and share a number of species from
the lower strata but have distinct tree specid$us theresearch in these Grassy Woodlands is of
considerable value in relation to the Grassy Woodlandh®@Murrumbidgee Valley.

Keith (2004) presents both an extant and qgtearing map of New South Wales vegetation. At this
state-wide scale these once widegad woodlands (which ran as a contiguous vegetation band from
Queensland to Victoria) have been subject to the highest level of clearing of any vegetation
formation in New South Wales. These grassy woodlands are often highly fragmented and therefore
havereduced ecological function for fauna. This is particularly well documented for woodland bird
species (Reid 2000; Foetlal. 2001). Fragmentation is likely to also affect fire regimes and hence
floristic patterns (Hobbs & Hopkins 1990). &ash to datendicatesthat fire plays an important

role in regulating these woodlandBrober & Thiele 1993, 2005).

Western Slopes Grassy Woodlands

A diversity of Western Slopes Grassy Woodlemumunities occur in the MuumbidgeeValley.This

region isa significancomponent of the 8uth Western slopes of &lv South Wales a bioregion

OKI N} OGSNRAaSR o0& AGa 3INIadae ¢g22RtflFyRaA® ¢KSAS Iy
results from the conversion of millions of hectares of grassy box gum woodlandsgynitaltural
landscapegProber and Thiele 2001)

Western Slopes Grassy Woodland communities generally occupy sites with deep and fertile soils on
lower slopes and valley floors (ProberBhiele 2001 Benson 2008). Exceptions to this are grassy
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woodlandcommunities dominated by Mugga Ironbark, Long Leaved Box and Black Cypress Pine that
occur on upper slopes and ridgetops. Slope and ridge top variants of grassy box woodland
communities dominated by White Box, Blakelys Red Gum and Yellow Box have amouegdhat
generally contains more shrubs than communities occurring on lower slopes. Despite this, these
communities are still classified asagsy box woodlands (Bensehal 2006 OEH, 2011).

OEH (201plists 8 RVCs as occurring within the Western Slopessgréfoodland class in the
MurrumbidgeeValley. In the higher rainfall and mopeoductive parts of the regiothese
communities are dominated byvhite Box(E. albeny Yellow BoxH. melliodoraiand Apple Br E.
bridgesiand, Blakelys Red Gum and Rotmgitked Apple Angophora floribunda On floodplains
with lower rainfall (508600mm) further to the westi-uzzy BoandInland Grey Bogominate and in
lower productivity sites and on slopes and ridgdsigga E. sideroxylon Tumbledown Red Gurk (
dealbata)and White Cypres&Callitris glaucophylledominate these woodland communities.

The Ground layer

In the last decade there has been extensive ecological research undertaken in the grassy box
woodlands of N&. Much of this research has concentrated on the ground layettlisdvork has
been reviewed for the grassland formation above. This work has addressed the effémson
species diversity, system resilience, weed invasion and the interaction efifirgrazing.The work
strongly implies that: 1. fire intervals of ~¢2.0 years will generally be optimal foraintaining
diversity; 2. longer fire intervals will favour particular grass tussock specie®P@agjeberiand in
the ground layer (ratherrtan Themeda austral)s 3. diversity in the grass specig®sent may help
buffer the ground layer against weed invasion; 4. increased nitrogen levelsgeagiated with
grazing) lead to a decline in the system (including declines in the grass spetigsderpin the
system- Proberet al. 2002b; Probeet al. 2005); and 5. removal g@frassover (artificiallyan act in
a similar manner to fire, however, grazing is also associated with other changessiystbm and is
not an ecological replacemefur fire.

Does the ground layer in grassy woodlands (which is floristicallysirailar to the grass / forb layer
in grasslands of the slopes and Victorian plains) differ icitdogical response to fire from
grasslands? A few studies have investigdtedeffects of tree anghrub cover on the ground layer
of woodlands or other related systems. In African savannagXample, tree clearing can lead to
undesired shifts in the grass composition of the ground l@Barnes 1979). Given that tree loss
from the grassy woodlands has been ongoing until at leastabent past (Fisher & Harris 1999),
this is an issue to consider in these woodland systems. @itdis(1999) studied tree and grass
interactions on the New England Tablelands and found eviddratéhere was an association
betweenPoa sieberianandMicrolaena stipoideandthe dominanttree Eucalyptus laevopinedhe
deeprooted summer growind\ristida ramosain contrast, wasnore abundantway from tree
canopies and root zones. This suggéisé Themedgalso a summer growing grass) may be
favoured away from tree canopies. This was confirmeitiénstudy of Probeet al. (2002a) in which
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Themedadominated in gaps anBoadominated undettree canopy in box woodland. Watson (2005)
also found ginificant differences in grass and fapecies composition among open patches,
patches around trees and patches und@mrsariabushesin Cumberland Plain Woodland. Similar
interactions among ground layer species and shrubs baea found in other systermend nutrient
patterns, water relations, herbivory levels and selstributions may bessociated with these
patterns (e.g. Facelli & Temby 2002).

Because overstorey cover and fire can both influence grass dominance there are likebotagiex
interadions of tree and shrub cover with fire and the ground layer. For example, tree owaser
favourPoawhich appears to be more resilient to longer infae petiods. Tree cover in grasbpx
woodlands was also associated with higher species richnessotihisrelate to alteredhutrient
status, water status or changes in the sward structure (i.e. recruitment opportunity) buglgads
likely these factors interact. Watson (2005) did not find increased species richnesscandeies in
Cumberland Plain Waglland. It is likely that differences in the ground layer may resoih differing
interactions among vegetation layers and differing historical patterns of covefirand

Tree cover

Inferring preEuropean vegetation patterns can be problematic becaasty records of vegetation
patterns postsettlement may bébiased (e.g. Benson & Redpath 1997). However, thereid®ence
that the woodlands of eastern Australia did exist in conjunction with large treglessland areas
before European settlement (Gbiey & Bowie 1990; Croéit al. 1997). Sinceettlement there has
been a general reduction in tree cover in these woodlands (Prober & Bt8@4h Windsor 1999),
but the pattern is not consistent across all areas (Fisher & Harris 1999).dthik loss ofrees

from thelandscape can be attributed tgricultural activities (Fisher &arris 1999). Few studies
directly investigate the effect of fire on the trees of box woodlands fmat Windsor 2000).
However, given the dominating presencekafcalyptus miéodoraand Eucalyptus albengrellow

Box and White Box) in these woodlands, understanding the fire ecofdgygse species is a critical
component to understanding the effects of fire on the tree layer. Thsuiscularly so given that the
regeneratio strategies of eucalypts in general are well underst@ad. Nicolle 2006) and that there
are both conceptual (e.g. Noble & Slatyer 1990) and populatiodels (e.g. McCarthst al. 1999;
Tierney 2004) of species that provide a guide to the effecfs®bn species with differing
reproductive attributes. The key attributes that determine the respooBeucalypts to fire are: 1)
resprouting capacity posdire; 2) seed production (time to reproductiveaturity; seed set changes
in response to fire); 3)eed longevity (as aerial or soil seed banks}e®d dormancy (and dormancy
break cues), and; 5) seedling estabinent, survival and maturatiomates.

Eucalyptus melliodoris recorded as being a resprouting sjes (DEC 2002), adisalbengWatson
unpublished data Additionally, seed characteristics of the eucalypts are generafigidered
consistent within thegroup. Eucalypt seed generally lacks dormancy (Gross & Zimmer 1958;
Langkam987) and doesot form persistent soil seed banks (Ashtorv@9VIahos and Bell 1986;
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Myerscough 1998; Reaat al. 2000; Hill & French 2003) although some aerial seed storage do
occur (House 1997). Eucahgeed also has morphological features associated with low diape
capacity (small size; higiensity; no éspersal appendagessee van der Pijl 1982) and related
species with these features dwve limited dispersal abilities (Tierney 2003). Of these attributes, the
capacity to resprout posfire is perhaps the major driver of eucalypt fire response. Yetes

(2007) modelled populatiopersistence in the rare Myrtaceous speciésticordia staminosand
found that adult survivatontributed the most to longerm population persistence. Similarly,
Eucalyptus caesigopulationsappear to be most buffered fra decline because this species
resprouts (Yatest al. 2003). Thesepecies occur in vegetation with an open structure. The coastal
woodland speciesdngophorainopinais another resprouting species from the Myrtaceae that has
been modelled to be highleslient to altered fire frequencies in the short to medium termeffiey
2004). In contrast to thgeneral trend amongst woodland eucalypts, a number of foresagy/pts

are seeder species amlocate more resource to growth than to storage; this-history strategy

may be less successfuldpen woodland systems (see Bond & Midgley 2001 and references
therein).

Over the longterm, loss of trees from woodlands may occur, even for resproutiegisp (Bowe&

Pate 1993). Recruitment events are requiredtfee replacementA number of key attributes can

be postulated as likely to affect recruitment opportunity (e.g. gapthé ground layer; competition

with other species such as weeds; favourable weather conditjogamfall for seedling

establishmen}. Watson(2007) reviewed the triggers for eucalypt establishment in wooddsand

noted the following: 1fire has been associated with enhanced recruitment opportunities (Semple &
Koen 2001; Let al. 2003, Hill & French 2004); 2) recruitment may amtgur wherethe ground layer

has low cove(Curtis 1990; Semple & Koen 2003; 3) fire that kills somé aaidaks may enhance
recruitmentopportunity (Wellington & Noble 1985); 4) fire can enhance seedbed condifiar
recruitment(Clarke & Davison 2009;0 FANB OFy GNRARIIASNI adzFFAOASY
al GAl antsZAAdRrseh 1988; Florence 1996) and 6) recruitmenyt bre episodic depending on
the interaction of factors that affect it (Wellington & Noble 1985; Curtis 1990; Clarke 2000).

High mortality in the juvenile (seedling) stage is a feature of many tree species across a range of
ecosystems, including eucalypts (Henry & Florence 1966; Wellington & Noble 1985; Clarke 2002).
Eucalypt seedlings that do survive probably are fire tolevethin about seven years (e.g. Adtal.
1993) and many species that grow in fpne systems will have developed a lignotuber witthiis

timeframe (Semple & Koen 2001; Clarke 2002). These may, however petsistBIF Yy OS R I NP 4 (i K

seedlings fogears (Noble 1984). Growth rates of tree seedlings can be highly variable in woodland
systems (e.g-ordyceet al. 2000; Tierney 2004). However, under optimal conditions many species
probablygrow quickly from a suppressed state (e.g. Forddtcal. 2000; Floence 1996). High fire
frequencyis one factor that can suppress the progression of plants into adult stages (Wliahs
1999).
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In sum, woodland tree species that can resprout are likely to be resilient to variations in the fire
regime in the short tanedium (decades) term. Over longer timescales recruitment events need to
occur to replace trees lost from the landscape. Ground layer condition (low sward densitgyédsy
of weed competition) and variations in rainfall, grazing pressure, soil consli(@g. nutrientevels)
and seed production levels will interact to determine seedling establishment and grateth
Management actions which may enhance opportunities for eucalypt establishment include
restricting grazing and reducing the density gsbtc grasses and herbs above and below ground
(Windsor 1999; Semple & Koen 2003). Very {tmmm fire exclusion may also cause a decline in
woodland eucalypt populations (Withers & Ashton 1977; Lunt 1998b). In the CPW study reported
above (Watson 2005)iré frequency did not significantly affect either adult tree density, adult tree
basal area, or the density of suppressed seedlings or saplings

Shrubs

Although shrubs are not prominent in White Box woodlands, they do occur, particularly ferkiss
sites (Prober 1996; Semple 1997). The importance of fire in theyldie of shrubs in deast some
temperate woodlands is apparent from an experimargtudy of fire and grazing @umberland
Plain Woodland. Hill and French (2004) found both specibaef#s and abundanas shrubs was
significantly greater in plots burnt 18 months earlier, whether by plannashpianned fire, than in
unburnt plots. Similar findings have been obtained in grassy woodlanttseamorthern tablelands
(Knox & Clarke 2006).

More recently, a survey in nine CPW remnants with differing fire histories found a high aburtdance
Bursaria spinosin sites where fire frequency was low (these sites had been unburnt for atd8ast
years prior to a recent fire), to the point where shépecies dominated much of the landscapleis
finding accords with those from productive grassy ecosystems around the world, wicezases in

the density of woody plants in the absence of fire have been observed (Lunt 19B8aliext al.

2001; Allaret al. 2002; Bongkt al. 2005). Patterns for native shrubs other thBarsarig however,

were different: these shrubs were more abundant in sites burnt once or twitecade than in

either low, or high, fire frequency sites. Obligate seeder shrubs wericplarlyinfluenced by fire
cycles: the abundance of these species was lowest in sites whose last iritddital had been over

20 years, and highest where fire frequency was moderate (Watson 2005).

The relatively low abundance of obligate seedarsery frequently burnt sites is easily explainigd:

a second fire occurs before these species have grown sufficiently to set seed, then only
ungerminated seed from before the first fire will be available to keep them in the community. The
low abundancef obligate seeder shrubs in low fire frequency sites probably owes something to
competition fromBursaria which resprouts vigorously after a fire and thus is in a good position to
capture resources in the podire environment. Obligate seeder shrubs e Cumberland Plain

may also decline in long unburnt areas because they are not particularhilelg with sodstored
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seed which eventually decays if firelated germination cues are absent. A moderate fire frequency
allows these shrubs to increasepulation numbers through prolific germination.

How relevant are these CPWihdings to woodlands of the Murrumbidgee Vall&y

The literature suggesthat native shrub abundance in these woodlands is generally low irrespective
of fire regime:competition from abundant grasses may be the primary control (Semple 1997).
Bursariamay thicken up in some places in the absence of fire. A recent survey by DEC (2086) on t
eastern edgef the central west slopes fourBursariathickets in one vegetatio community

allocated to thewWestern Slopes Grassy Woodland class (Capertee Riaughd Appleg Regunt

Yellow BoxGrassy Woodland, DEC 2006). Where this is the case, fire frequency may regulate the
balancebetween shrubby and open patches, as it doegst@nCumberland Plain. Some sclerophyll
speciesparticularly peas (e.dndigofera australisPultenaeaspp.) and some wattles, may respond

to fire ina similar manner to the CPW obligate seeders. If this is so, the absence of these species in
longunburntremnants may partially reflect lack of firelated recruitment opportunities. However
many of the native shrub species of the western slopes may use strategies for persistence which are
relatively independent of fire. Shrubs whose seeds are distribuyeligher animals (e.g. shrubs

with fleshy fruits likeLissanthe strigosdersooniaspecies, and perhaps also some wattles)yiord

(e.g. daisy bushes, dogwoods), are often able to establish in the absence of fire (Campbell &Clarke
2006; Ookt al. 2006).The majority of shrubs found MWestern Slopes Grassy Woodlandy fall

into this category.

One native shrub species which has been very successful in building up its population in the
MurrumbidgeeValleyis Cassinia arcuataor Sifton Bush (Sempl®90). Semple (1990) believes a

major factor inthe relatively recent prolific spread of this shrub is decreased competition from

native grasseg afunction of changed grazing regimes, and perhaps secondarily, in the case of
woodlands oncelominated byThemeda of reduced fire frequency. Loss of overstorey cover may

also play a rol¢Semple 1990; Sue Wakefield, pers. comm. 2007), although Sifton Bush can be found
in considerable abundance even where the tree canopy is intact (Bower 2005). Sifton Bustegrodu
copious seeds, which germinate readily with no sign of a need ferdiated germination cues.

These characteristics give it a formidable strategy in any environment which provides conditions
conducive to seedling establishment.

Might fire be a usaefl tool in the control of Sifton Bush? Semple and Koen (1993) explored this

guestion through a series of experiments on the tablelands near Orange. They found that fire,

particularly hot fire, was quite effective at killing existing Sifton Bush plantartungtely, theyalso

recorded extensive podire germinationg like most native obligate seeder shrubs Sifton Bloak

an effective strategy to stick around in a fpeone envionment. Semple and Koen (199@pretfully

S2y Of dZRSR G KI Gy Adlj! daS X ORAYNENEBA A (25T KE A oorheltedtiviquiza &  dzy
G2 O2yGNRt aSSRfAy3Iaode
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It is possible that in some situations, additional burns might constitute an effective method to
control postfire Sifton Bush seedlings. However for this strategyork, subsequent fires would
need to take place before the new seedlings reached reproductive maturity (Semple 1990). This
apparently takes about two years (Parsons 1973 cited in Semple & Koen 1993), a relatively short
juvenile period. Howeverrepeatedbiennial burning may produce negative impaatsother

ecosystem elements his tradeoff might be worthwhile in circumstances whedeminance of

Sifton Bush is causing problems for biodiversity, particularly if only one or twoistemtals were
applied followed by a more moderate regime. A second or third fire would onlydssible where
sufficient grass fuel had developed. Strategies to encourage native tussock gnadsesl hemeda
australismight assist here.

Weeds

Fire may have a part to play limiting weeds, both woody shrubs such as African Boxthorne,
Blackberry, Hawthorne and Sweet Briar, and herbaceous species. In CPW, Africabl€idive (
europaeasubsp.cuspidatg is a major imasive woody exotic.dh Richteret al. (2005)showed that
fire has helped control Olive in one CPW remnant, by killing young plants beforedbamye large
enough to survive a burgqwhich they found took around six to eight years. Thisgings were
reinforced by Watson (2005), who encountered considerably naaredy exotics inow fire
frequency sites than in areas which had burnt at least once a decade. Very frequentlgibestin
this study had virtually no woody exotics. Olive can recruit between fires, an attnithiteh
probably characterises some othexotic woody weeds as well. Often seeds of these species
brought in to remnant native vegetation patches by birds, and establish below trees.

The situation with fire and herbaceous weeds outlined for grasslands is also likely to apply in

temperate grasy woodlands. An experimental study in degraded grassy woodland near Young

(Proberet al. 2004) concluded that fire had the potential to assist with the control of some weeds;

the tree species in this woodland wele albensk. melliodorandE. blakelyiTwo spring burns a

year apart dramatically reduced the abundance of exotic annual grasses, although perennial and

RAO20 lyydzat SE2GA048 6SNByQil 3ISySNIffte FFSOGSRY
found significantly fewer herbaceous weed spedie very frequently burnt areas than where fire

frequency had been low. There was a significant negative association, at a small scale, between the
abundance offhemeda australiand the species richness and abundance of exotic herbs: more
Themedaless veeds. Again these results echo those from grasslands and grassy woodlands

elsewhere. Postire weed control strategies are also likely to be beneficial.

Fauna

Research into the effects of fire in Western Slopes Grassy Woodlands has not, in gatended

to fauna. An exception is a study by Greenslade (1997) into the effects on invertebrates of a single
burn after a very long period without fire, in experimental White Box woodland plots near Cowra.
Although invertebrate numbers were lower on bupibts immediately posfire, differences
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disappeared within six months. Community composition, however, was somewhat different on

burnt and unburnt plots, with some species responding positively to fire and others being more

abundant in unburnt areas. Mofvertebrates in this study were Collembola (springtaidthough

FANB 6FayQi  YIFI22NI AyFtdzSyOS 2y GKS Ubeyers NI So NI
samples taken in spring and autumn, probably due to differences in rainfall.

An important consideration for these woodlands is the dramatic decline in woodland birds from this
landscape (Reid 2000; Fartlal. 2001). Fragmentation is consiee a key driver of this declirend

loss of trees and shrubs from the landscape which contributésrtber fragmentation shouldbe

avoided. Many of the bird species in decline require either structurally complex habitat or have
specific foraging requirements which only persist in larger remnants with intact tree and shrub
layers. Frequent fire may redethese values. However Hannahal (2007), who report a

significant positive association between recency of fire and thendbnce of a number of woodland

bird species in Central Queensland, recommend increased fire frequency in that grazed, fragmented
eucalypt woodland landscape.

Conclusion

The studies outlined above strongly suggest that fire has an important place in Western Slopes
Grassy Woodlands. Fire regulates the abundance of the two grasses that originally dominated this
vegetation class, provas opportunities for heat and smolaied shrubs and grasses to recruit, may
help young eucalypts to establish and grow, and can play a part in limiting and reducing the
abundance of weeds.

In a 2005article Prober and Thielering together what they haviearnt from over a decadef

research into grassy white box woodlands, and discuss implications for managers seekstgre
them. These authors point out the importance of looking beyond species composition to an
understanding of how ecosystems workey recommend understanding the state before
degradation, the reasons for ecosystem change, and the processes which can be used to restore
ecosystem function. Fire is one of a suite of strategies which can be used to restore tigi@mnt,
ThemedaandPoadominated woodlands which are likely to favour native over exsjiiecies.

How often should fire occur in this vegetation type? Keengl. (2004) recommend a firsequency
of between 5 and 40 years for grassy woodland ecosystems across NSWirRléestern Slopes
Grassy Woodlands, with their moderate rainfall and moderately fertile soilgjrdileely to grow as
fast as their counterparts on the Cumberland Plain where rainfall is higheasnglowly as plants in
grassy woodlands at high altituséhere temperatures are cooler. Intervalsthre lower half of the
statewide range may well produce the best biodiversity outcomes in/gagtation clasroberet
al. (2007)tentatively suggest fire at 58 year intervals majge compatible with maintaiing a
balance between the dominant grasses.
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Southern Tableland Grassy Woodlands

Southern Tablelands Grassy ¥dtands @cupy high elevatioproductive lowerslope landscapes in

the eastern parts of the Murrumbidgedalley. Like Western Slopes Grassy Waadbs these

communities have been critically fragmented, with most remnants consisting of isolated paddock
trees(Manninget al. 2006) These woodlands once extended over much of the central and southern
tablelands, ito Victoria. In the Murrumbidgeealleythey coered a wide area around Canberra,

Coomaand Yass andorth toward Goulburr(Keith 2004). Precipitation over tiange of Southern

Tableland Grassy Woodlands averages-Z28ID mm a yeamccasionally falling as snow. Soils are

moderately fertle loams. Tree species which2dO OdzNJ g A G K , Sttt 26 . 2E | yR . f
Central West includ&ucalyptus bridgesian@pple Box) an&. rubidaCandlebark) (Bowest al.

2002).

The higher elevation variants of Southern Tablelands Grassy Walsdda@ dominated by Snow

Gum, Black Sallee and Candeb@krubidd, as elevation increases these communities grade into

Subalpine Woodlarel The lower elevation variants of Southern Tablelands Grassy Woodlands are
dominated by Yellow Box, Apple Box aridiB] St @ Qa4 wSR DdzY® 2 AGK RSONBI &.
these communities grade into Western Slopes Grassy WoodISedse acas mapped by DEC

(2006) as Subalpine Woodland may be equivalent to Southern Tablelands Grassy Woodlands,

particularly Black Sake; Tussock Grass open Woodland and Snow GQandlebark

grassland/woodland.

Shrubs are not a major component of the flora; Keith (2004) considers this nimchase of
prolongedexposure to grazing. Shrub species ttlatoccur include BlackthoriBursaria spinosa
Silver Wattle Acacia dealbath Peach Heath {ssanthe strigogand Native Cherrygxocarpos
cupressiformis Most plant diversity is found in tiground layer, which is of similar composition to
that in Western Slopes Gras#joodlands. Herbaceous peas suclGgcine clandestindesmodium
variansor Swainsonapecies may be present. Like the neighbouring White Box woodlands, this
vegetation class has been extensively cleared and modified (Goldney and Bowi848ik 1997,
Hsher and Harris 1999).

Given their similar compaosition and structure, Southern Tableland Grassy Woodlandsely to
have much in common ecologically with the Western Slopes Gysesylands discussed in the last
section. The somewhat higher altitudaswhich thesouthern tableland woodlands are generally
found are likely to slow plant growth ®ome extent, as winter temperatures will be very cool
(Semple and Koen 2001).
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Fragmentationn Southern Tablelands Grasggodlands has affected the firegime to the point
where very little fire now occurs in this vegetation type in tMarrumbidgeeValley While lightning
strikes continue, fires are easily extinguishBeintroduction of fire on an experimental basis is
taking place in some long unbun@mnants, for example in Boundary Road Reserve near Batimurst
the Central West CMfpers. comm. Stev#/oodall, NPWS, Bathurst, 2006).

In sectiondelow, the firerelated dynamics of the ground layer, trees, aftubs are briefly
discussed. Research intoet ecology of fire with a specific focus 8authern Tableland Grassy
Woodlands has been very limited, however some studigsigand in the related New England
Grassy Woodinds touch on the topic. The grassland section of this reakg whether grazgand
fire are interchangeable disturbances in gragsgetation, from the point of view of biodiversity
conservation. This latter discussidraws on information from, and is relevant to, a range of grassy
vegetation classes.

Ground layer

The discussionf the effects of fire on ground layer vegetation in Western Sldpessy Woodlands
is also relevant for the vegetation class unde&rcussion here. In fact, the fire frequency plots
studied by Probeet al. (2011) covered both White and Yellow Baoodlands.

In his discussion of Southern Tableland Grassydfdads Keith (2004) mentions tierbaceous

native peaSwainsona rectarhis rare plant has been studied by J&higgs, an ecologist who has
worked on the southern tablelands around Canbernanfiany years. Populations of this species
persist on railway easements, which wenegrazed and frequently burnt for many years.
Observations of its response to various fire regimes has showrSthiainsona rectis well able to
regenerate after fire, regiwing from deep, thickootstocks, and flowering in the pofite

environment. This species, like mangodland forbs, relies mostly on persistence of existing
individuals. Whileemea SSRf Ay3a KI @S 3ISNNAYIFI ISR Ay W2KyQa
common and argorone to insect predation, an effect which may be exacerbated by the small size of
the plot burns. Oved.2 years of experimental burning, John has observed that ptantg at 2year
intervals are looking somewhat stressed, and suggests titexvials inthe 5-8 year range may be

more sustainable (John Briggs, pers. comm. 2006).

(s}
m)

Trees

The potential of fire to assist efforts to establisibodland eucalypts haseenexplored previously in

this review In this section, four articles related to &#eegeneratiorspecifically in Yellow Bax
.tF1SteQa wSR DdzY g2 2 R fepoysRriexperMiBntafistiryies, whilk BaSkR @ ¢ K NER
(1997) describes a survey of Yellow Bmnd summarises what is known of this species.
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According to Banks (199Hjellow Box trees can live up to 400 years, althoughmbture

individuals he surveyed around Canberra were between 110 and 180 yeav¥lild.Yellow Box is

generally found in mukiaged stands, young trees are mgarticularly common. In healthy

woodlards, there is a pool of suppressed lignotubersasdlings; suppressed because of intense

competition from established overstorey tre€ghese suppressed seedlings persist as low shrubs,
resprouting from lignotubers whedamaged, but not growing up into ttenopy until a gp occurs,

when a race for sp&awill eventually result in one of them replacing the previous tree. According to

Bank®d M dppT Yno0 AGCANB AYLRAaSa tA0GGftS RANB&E AYLI O
several important indirect & SO & ®é¢ ¢ KS GKA O] 01 NJprotedistiglKS o6 &S 2
from damage by fire, which tends to be of relatively low intensity as farelsnostly grasses. Yellow

Box seedlings establisSBSpNA 2 RA O f f & T riedeskry candifiods ank lieSed and K Se

right sequence: seed, a sterilised mingiae Af aSSR 0SRX Y2Aaddz2NBE I yR TNB
(Banks 1997:44). Fire carovide suitable seedbed conditions, and reduce competition.

Liet al. (2003) studied various aspects of the garation, survival and early growth &f. blakelyi

seedlings in degraded YellowBaxf I { St @ Q4 wSR D dww EhgaddTadeldiRiss 2y K
Temperatures below freezinghibited germinatiorandthe cold killed seedlings. Sedaed

treatments affected sedling survival: grazing and fertilizéecreased survival, while cultivation and

fire increased it. The positive effects of faad cultivation were attributed to reduced competition

from herbaceous species awdeation of gaps in litter. The negativeets of fertilizer were

attributed to increasedjrazing pressure, a factor that may also have delayed the positive response
tofirectheSFFSOGa 2F FTANB 2y aSSRfAy3a INBGGK RARYQOH o
treatment. Messages from this cargfstudy include the importance of limiting pefite grazing so

that young eucalypts have time to establish. It may also be a good ideaidn spring rather than

autumn, so that young eucalypts are not immediately subjeatinter frosts (Banks 1997)

Although fire may aid regeneration, establishment can also occur in the absence Gldie

(2002) tracked the survival of young eucalypts germinating from sown setgdiew England
Tablelands over five years: species studied inclutlemielliodoa andE. blakelyiWhile most

seedlings died, a few of each eucalypt species plantedexperimental paddocks survived to form

f A3y 2(dz SNRdza WYa dzLI@R0R)aEdSénarksShatRvidesyfead ratdral cucalypt] S
recruitment occurred aftesignificant rainfall in January 1996 on the New England Tablelands,
presumably in thebsence of fire.

Semple and Koen (2001) studied the effects of stenh crash grazing on smallicalypts in what

was once Southern Tableland Grassy Woodland near Orangespecies in the vicinity includegl
melliodorg E. blakelyandE. bridgesiana_ignotuberous resprouts and new seedlings arising after a
fuel reduction burn inThemedagrassland were browsed more heavily when grazed by sheep in
spring than imutumn. Seedling deaths were also greater after spring grazing. Growth
measurementded to the conclusion that it would take at least five years for new seedlings to grow
above the browsing height of sheep in this tablelands environment (Semple an®B@En The
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authors suggest that in this ecosystem, occasional crash grazing in sypgimgoe compatible with
seedling survival. However they caution against assusimgar results would be obtained
elsewhere.

While these studies do not provide definiiguidance for landholders wishing to Use to
encourage the establishment of young eucalypts in Southern Tableland Gvassljand remnants,
they do suggest a starting point for experimentation. Sphagning in places where eucalypts are
carrying a god supply of seed, followed I®gveral years of minimal grieng pressure, looks like a
preferred option In some places it may las important to limit access by native animals drawn to
the postfire green pick, as it i® exclude domestic stock. Goodgidire rainfall may be an essential
element in postfireeucalypt establishment. Although lomgnge weather forecasts may help plan
for this contingency, it will remain at least partly a matter of luck. Thus establishmenbenbgtter
after some fires (tose followed by postfire rainfall) than after others (thosellowed by drought).

Shrubs

Fire appears to play a role in the recruitment of a range of tablelands shrub spg€e@esand Clarke

(2006) studied the effects of fire on shrub recruitment inANEnglandsrassy Woodlands, which

share many species with their southern tablelaedsinterpart, including the dominant eucalys

melliodorg E. blakelyiandE.bridgesiana Fire enhanced emergence of seedlings in the majority of

shrubs testedparticuarly legumes including the wattkcacia dealbatavhich is also found in

Southern Tableland Grassy Woodlands. Fiostseedling emergence was greater aftiees in spring

than after fires in autumn. It was also greater after hotter experimebtahs.The authors conclude

GKIFIG aKAIKSNI AyaSyaaride adogdley, Break domBnay atidikddice NBf S & ¢
competition are likely to result in enhanced sedd® ONHzA G YSy G Ay GKS&asS &GSYLISNI
and Clarke 2006:738). In contrafgy seedlings of shrubs whose seeds were sown into unburnt

woodland in an earliestudy by Clarke (2002), survived.

Many years ago Leigh (1975) questioned why some shrub species seemedigagpearing in
certain woodlands, including communities dominatedibymelliodorak. blakelyand E. mannifera
He suggested that kangaroo grazing might be prevemtggneration of leguminous shrubs, a
conclusion in line with research he later publisi{iedigh andHolgate 1979 An alternative, or
perhaps acomplementay explanation, is that recruitment in many woodland shrub species is
uncommon in the absence of fire.

Are grazing and fire interchangeable?

It is sometimes suggested that where grassy vegetation is grazed, fire is not neexetséove
native plant divesity. This suggestion springs from the observation that ioghand grazing can
remove built up grass biomass that limits space for the forbssamaltstatured grasses that grow
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between tussocks of dominant grass spe¢l€skpatrick and Gilfedder 1999ohnson and Matchett
2001, Lunt and Morgan 2002).

In this section wargue that despite the above similarity, periodic fire and stock gramiagot
equivalent disturbances in other regards, and are therefore likely to ledifferent biodiversity
outcomes over time. Differences include:

1 Fire removes vegetation in a n@elective manner, while grazing animals sefaore
palatable, and accessible, plant species.
9 Fire cues or catalyses processes in the life cycle of some plant species ithatvgggizng is
unlikely to replicate.
9 Fireis a periodic disturbance which recurs at a scale of years to decadegyrahite is
2F0Sy O2ylGAydzdzad 990Sy WONI aKlenstBriddortivigeh A& f A
year.
1 Fire and grazing are probablgsaciated with fundamentally different nutriefgvels and
nutrient cycling processes, which will in turn affect plant spectsplements.

Selectivity in vegetation removal

Many studies attest to the fact that plant species are differentially affectegrazingand by
different levels of grazing (eg Landsbetagl. 1990, Mcintyreet al. 1995, 2003,Clarke 2003,
Dorroughet al. 2004). Species which are preferentially grazed are likediecline in abundance,
while unpalatable species increase. Some msewhich werence abundant in regularly burnt
grassy woodlands have almost disappeared gitwing the Murnong DaisyMicroseris scapigeja
in Victoria is one example (Gd®83), the Button WrinklewortRutidosis leptorrhynchoides
another (Morgaril995).

Oncedominant tussock grasses suchTdsemeda australiand Sorghum leiocladurare very

sensitive to stock grazing but ara@uraged by fireln Tasmaniashoot numbers of the endangered
forb Stackhousia gunnijenerally increased aftdires, buttended to decrease with grazing
(Gilfedder and Kirkpatrick 1998).

Interactions between plant lifecycles and disturbance

In fire-prone ecosystems, aspects of the life histories of many plant species are cuedabalysed

by, fire. Examples include imased posfire flowering, a trait found irshrubs such asomatia

silaifolia(Denham and Whelan 2000) and in many herbacepesies (Lunt 1994, Watson 2005);

postfire seed release, an attribute found in somecalypts (Gill 1997) and shrubs (Bradstaic#

hQ/ 2yyStt wmdoyy 1999/ NMFoAtkartd Conylelt 19p6); ¥h2l Kedtd smokecued

germination, @OK I N} OG0 SNARAGAO 2F YI ye &K Nd&z. 5998 Thozia® | YR h ¢
al. 2003) and also of some grasses and herbs (Reall2000, Hill and French 2003).
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While many grasses and herbs are not dependent orréilated cues (even though someay

respond to them when present), and thus produce seeds which should gernmagsddy in gaps
produced by grazingnimals, others may nato so.Fires also assist seedling establishment through
their effects on competition, and onutrient and water availability. While grazing may also reduce
competition fromdominant grasses, it may not provide the same establishment opportunities as
fire. Williamset al. (2005) used cutting which simulates grazingto explore thedifferential effects

of burning and defoliation without fire on seedling emergence §a@anna woodland near
Townsville. Both cutting and burning produced much hideeels d seedling emergence when rain
arrived than occurred in undisturbed savanadnere virtually no seedlings were found. The number
of seedlings emerging waggnificantly greater after burning than after cutting, a difference which
was also foundor some imlividual species. Seedling survival over the next couple of years was
significantly higher in burnt than cut plots, in fact virtually none of the seedlings wleichinated in
the cut plots survived (Williamet al. in prep.). From this and previougork, Williamset al.

OHnnpYndgod O2y O0f dZRSR K| {reldtedO dz& S aISNBE2 RS | FREY
a f f

including exposure to heat shock, smoke, enhanéedi NI S t S@St a¢ | %S

from the herbaceous layer.

Frequency of disttbance

Much of the literature on fire and biodiversity is concerned with the effects ofrf@guency. Where
fires are too frequent, many species, particularly shrubs, witeldeiced in abundance and may even
become locally extinct due to their inability reach life history milestones or to survive multiple
episodes of defoliation (sgeage §. Where these shrub species are palatable, grazing at short
intervals is likely tdvave similar effects. Even crash grazing would constitute a very high frequency
disturbance regime relative to the lifecycle of many native shrubs. A regime ofdil@®d to plant
species vital attributes allows time for shrubs to recover betwdisturbance episodes and reach
maturity.

Some herbaceous species may also be unabé®mplde their lifecycles when grazeBorrough

and Ash (2004) found that sheep selectively removed flowers andrssstkof the daisy
Leptorhynchos elongatus grasslands on the Monaro. Seedlregruitment was lower, and

mortality of adult plants wa higher, in grazed areas. Whilentinuous grazing may be more
problematic for native plant species than seasonatrash grazing, even occasional grazing may not
provide enough time for somierbaceous species to grow up and reproduce. For example the
orchid Diurispunctataflowers in the second, but not the first year after defoliation (Lunt 1994).
Youngeucalypts may need several disturbaroee years if they are to survive.

Nutrient cycling

Burning and grazing may be associated with differencestimemt cycling. Whildrequent burning is
associated with low levels of available nitrogen and desgied Gl tussock grasses which use
nitrogen efficiently (Ojimat al. 1994, Fynret al. 2003),heavy grazing can increase nitrogen
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availability (Bromfieldind Simpson 1974) araften disadvantages natived@ussock grasses (See
Northern River Fire and Grazing rev)ew

Johnson and Matchett (2001) investigated the effects of fire and grazing in greagslands in

North America. Grazing decreased growtlgadss roots, while frequeriurning encouraged it.
Nitrogen concentration in roots was higher in grazed areas thamgrazed and burnt exclosures,
and the C:N ratio was lower. These researcleerscluded that the two disturbance processes were
associatd with fundamentadifferences in nitrogen cycling, and that this was likely to be reflected
in the speciesomplements supported under each disturbance regime. Previous work in the same
ecosystem concluded that frequent fire encouraged C4 grasses whiehefficientusers of N,

while lack of fire allowed N to build up, tipping the balance towardspegies. Probegt al. (2002b)
report similar dynamics in grassy Box woodlands onatbstern slopes. Woodlands which had not
been degraded by heavy graziwgre dominated by native tussock grasses, particul@aigmeda
australisand Poa sieberian@under trees). These sites had much lower nitrate levels than more
degraded sitesyhich were dominated either by the C3 grass taxestrodanthoniaand Austrostipa

or, in less naturally fertile areas, Byistidaand Bothriochloa C4 taxa which do not fortarge
tussocks. The most degraded sites had the highest levels of nitrate andlamiaated by annual
exotic weeds.

Other studies have also found that herbaceeustics tend to increase with grazipgessure
(Mclintyreet al. 2003), but may decline with fire, particularly if fire hetpaintain a healthy sward of
ThemedgLunt and Morgan 1999b, Prober al. 2004).That these differences between grazing and
burning can lead to different biodiversityutcomes is well illustrated in a study from Gippsland in
Victoria. Lunt (1997a)ompared frequently burnt but ungrazed grassy remnants with -aiggility
grassy forestemnants which had rarely been burnt but which wareermittently grazed. Although
originating from the same species pool many years previously, areas subject to thiifevent
management regimes differed considerably in species composition. Watike species richness
was higher in the unburnt quadts, burnt quadrats had doubtlée number of native geophytes, a
category which includes native lilies and orchidemerous species were significantly more
abundant under one regime or the othéfotably, Themeda australigas found in all frequently
burnt sites, but was not recordeflom the unburnt and grazed sites. On the other hand the C3
grassePanthoniageniculata, D. racemosa, Microlaena stipoides, Poa siebesiat&tipa rudis
were allsignificantly more abundant in the grazed but unburnt remrsant

In terms of fauna habitat, the biomass removal properties of grazing probably agsieviding
suitable habitat for some fauna species which also favour environngamisrated by periodic

burning (Redpath 2005, Worgg al. 2006). However thdifferential effects of fire and grazing on
some habitat features, such as C4 tusspasses, mean that the two disturbances are unlikely to be
interchangeable for all nativiauna.
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