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1 Introduction

1.1 Scope of this review

This literature review forms part of a suite of eréls that Hotspots aims to produce in
each CMA region in which it works. While most Hotés products are targeted to
landholders, literature reviews are primarily diegttowards a professional audience.
Their major aim is to provide ecological backgrodwadinderpin and inform the
messages about fire that Hotspots and local NRMtigieners present. A secondary
aim is to offer a platform for discussion and delat the role of fire in regional
vegetation types. In both cases we hope the owaaithbe more informed fire
management for biodiversity conservation.

The review considers literature relevant to a subkeegetation classes in the Southern
Rivers CMA region of New South Wales (NSW). It aito help land and fire
managers not only to understand the impacts ofrfitee region, but also to place that
understanding in a wider ecological context. Wltie companion document for the
Northern Rivers (Watson 2006) was framed as acafiteview of the several sets of

fire frequency guidelines already in existencethat region, this document takes a
more descriptive approach.

The Southern Rivers CMA region, which stretchesiftbe coastal strip above
Wollongong to the Victorian border and west ont® Southern Tablelands, covers an
area of great climatic diversity. Climate on tharida-lllawarra escarpment is warm
and moist, while the Tablelands are considerabbfercand drier. The Region also
encompasses alpine areas which are cool, but alst (Gellie 2005:238). Annual
rainfall varies from 645 mm at Bombala to 2252 nirharlotte Pass, and from 1277
mm on the coast in the north of the region at Rerhbla, to 837 mm at Merimbula on
the south coast. Average maximum temperatureannaty for these four weather
stations are 25, 17, 24 and°24 while equivalent figures for July are 11, 2,ahd

16°C. “Frost days”, defined as days when the tempegatrops below I, average
74, 180, 0 and 1 per year, respectively (Bureadetkorology 2005). Vegetation
naturally reflects these considerable gradientd,igimn turn extremely diverse. Soil
fertility also influences plant associations, adgdio the rich array of vegetation in the
Region (Gellie 2005:238).

Fire affects different plant and animal specietedgntly, and fire regimes compatible
with biodiversity conservation vary widely betwestosystems (Bond 1997, Watson
2001, Kennyet al.2004). This document explores the role of firaisample of
Southern Rivers vegetation classes. The seleptmress has been informed by:

+ whether local research exists

» whether the vegetation class is one for which thespbts audience is likely to
have responsibility

» whether the vegetation class is one with whichHbespots audience is likely to
be familiar

» whether exploration of issues in the vegetatios<laas the potential to further
understanding of the role of fire in the SoutheivelRs region and across the
State.



Vegetation classes discussed in this review include
* Heathlands: Sydney Coastal Heaths, South Coashsiéahapter 2)

» Grassy woodlands and grasslands: Temperate MoGeasslands, Coastal
Valley Grassy Woodlands (Chapter 3)

» Dry sclerophyll forests: Southern Tableland DryeBophyll Forests, South East
Dry Sclerophyll Forests (Chapter 4)

* Wet sclerophyll forests: Montane Wet Sclerophylidsts, Southern Lowland
Wet Sclerophyll forests (Chapter 5).

Names and descriptions for these vegetation cldssasbeen drawn initially from
Keith (2004). However a more detailed, empiricdlsed vegetation typology
covering much of the region is also available: @€R005). While the two
classification schemes have common ground, theydafter in various ways. | have
attempted to link the two when introducing eachetation class, however detailed
consideration of similarities and differences igdred the scope of this document.
Judgement has also inevitably been exercised weididg the relevance of research
studies to particular vegetation classes.

As understanding of the role of fire in Australieepsystems increases, the importance
of fire cycles — that is of a series of fires ratti@n of any one single fire — becomes
increasingly apparent. Issues related to firelemgy thus feature prominently in this
review. However the influence of other aspecttheffire regime — season, intensity
and extent — will also be discussed where resaarmbmailable. While vegetation and
plant species receive most attention, fauna stadieslso discussed.

Before addressing the literature on specific vdgetalasses, some ecological concepts
and principles underlying current understandinfjrefregimes are explored in the
remainder of this chapter. Fire-related attribules vary between species are
canvassed, along with a range of concepts includistgrbance, succession,
interspecific competition, landscape productivitggatch dynamics. These ideas
provide a framework which helps explain how firesé shaped the landscape in the
past, and how fire management can best consenaivibisity of the bush in the future.
They thus give context to specific research findjrapd can assist understanding of
differences between vegetation types.

1.2 Species responses to fire
Plant species differ in the way they respond . fiFire-related characteristics or
attributes which vary between species include:

* Regeneration mode — the basic way in which a epaecovers after fire

» How seeds are stored and made available in thefippgtnvironment

* When, relative to fire, new plants can establish

» Time taken to reach crucial life history stages.

Plant communities are made up of species with iztyaof fire-related attributes.
These differences mean plant species are diff@lgnéiffected by different fire



regimes; fire regimes therefore influence commuedynposition. This topic is
developed in Section 1.4.

1.2.1 Regeneration modes

In a seminal article in 1981, Gill classified plaiats “non-sprouters” or “sprouters”, on
the basis of whether mature plants subjected técll@@f scorch die or survive fire.
Most adults of sprouting species, also calledprouters’ regrow from shoots after a
fire. These shoots may come from root suckertiaomes, from woody swellings
called lignotubers at the base of the plant, fr@e@mic buds under bark on stems, or
from active pre-fire buds (Gill 1981). Some resjtess, ie those which regrow from
root suckers or rhizomes (such as blady grass &wkén), can increase vegetatively
after a fire. However other resprouters cannaeiase vegetatively, and therefore need
to establish new plants to maintain population nerapas adults will eventually age
and die.

On the other hand, adults of non-sprouting speocie'sbligate seeders die when their
leaves are all scorched in a fire, and rely onmeggtion from seet.Obligate seeder
species generally produce more seed (Larabat. 1998), and greater numbers of
seedlings (Warlet al. 1987, Benwell 1998) than resprouters, and seedliogth rates
tend to be more rapid (Bell and Pate 1996, Ben¥89i8, Bell 2001).

These categories are not invariant. Survival ratéise field for both resprouters and
obligate seeders change with fire intensity (Mamigand Renwick 2000). Some species
exhibit different regeneration strategies in difietrenvironments (Williamet al. 1994,
Benwell 1998).

1.2.2 Seed storage and dispersal

Fire provides conditions conducive to seedling growShrubs, grass clumps, litter and
sometimes canopy cover are removed, allowing ise@#ight penetration to ground
level and reducing competition for water and nutisgWilliams and Gill 1995, Morgan
1998a). For plant species to take advantage soibportunity, seeds need to be
available. There are several ways in which thisleaaccomplished.

Some species hold their seeds in on-plant storaggme such as cones, and release
them after a fire. These ‘serotinous’ taxa inclggecies in the Proteaceae and
Cupressaceae families, for example Banksia, HakdaCallitris. Some eucalypts
release seed in response to fire (Noble 1982,188l7). The degree to which seed
release also occurs in the absence of fire vagegden species (Enrigat al. 1998).

! The term ‘fire sensitive’ is sometimes used as a synonym for obligate seeder, however | tend
not to use this term as it can be taken to imply that all obligate seeder species are liable to
damage when exposed to any fire. In fact, many obligate seeders need fire for reproduction,
and are advantaged by moderately frequent fire (eg Watson 2005). By the same token, | tend
not to use the term ‘fire tolerant’ for resprouters, as it can be taken to imply that any fire
regime is okay for these species. In fact, frequent burning can cause substantial declines in
populations of some resprouting species (eg Watson and Wardell-Johnson 2004).



A second group of species stores dormant seedig iscil; dormancy requirements
ensure germination occurs mostly after fire. Hwamotes germination in legumes
(Sheaet al. 1979, Auld and O’Connell 1991, Clarke al. 2000), while smoke plays a
role for many species (Dixcet al. 1995, Rocheet al. 1998, Flemattet al.2004). Some
taxa respond best to a combination of these twerétated cues (Morris 2000, Thomas
et al.2003).

A third strategy is to create seeds rapidly aftirea through fire-cued flowering.
Xanthorrhoeaspecies are a well-known example of this phenoméHarrold 1979,
McFarland 1990), however shrubs such.asatia silaifolia(Denham and Whelan
2000) andTelopea speciossim@radstock 1995) also flower almost exclusivelyhn
years after a fire. Many grassland férbghibit this characteristic (Lunt 1994).

Finally, some species rely to a greater or lessemné on seed coming in from outside
the burnt area. This strategy is not common gtirone environments: seed dispersal
distances in Australian fire-prone vegetation séeive limited to tens of metres or less
in most species (Auld 1986a, Keith 1996, Hamtilal. 1998). However some wind
and vertebrate-dispersed species do occur in #regmnments; examples include
plants with fleshy fruits such #&ersooniaspecies and some epacrids §tgphelia
viridis, Leucopogorspp.). These species may have a different reksttip to fire cycles
than do taxa whose seeds are not widely dispeFsedc¢h and Westoby 1996, Gaii

al. 2006).

1.2.3 Recruitment relative to fire

Species also differ in when they establish newtplaglative to fire. For many species
in fire-prone environments, recruitment is confinedhe immediate post-fire period
(Auld 1987, Zammit and Westoby 1987, Cowligigal. 1990, Vaughton 1998, Keitit
al. 2002a, Section 2.1.5), although this may vary betwgopulations (Whelagt al.
1998) and with post-fire age (Enright and GoldblL®®9). Some species, however,
recruit readily in an unburnt environment, andtaerefore able to build up population
numbers as time goes by after a fire.

1.2.4 Life history stages

The time taken to complete various life stagesc#dfa species’ ability to persist in a
fire-prone environment. Time from germination &ath of adult plants, time to
reproductive maturity and, for resprouters, timéin®tolerance are important variables,
as is duration of seed viability.

The time from seed germination to reproductivelywmaadult is known as a species’
‘primary juvenile period’. Resprouting species also havesacondary juvenile
period’: the time taken for vegetative regrowth to proelweable seed (Morrisoet al.
1996). The length of these periods differs betwsgmties, and may even differ within
a species, depending on location (Gill and Brads1®92, Knox and Clarke 2004).
Once flowering has occurred, it may take additioresdrs before viable seed is
produced, and even longer to accumulate an adegeatdank (Warkt al. 1987,
Bradstock and O’Connell 1988).

2 A forb is a herbaceous plant which is not a grass, sedge or rush.
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In resprouters, the primary juvenile period is ofteuch longer than the secondary
juvenile period, as well as being longer than theary juvenile period in equivalent
obligate seeders (Keith 1996, Benwell 1998). Rager seedlings are not immediately
fire tolerant: it may take many years before ligi@r development or starch reserves
are sufficient to allow the young plant to survavéire (Bradstock and Myerscough
1988, Bell and Pate 1996).

The length of time seed remains viable is anotingortant variable, but one about
which not a great deal is known. It is clear, hegrethat species vary greatly (Keith
1996). The seedbanks of serotinous species alg tix be depleted more quickly than
those of species with soil-stored seed, althougbhmvariation exists even here (Gill
and Bradstock 1995, Morrisaat al. 1996). Species also vary in whether seedbareks ar
exhausted by a single fire (either through gernmmadr destruction). Species which
store seed in the canopy, and species whose smldsseeds are relatively permeable
(egGrevilleaspecies; Morris 2000), are unlikely to retain sidaal store of pre-fire
seeds through the next interfire interval. Howes@ne species, generally those with
hard, soil-stored seeds such as peas and waétas) viable ungerminated seed
through more than one fir8ossiaea laidlawiangrom south-west Western Australia,
is an example (Christensen and Kimber 1975). @iviss these species a ‘hedge’
against a second fire within the juvenile period.

1.3 Disturbance, succession and a paradigm shift

In this section the focus shifts to broader matt@wsturbance and succession are basic
concepts in ecology. Advances in understandirthese processes has informed
several theories and models which are useful fdetstanding the way plant
communities — groupings of species with differerg-felated attributes — respond to
fire.

Fire is adisturbance. A disturbance can be defined as “any relatiditgrete event in
time that removes organisms and opens up spacé waicbe colonised by individuals
of the same or different species” (Begeiral. 1990). The concept encompasses
recurring discrete events such as storms, flooddiess, as well as on-going processes
like grazing. Disturbance may stem from naturammena or human activities
(Hobbs and Huenneke 1992), and is ubiquitous througthe world’s ecosystems
(Sousa 1984).

Successiorfollows disturbance. This concept has been @frétt to ecologists since
Clements outlined what is now called ‘classicalcassion’ in 1916. In classical
succession “following a disturbance, several assapels of species progressively
occupy a site, each giving way to its successal amommunity finally develops
which is able to reproduce itself indefinitely” (Me and Slatyer 1980:5). Implicit in
this model is the idea that only the final, ‘climaommunity is in equilibrium with the
prevailing environment.

A popular metaphor for thisquilibrium paradigm is ‘the balance of nature’.
Conservation practice aligned with this model f@suen objects rather than processes,
concentrates on removing the natural world from aannmmfluence, and believes that
desirable features will be maintained if naturkefsto take its course (Pickedt al.

1992). Fire does not sit easily in the balanceatfire approach, which influenced
attitudes to burning, both in Australia and elsesghér many years. For example,



forester C.E. Lane-Poole argued to the Royal Cosiomsfollowing the 1939 fires in
Victoria for total fire exclusion on the groundsthhis would enable natural succession
to proceed resulting in a less flammable foresiffiérs, 2002).

Over recent decades, however, a paradigm shifbvéas underway. Drivers include the
realisation that multiple states are possible withe one community (Westoley al.
1989), as are multiple successional pathways (Gbané Slatyer 1977). Most
importantly from a conservation perspective, it meseasingly been recognised that
periodic disturbance is often essential to maindganersity, allowing species which
might otherwise have been displaced to continugtar in a community (Connell
1978).

This non-equilibrium paradigm can be encapsulated by the phrase ‘the flux afraat
Scaleis important in this paradigm: equilibrium at adiscape scale may be the product
of a distribution ofstatesor patchesin flux (Wu and Loucks 1995). Implications
include a legitimate — or even vital — role for pkoin ecosystem management, and a
focus on the conservation of processes ratherdhpatts. This doesot, of course,

imply that all human-generated change is okayp@&sdmean human beings must take
responsibility for maintaining the integrity of exystem processes (Pickettal. 1992,
Partridge 2005). Fire fits much more comfortallpithe non-equilibrium paradigm,
where it takes its place as a process integralaioynof the world’s ecosystems.

1.4 Theory into thresholds

The non-equilibrium paradigm forms the basis fouanber of theories and models
which have been used to inform an understandirigeofegimes in Australia. These
include thevital attributes model of Noble and Slatyer (1980). This scheme employs
the fire-related characteristics of plant speciatireed in Section 1.2 to predict
successional pathways. It can also be used toaldfsturbance frequency domains
compatible with maintenance of particular suitesp#cies. This model has recently
been used to develop fire management guidelinesréad vegetation types in NSW
(Kennyet al.2004).

The basic idea is that, to keep all species inmangonity, fire intervals should vary
within an upper and a lower threshold. Lower thaddsare set to allow all species
vulnerable to frequent fire to reach reproductietumity, while upper thresholdse
determined by the longevity of species vulnerabliatk of burning. Species with
similar fire-related characteristics are grouped fanctional types (Noble and Slatyer
1980, Keithet al.2002b). The vulnerability of each group, and ad@es within
sensitive groups, can be assessed through cortsideoétheir ‘vital attributes’.

Functional types most sensitivesioort interfire intervals (high fire frequency)
contain obligate seeder species whose seed resgr/eghausted by disturbance.
Populations of these species are liable to loc@hetion if the interval between fires is
shorter than their primary juvenile period (Nobhel&latyer 1980). The minimum
interfire interval (lower threshold) to retain apjecies in a particular vegetation type
therefore needs to accommodate the taxon in thégoey with the longest juvenile
period (DEC 2002).

Species whose establishment is keyed to fire (NabteSlatyer call these ‘I species’)
are highly sensitive ttong interfire intervals (infrequent fire): they are liable to local
extinction if fire does not occur within the lifesp of established plants and/or
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seedbanks (Noble and Slatyer 1980). The maximtenvial (upper threshold)
therefore needs to accommodate the taxon in thégoey with the shortest lifespan,
seedbank included (DEC 2002, Bradstock and Ken@gR0

Data on plant life history attributes relevant éttisiglower thresholds— regeneration
modes and juvenile periods — are much more reaglidylable than the information
needed to satpper thresholds— longevity of adults and seeds. Kermatyal. (2004)

note the lack of quantitative data on these latibutes, and point out that as a result,
upper thresholds in the NSW guidelines are “lard¢pelyed on assumptions and
generalisations” and are therefore surrounded bgsitlerable uncertainty” (Kenrgt

al. 2004:31). Work on these variables is an importask for the future. It can also be
argued that upper thresholds need to considermyptioe characteristics of individual
plant species, but also competitive interactiortazeen species. This issue is explored
in the next section.

1.5 Competition and productivity

The effect of dominant heathland shrubs on othecigg has been recognised in
Sydney’s sandstone country (Keith and Bradstocld198zer and Bradstock 2002,
Section 2.1.4). When life history characteristittine are considered, a feasible fire
frequency for the conservation of both these dontinhligate seeders and understorey
species appears to be 15-30 years. However umdeegime the dominant species
form high-density thickets which reduce the surlasad fecundity of species in the
understorey, an effect which carries through torttret post-fire generation. Similar
dynamics have been observed in other Australiathreanmunities (Specht and
Specht 1989, Bond and Ladd 2001) and in South &&ibeathy fynbos (Bond 1980,
Cowling and Gxaba 1990, Vlok and Yeaton 2000). uAderstanding of this dynamic
has highlighted the need to include in heathlaredrégimes some intervals only
slightly above the juvenile period of the dominapécies, thus reducing overstorey
density for a period sufficient to allow understotaxa to build up population numbers
before again being overshadowed (Bradstetcl. 1995).

The competitive effect on understorey vegetatioy beparticularly profound where
dominant shrubs resprout (Bond and Ladd 2001).ikgmbligate seeders, dominant
resprouters will continue to exert competitive pres immediately after a fire by
drawing on soil resources, and once their covez-isstablished, on light resources too.
Their potential to outcompete smaller species enpgbst-fire environment may
therefore be considerable. These dynamics havedm®imented in Western Sydney’s
Cumberland Plain Woodland, where dense thicketseoprickly shrulBursaria
spinosaare associated with a reduced abundance of dthal species, particularly
obligate seeders (Watson 2005, Section 3.2.2).

Bursaria has the unusual advantage of being ab&ctait between fires, whereas most
sclerophyllous (hard-leaved) shrub species reatmibst exclusively after a fire (Purdie
and Slatyer 1976, Cowlingt al. 1990, Keithet al.2002a). The vital attributes model
explicitly identifies species able to recruit beémdires — Noble and Slatyer call them
‘T species’ — and their propensity to dominateni@ absence of disturbance is also
explicitly noted (Noble and Slatyer 1980). Howet@date little emphasis has been
placed on the role of T species when determinirggffequency guidelines.



The importance of competition between plant speaied thus the importance of
disturbance to disrupt competitive exclusion, kelly to vary withlandscape
productivity . A second non-equilibrium paradigm offshoot, dy@amic equilibrium
model (Huston 1979, 2003, 2004), considers the intevaatf productivity and
disturbance in mediating species diversity. Irshanvironments where productivity is
low, interspecific competition is unlikely to beegit. Here, a-biotic factors such as low
rainfall, heavy frosts and infertile soils limitemumber of plant species able to grow,
and also limit their growth rates. The need fatwlibance to reduce competitive
superiority is therefore minimal. In fact, a hidisturbance frequency is predicted to
reduce diversity in these ecosystems, as orgamslinse unable to grow fast enough to
recover between disturbances. In highly productigsource-rich environments,
however, competition is likely to be much more n#e, as many species can grow in
these areas, and they grow quickly. Here, ditersipredicted to decline where
disturbance frequency is low, as some speciesowitompete others, excluding them
from the community.

Landscape productivity, as defined by plant bionzssan example, is likely to increase
with rainfall, temperature, season of rainfall —-endrainfall and warm temperatures
coincide, there is a greater potential for plamingh — and soil fertility (clay soils are
often more fertile than sandy soils, however thsg gend to support more herbaceous,
and fewer shrub, species; Specht 1970, Prober Td8fke 2003). Relatively frequent
fire may thus be more appropriate in wet, warmdpuoive fire-prone systems than in
those whose productivity is limited by poor soitsy rainfall or a short growing season.

This discussion brings us back to the concept ofesssion. South African fire
ecologists Bonet al. (2003, 2005) divide global vegetation types int@éhcategories:

* Climate-limited systems These communities are not prone to either major
structural change, nor to succeeding to anotheztaéign type in the absence of
fire, although fire frequency may influence speaemposition to some extent.
In South Africa these communities occur in aridissrnvments, and also in areas
nearer the coast where rainfall is moderate butirgca winter.

« Climate-limited but fire modified systems These vegetation types do not
succeed to another vegetation type in the absdrioe obut their structure may
alter from grassy to shrubby. The Cumberland Rldoodland described above
fits into this category.

» Fire-limited. These vegetation types will succeed to a diffec®mmunity in
the absence of fire. In South Africa, these comitresioccur in higher rainfall
areas, and include both savannas and heath.

Climate-limited but fire-modified systems can ocouat least two ‘states’, for example
grassy woodland and Bursaria-dominated shrub thiskedland on the Cumberland
Plain (Watson 2005). Fire-limited vegetation typesld also be said to be able to exist
in different states, although the differences betwiiem are so great that they are
rarely thought about in this way. For examplenanth Queenslanducalyptus grandis
grassywet sclerophyll forest is succeeding to rainforpsbbably due to a reduction in
fire frequency and/or intensity (Unwin 1989, Hagtion and Sanderson 1994).
However rainforest and grassy wet forest are noegaly considered as different states
of a single vegetation type, but rather as twceddht types of vegetation.



1.6 Patch dynamics

The examples in the last paragraph illustrate hpmathic vegetation can be in relation
to fire. In some productive landscapes, variatiomterfire intervals within broad
thresholds, that is variation fime, may not be sufficient to maintain all ecosystem
elements. Variation ispacemay also be needed to ensure all possible statdshe
plants and animals they support, are able to pensibe landscape. Fire can mediate a
landscape of different patches, whose location cf@nge over time.

For example recent studies in north-eastern NS\V¢aiel that some forests in high
rainfall areas on moderately fertile soils can exisnore than one ‘state’. Relatively
frequent fire — at intervals between 2 and 5 yeassassociated with open landscapes in
which a diverse flora of tussock grasses, forbssamde shrubs thrives (Stewart 1999,
Tasker 2002). Nearby areas which have remainedronfor periods over 15 or 20
years support higher densities of some shrub aneknoalypt tree species, particularly
those able to recruit between fires (Birk and Besld989, York 1999, Henderson and
Keith 2002). Each regime provides habitat for quadly diverse, but substantially
different, array of invertebrates and small mamn{dtek 1999, York 2000, Andreet

al. 2000, Bickel and Tasker 2004, Tasker and Dickma# 20

The concept of ‘states’ provides options for theation and maintenance of habitat
across space as well as time. It can reduce cob#tween those who see the value in
particular states (such as grassy or shrubby veégeta sub-tropical wet sclerophyll
forests), by pointing out the value of each andnibed for both. Of course, it also
raises questions as to the proportion of each gtatenay be desirable in the landscape,
the scale of mosaics, and various other factores@& questions represent fertile ground
for research and discussion in future.

1.7 Conclusion

The concepts and models described in this chapteide a framework for viewing the
findings of the numerous fire ecology studies whielwve been conducted over the past
50, and particularly the last 20, years. Subsetgigampters in this report summarise
some of these findings, particularly those relatmgight vegetation classes found in
the Southern Rivers region. These findings andlibeussion that accompanies them
both reinforce, and draw upon, the concepts andetaquiesented here.



2 Fire in heathlands

“Heathlands cover only a small portion of the Aabam continent, yet they are
associated with some of its most inspirational tadand mountain scenery” (Keith
2004:172). Distinguished by their lack of treethém than short multistemmed mallees
or occasional emergents), heathlands generally gr@andy soils which are very low
in nutrients (Keith 2004). While the number of pkowho live in or next to heathlands
is limited, many people visit and love these witdl@olourful places.

Heath is highly fire-prone, and fire plays a vitale in maintaining the diversity of
heathland ecosystems. Sydney’s sandstone-basathCHaaths were the setting for
much of Australia’s initial fire ecology researemd it is with this vegetation class that
we begin (Section 2.1). The focus here is on \&iget; the aim to use the rich research
literature to illustrate some core concepts andifigs of fire ecology. Section 2.2
focuses on South Coast Heaths. Fire-related mds@athis environment has been
more concerned with animals than plants. Agairaiheis to illuminate basic concepts
and findings.

2.1 Sydney Coastal Heaths

2.1.1 Introduction

Sydney Coastal Heaths occur in the north-east cairtbe Southern Rivers CMA
region, north from Jervis Bay. This vegetatiorsslés dominated by a diverse
complement of shrubs including many species froenRfoteaceae, Fabaceae,
Myrtaceae, Epacridaceae and Rutaceae familiesgeSexhd herbs are also important
components of the plant community (Keith 2004)thAlugh the infertility of the
shallow sandstone soils which underlie this vegmtatlass limits productivity, growth
is promoted by relatively abundant rainfall alohg toast, of the order of 1100-1400
mm per annum (Bureau of Meteorology 2005).

Gellie (2005) identifies two vegetation groups whappear to coincide with Keith's
Sydney Coastal Heaths:

* Group 140 — Northern Coastal Tall Heath. Commanlshin this vegetation
group includeBanksia ericifoliassp.ericifolia, Allocasuarina distylaHakea
teretifolia, Epacris microphyllaDarwinia leptanthaandLeptospermum
squarrosum.lt has an open cover of tall shrubs, a diversenmeeliate layer of
smaller shrubs, as well as sedges and herbs.végetation group covers an
estimated 40,100 ha and according to Gellie (20@S)not been cleared in the
area covered by his study. Eighty-five percenuog@n conservation reserves.

e Group 141 — Northern South Coast and Escarpmeninpvirdeath. A tall shrub
layer ofLeptospermum attenuatyin juniperinum, Banksia ericifoliand
Melaleuca squarrosaovers an intermediate shrub layer in whggrengelia
incarnataandEpraris obtusifoliaare common. The ground layer is mostly made
up of sedges. This vegetation group covers amagtd 8,300 ha, has not been
cleared and is 83% reserved.
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As noted above, Sydney Coastal Heaths have hosiag fine ecology studies, and
their basic dynamics are well understood. Firgdency thresholds for this vegetation
type were proposed by Bradstoekal.in 1995:

“A decline in populations of plant species carekpected when:

» there are more than two consecutive fires less @8R@iyears apart (fire-
sensitive shrubs decline);

* intervals between fires exceed 30 years (herbshnds with short-lived
individuals and seedbanks decline);

» three or more consecutive fires occur at interegétks-30 years (sub-
dominant herbs and shrubs decline);

* more than two consecutive fires occur which conslesg than 8-10 tonnes
ha® of surface fuel (species with heat-stimulated baals in the soil
decline)” (Bradstoclet al. 1995:328).

Recent analyses using plant species character{Sexgions 1.2, 1.4) has reinforced
these thresholds (Bradstock and Kenny 2003, Kexira. 2004). As the fire regime
thresholds in this vegetation class are clear awlisputed, a comprehensive review of
the literature will not be undertaken here. Ratimne of the key concepts and findings
reflected in the Bradstoait al. (1995) guidelines will be explored, as they illastr

ideas introduced in the previous chapter.

2.1.2 Sensitivity to frequent fire

“A decline in populations of plant species can kpeeted when there are more
than two consecutive fires less than 6-8 yearst §fyaa-sensitive shrubs
decline)” (Bradstoclet al. 1995:328).

A number of field studies in Sydney Coastal Hedidnge identified several shrub
species which are eliminated or reduced in aburelandrequently burnt sites (Siddiqi
et al. 1976, Nieuwenhuis 1987, Cary and Morrison 1995,rMdonet al. 1995, 1996,
Bradstocket al. 1997). These species include the dominant obligegeer8anksia
ericifolia, Allocasuarina distylaandHakea teretifolia.

What makes these species vulnerable to frequentrigyrwhere others are less
sensitive? First, they have relatively long juvemieriods — they can take six to eight
years to flower (Benson 1985). As these plantohligate seeders, a second fire
before seedlings germinating post-fire have matstdficiently to set seed will leave

no seeds to establish a new generation. Canomgstincreases this vulnerability;
while soil-stored seed may survive through mora thiae fire ungerminated, and thus
ready to burst forth after a second burn, serosrspecies do not have this capacity. In
addition seeds of these species, although wingedptigenerally travel far from the
parent plant (Hammikt al. 1998), limiting the potential to re-establish framburnt
patches after a second fire.

Demographic studies show some Sydney sandstoneutsgs are also likely to decline
under repeated short interfire intervals, as bterance can take many years to develop
(Bradstock and Myerscough 1988, Bradstock 1990).
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Bradstock and Kenny (2003) used information on fuleeperiods of species in
Brisbane Water National Park just north of Sydheyderive a domain of ‘acceptable’
fire intervals. Noble and Slatyer’s vital attribatmodel was used to classify species
into functional types. The maximum estimates tmepile period from demographic
and anecdotal sources were 6.0 and 6.5 years teghgogiving a minimum threshold
of 7 years.

2.1.3 Sensitivity to infrequent fire

“A decline in populations of plant species can kpeeted when ... intervals
between fires exceed 30 years (herbs and shrubsstvirt-lived individuals and
seedbanks decline)” (Bradstoekal. 1995:328).

At the other end of the spectrum, field researcliad Sydney has identified shrub
species which are disadvantaged if fire isitdeequent(Fox and Fox 1986,

Nieuwenhuis 1987, Morrisoet al. 1996). For example, Morrisaet al. (1996) found
lower abundances of the shrubsacia suaveolerandZieria laevigatain sites with

long interfire intervals than in sites where thbael been less than seven years between
burns. Fox and Fox (1986) speculate that fire beapecessary to prevent senescence
in a number of resprouters which they found reduceabundance after a 12 year
interfire interval. Nieuwenhuis (1987) identifiedveral resprouting herbaceous species
as well as a number of obligate seeder shrubsdimgrevillea buxifoliaand
Conospermum ericifoliumwhose abundance was significantly lower in infretlye

burnt sites than in paired sites which had burntenfiequently.

The majority of species in Sydney Coastal Heatbruieafter fire (Keithet al.2002a
and references therein), making them | speciesinidNand Slatyer’'s terms. These
species depend on fire occurring either while adaie still alive or, if the species
stores seed in the soil, before that seed loséditya Fire-cued obligate seeder |
species may be at particularly risk under low feeeurrence, as these plants will form
even-aged stands after a fire (Auld 1987), and di@yome years later as a group.

Bradstock and Kenny (2003) used anecdotal sourmsalculations based on juvenile
periods to predict longevity of plant species itisBane Water National Park. When
estimates of seedbank longevity were consideredsdhotinous obligate seeders
Banksia ericifoliaandPetrophile pulchellavere considered more at risk of decline
under long interfire intervals than short-lived sips with soil-stored seed such as
Acacia suaveolensA predicted lifespan of 28-30 years fanksia ericifoliadefined

an upper threshold of 30 years for the acceptaiieaéh of fire intervals.

2.1.4 Variability within thresholds

“A decline in populations of plant species can keeeted when ... three or
more consecutive fires occur at intervals of 15/88rs (sub-dominant herbs and
shrubs decline)” (Bradstoak al. 1995:328).

® The vegetation in this Park includes both heath and open forest with a heath-like shrubby
understorey. Several studies cited in this section cover this range of vegetation.
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As time goes by after a fire in Sydney Coastal Heatsmall number of large shrub
species, particularly the slow-growing serotinohbgate seederBanksia ericifolia
Allocasuarina distylaandHakea teretifoliagradually come to dominate many patches
(Keith 1995, Figure 1a). Small shrubs and herlusedese in abundance as resources are
increasingly captured by the dominants (Morrisbal. 1995, Figure 1b). When fire
occurs after 15 to 30 years, the large amounted séored in the canopy of these
species produces abundant post-fire seedlings hwhjmdly re-establish dominance,
emerging above the understorey by five or six ypast-fire (Tozer and Bradstock

2002). Two studies have confirmed that many uridezg species are negatively
affected by these thickets.

Figure 1. a (LHS). Dense thicket of Banksia ericifolia and Allocasuarina distyla many years
after fire. b (RHS). Few other species growing under thicket canopy.

Keith and Bradstock (1994) studied understoreytplanthe second year after a fire in
places where overstorey characteristics had vheéare the fire. Pre-fire overstorey
density had a very significant negative associatiih the species richness of
understorey shrubs. In addition almost all respinguspecies were significantly more
abundant where the overstorey had been absenttptile fire, while obligate seeders
varied in their responses to pre-fire overstoregratteristics. The authors conclude
that “a non-equilibrium state which promotes coeetise of all species” would best be
achieved through “varying the frequency and spat&ént of fires according to
observed population levels. For example, a fiteriral of less than 8 years may be
required, at least over part of an area, if oveestés dense and adversely affecting
understorey over a wide area” (Keith and Bradst@®4:353).

A similar post-fire study by Tozer and BradstocR@{2) which like Keith and

Bradstock (1994) took place in Royal National Psolath of Sydney, also found many
species were less abundant in patches where omerstad previously been dense. This
study added a dimension to the previous work bgssssg competitive effects
separately in wet and dry heath: the effect was mr@sounced in dry heath.
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Additionally, this study found that some speciesevaoreabundant in overstorey
patches, apparently because of suppression ofaisstgeeXanthorrhoea resinifera
which tended to dominated open patches. “We patstuhat full diversity will be
maintained when the density of overstorey shruliddiates widely over a relatively
short period of time,” the authors conclude. “Tigisnost likely when fire frequency is
highly variable” (Tozer and Bradstock 2002:213).

Finally, direct evidence for the importance of aility in interfire intervals comes
from a multi-site study by Morrisoet al. (1995) in Ku-ring-gai Chase National Park in
Sydney’s north. Here increased variability in ifite intervals was associated with an
increase in the species richness of both obligedders and resprouters.

2.1.5 Fireintensity

“A decline in populations of plant species can kgeeted when ... more than
two consecutive fires occur which consume less &40 tonnes haof surface
fuel (species with heat-stimulated seedbanks irsthiladecline)” (Bradstockt
al. 1995:328).

The final point in the Bradstoat al. (1995) recommendations addresses fire intensity.
The concern here is that a proportion of firesufégently intense to provide good
conditions for the germination and growth of saaghi of fire-cued species.

What does the research from Sydney Coastal Helhtistabout the role of fire in
seedling establishment?

We have already noted that the majority of speci¢kis vegetation type do all, or
most, of their recruitment in the months followiadire. Studies which confirm this
include Auld and Tozer (1995) fércacia suaveolensrevillea buxifoliaandGrevillea
speciosaand Vaughton (1998) fdgrevillea barklyanaa rare obligate seeder which
occurs mostly near Jervis Bay. This is not singphpatter of fire cues promoting
germination, however. Studies have found thatlsegdof serotinous species survive
better in burnt areas. In fact, all seedling8ahksia ericifoli;andBanksia
oblongifoliawhich germinated from seed planted out by Zamnt\Afestoby (1988)
into sites burnt 3, 7 and 17 years previously avétlin six months of germination,
whereas seeds placed into recently burnt sitesrheth higher rates of both
germination and survival. Bradstock (1991) fouaddiings of four Proteaceous
species placed into unburnt sites completely faitesurvive due to predation, while in
burnt areas the majority of seedlings survivedsiibg due to reduced densities of
small mammals (see Section 2.2.4).

Fire-related germination cues which operate acuosile variety of species found in
Sydney Coastal Heath include heat and smoke. elmid 1980s Auld (1986b) showed
that heat broke seed dormancy in the obligate séegiemeAcacia suaveolens A
larger study of 35 species from the Fabaceae antbbaceae families confirmed the
ubiquitous nature of heat cues in these familiadqAnd O’'Connell 1991), although
species varied somewhat in the temperatures whick associated with a maximal
response. These data, in conjunction with infoiomabn soil temperatures relative to
fire intensities, led to the conclusion that repddow intensity fire should be avoided.
More recent studies have demonstrated the dormiaeaking properties of smoke.
Kenny (1999) and Morris (2000) found smoke incrélagermination of several
Grevilleaspecies found on sandstone, with some speciesesponding positively to
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heat. Thomast al.(2003) documented a range of responses to heatnaokk cues
amongst a group of Sydney sandstone species, inglinteractions between cues.
Relatively moderate heat shock produced maximumnigetion in several species,
leading these authors to conclude that “low-intgrf&ie or patches within fire” may be
important for recruitment of some plants.

At a community level, a study by Morrison (2002)ifa that floristic composition in
Sydney’s sandstone country varied with fire intgnsBSpecies favoured by relatively
high intensity fire included peas and monocotsectss from the Proteaceae and
Rutaceae families were most abundant where firebkead of low to medium intensity,
while low intensity burns favoured species in thaéridaceae family. Recent work by
Ooi et al. (2006) shows that a number of obligate seééeicopogorspecies appear to
rely at least in part on persistence of adult gamtunburnt patches and places where
fire intensity is low.

The message here appears to be that some specédi from intense fires, while
others will be more abundant where fire intenstiow. Variability again appears to be
the key to allowing species with different attribsito co-exist.

2.1.6 Conclusion

Research in Sydney Coastal Heaths reveals a cEsgimnment-limited but fire
modified vegetation type (Boret al. 2003, 2005, Section 1.5). While low soil fertility
limits plant growth, relatively high rainfall allaswcompetition dynamics to develop.
Fire frequency profoundly affects community comgiosi and vegetation structure:
Morrisonet al. (1995) attributed almost 60% of the floristic vaioa in their samples to
this variable. Variation in fire frequency, andatéesser extent in intensity and perhaps
also in season (Clark 1988), facilitates the catexice of the wide diversity of large
and small plants which grow in this environment. cGurse variability in factors such
as topography and drainage also plays an impaitéatn providing opportunities for
plant co-existence in Sydney Coastal Heaths (Boa#tt al. 1997).

The findings outlined above illustrate many of #spects of non-equilibrium systems
discussed in the previous chapter. Sydney CoHstathis dynamic — it changes with
time and disturbance history; both too frequent adnfrequent burning can cause
species to be lost from the community; long inténmetween fires allow competitive
exclusion of smaller by larger species; diversitgoas the landscape relies on a shifting
mosaic of patches in flux. Application of the Vigdtributes model to data on individual
plant species produces fire frequency thresholdstwiiave face validity given findings
of field studies at community level. Variability interfire intervals within these
thresholds is clearly essential in allowing spetiesoexist. Keith (1995:205) puts it
like this:

“Heathland mosaics are interactive and dynamicesyst The properties that
characterize mosaics: spatial heterogeneity; teahglynamics; and interactive
processes, are inherent in all natural systemssnthe ultimate means of
sustaining their biodiversity. Mosaics should #fere be considered the norm
of natural systems, rather than the exception.”
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2.2 South Coast Heaths

2.2.1 Introduction

In the far south-east of the Southern Rivers regimexposed, flat coastal plateaux
grow South Coast Heaths. Soils are low-nutriemtidigy alluvial sands and gravels.
Rainfall is lower than in the Sydney region, avamrggy50 mm a year at Green Cape
lighthouse (Bureau of Meteorology 2005). Vegetatm these heathland ‘moors’
rarely exceeds 1 m, and contains a diverse compieaieshrubs and sedges. Degree of
exposure to sea winds and drainage patterns @eaggetation mosaic variously
dominated by shrubs such\&&stringia fruticosaCorrea albavar. alba, Epacris
impressaAllocasuarina paludoseBanksia paludosandXanthorrhoea resinifera. A
variant of this vegetation type is found on neagbgstal ranges, whekeptospermum
trivervium, Epacris microphyllandLepidosperma gladiature prominent (Keith
2004).

Research into South Coast Heaths in NSW has caatemton Nadgee Nature Reserve.
Here, the need to study the effects of fire carte sharp focus in 1972 when an intense
and extensive wildfire swept through the surrougdorests and into the heath (Fox
1978). A number of studies of birds and animalemm@nced at that point, studies
which “have had a seminal influence on our undaditay of the fire ecology of these
groups” (Keith 2004).

This vegetation type is also found in Victoria, wéé extends from the NSW border
along the Gippsland coast as far as Wilson’s Praamgn Findings from a number of
Victorian studies are therefore mentioned in tbigtion.

The discussion below covers vegetation dynami&ounth Coast Heaths (Section
2.2.2), fauna recovery after wildfire (Section 3)2and time-since-fire effects on fauna
(Section 2.2.4).

2.2.2 Vegetation dynamics

We are fortunate to have a careful longitudinatlgtof vegetation change with time-
since-fire in South Coast Heath. Posamemtied. (1981) had fortuitously sampled
heathland vegetation at Nadgee just before the fi8%,2and continued monitoring the
same plots for the next six years, with sampling ahd 6 months, and at 1, 2, 4 and 6
years after the fire. By three years post-fireglet species richness was almost twice
as great as it had been before the burn. Manyespetich were either not recorded in
the pre-fire survey, or which had been rare, amukafter the fire. The spread of
species across the heath was also greatly enhagdéd fire: by the end of the study
45% of species had surpassed their pre-fire digtab, while a further 50% had
equalled it. By six years post-fire vegetation waskening. Thirty-seven percent of
species had begun to decline by this time, whilstmwnocots reached the peak of
their post-fire distribution in only two years. @0 of the dominant shrubs recovered
more slowly. Posamentiet al.(1981) noted that the intense burn at Nadgee had
encouraged seedlings: “...the enhanced seed geromrfads resulted in a large number
of what may be termed fugitive species which hakenm the opportunity afforded by
the fire to increase their populations and storseafd in the topsoil. Such an
intermittent opportunity may be important to theing term persistence in the
community” (Posamentiest al. 1981:172-3).
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Russell and Parsons (1978) used a ‘place for tatnategy to assess vegetation change
over 21 years in heath at Wilson’s Promontory. c&serichness along line transects
showed no decline over the first post-fire decddé dropped from over 60 species to
49 by 21 years post-fire. Recent inter-fire int#suvn the ‘younger’ sites in this study
varied between five and nine years.

Both these studies suggest that South Coast Hdi&th$heir Sydney counterpart, are
dynamic ecosystems. That they change with timeesfite is clear. That different fire
frequencies will favour different plant species apécies groups seems likely, although
studies addressing this issue directly are, sddekjng.

Are there any indications that competition dynanmzs/ be an issue where South Coast
Heath remains unburnt for extended periods? Tiestipn is relevant as a second
wildfire at Nadgee in 1980 has been followed byeatensive fire-free period over

much of the Reserve, giving a post-fire age of adoR5 years.

The large serotinous obligate seeders which figu®ydney Coastal Heaths are largely
absent from the South CoaBinksia ericifoliadoes not occur below Jervis Bay, and
while the distribution oAllocasuarina distylaandHakea teretifoliadoes include the far
south coast, neither species is prominent (KeithBedward 1999). However a
description of coastal heathland vegetation in adgNPWS 2006) lists as common
several species which are considered to have tiea to encroach to the detriment
of other species. These include Coastal teakiepéospermum laevigatuilolnar et

al. 1989, Offor 1990, Bennett 1994 cacia longifoliassp.sophorag(McMahonet al.
1996, Costellet al.2000), andVielaleuca armillaris(R. Bradstock pers. comm. 2006).
While it is not always clear that reduced fire freqcy is the primary reason that these
species gain dominance, this is generally consideaet of the story. Past grazing by
cattle may also be a factor.

2.2.3 Faunarecovery after fire

Turning now to animal studies, the primary mesdeag®@ the post-fire work at Nadgee
is that fauna species can recover even after iatand extensive fire.

There is no doubt that the immediate effects oflihg2 wildfire on birds and animals
were severe. Charred bodies of numerous birdd] smanmals, macropods and
possums were counted, although some live lizarddes, wombats, kangaroos and
birds were observed soon after the fire (Newsetrad. 1975, Recheet al. 1975, Fox
1978). Post-fire predation and lack of food furtreluced population numbers. Keith
et al. (2002a) speculate that the effects of heathlandfinels on fauna may be more
severe at Nadgee than in heath on sandstone, duelative lack of post-fire refuges
and nest sites which in sandstone country are geoMby rock outcrops.

However “after a few years there was no evidenaedhy species of plant or animal
present before the fire had been lost from the Re&&(Recher 2005). In a survey of
heathland birds in the spring of 1979, seven yaties the 1972 fire, “not only were

* In addition, Fox (1978) reports vigorous resprouting of both Casuarina distyla and Hakea
teretifolia at Nadgee after the 1972 fire.

® Nadgee Nature Reserve contains forests as well as heathland. Some studies cover this range
of vegetation. | have focussed on heath-related findings in this section; other findings are
reported in Section 4.2.
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Ground Parrots abundant at Nadgee, but so weréa@faplement of other heath birds,
including the Eastern Bristlebird” (Recher 2005:2Eyven after a second fire in 1980,
avifauna recovery was rapid.

Where did recolonisation come from? Although tietyse isn’t completely clear, we
know that some heathland species survived in unipatches along creeklines (Recher
et al. 1975, Fox 1978). Others probably moved in frongéannburnt heathland patches
to the north and south of the Reserve once comdiamain became suitable (Recher
1981, 2005).

Recher (2005:25) concludes: “It is clear that d@anee wildfire need not be a disaster
for the fauna or the vegetation. Even a secoed @latively soon after the first may not
lead to the loss of species, so long as thereaiece of colonists nearby.”

2.2.4 Time-since-fire effects on fauna

Research at Nadgee also illustrates another confimding with respect to the effects
of fire on fauna. As time-since-fire progressespources and habitat change, and so too
does the suite of fauna species.

Newsomeet al.(1975) recorded greatly reduced numbersméll mammalsacross the
reserve in the two years after the 1972 fire. Whihall numbers dkntechinus
swainsonij Antechinus stuartjiiRattus lutreolugndRattus fuscipewere trapped, they
tended to be found in refugial habitats such assted gullies which were not
commonly used before the fire rather than in heatrheathland patches recovery
varied with type of heath. In general, few animaése found in the immediate post-
fire years, although sonfntechinus swainsonivere trapped in a “totally burnt out
swamp” whereR. lutreolusandR. fuscipe$iad previously been abundant. Upland
heath housed various small mammal species beferigréh however post-fire recovery
was slow (Newsomet al. 1975, Catling and Newsome 1981). Small mammal
abundance recovered more rapidly in heathland ¢tof®rest, than in non-ecotonal
areas (Catling and Newsome 1981). By six to ejghrs after the 1972 fire, all four
native small mammals were found in a range of haathhabitats — including open dry
heath, though only where scattered mallee thidketeased habitat complexity
(Catling 1986).

The second fire in 1980 again reduced the abundaintative small mammal species at
Nadgee pretty much to zero, although again smatibars ofAntechinus swainsonii
were found in burnt out swamp (Catling 1986). Agaost-fire recolonisation of
heathland was slow relative to that in forest. li@g(1986:132) points out that at
Nadgee “as habitats age after fire they increasgrirctural complexity.” As this
occurs small mammal abundance and diversity atseases — and this happens most
rapidly in habitats which are by nature relativebmplex. Catling (1986) found that
the first native small mammal to colonise he&attus lutreoluswas strongly
associated with thickets of taller vegetation witthie heath: these thickets added to
habitat complexity. The association between timeesfire, habitat complexity and
fauna diversity is a recurring theme in the firelegy literature, and will be discussed
again in Section 4.2.

® Catling (1986) scored habitat complexity by assessing cover of trees, shrubs, ground cover,
rocks, logs and litter, and the presence of water.
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Nadgee, however, is in one sense an a-typical@mwient for studying effects of fire
on small mammals, as mseudomyspecies are found there. Unlikatechinusand
native rats, these native mice tend to be heattdpedialists and are also often
associated with the early years of post-fire recp{€atling and Newsome 1981, Fox
1983, Friend 1993). Catling (1986) suggests tmaegrly success at Nadgedraittus
lutreolus which is a relatively late coloniser in other tidand environments (Fox
1982, 1983, Friend 1993), may be due to lack ofetition fromPseudomyspecies.

Nadgee does, however, host a variety of heathdémdd. Recher (2005:26) monitored
bird populations in an area of heath burned affter1980 fire, and compared results
with those from an adjacent area that had burth®if2 but not in 1980. In the first year
after fire large numbers of quail, bronzewing pigeand finches ‘invaded’ the moor,
“responding both to the seed released after tedrm the burnt heath plants and then
to the seed produced by the abundant growth ofengtiasses.” Forest birds were also
prominent in heath during the first 12-18 month&jrig advantage of the abundant food
provided by insects. Within two years, howeveg, dhiginal heathland avifauna had re-
established itself and the numbers of seed-eaterfoaest birds diminished. As the
height and density of the heath increased, birds as the Australian Pipit declined and
disappeared. In 1995, 15 years post-fire, Bake®9{Lrecorded a small number of
Bristlebirds in heath to the south-east of the ReseBy 2000, 20 years after the 1980
fire, numbers of Tawny-crowned Honeyeaters, wharadge on the ground, had fallen,
while the abundance of Ground Parrots and Striaieldwrens also appeared to have
diminished. However other species, including savpairs of Bristlebirds, had
established territories in the thick 20-year regatien (Recher 2005).

Findings of time-since-fire studies on the Grouadr®t, an ‘icon’ heathland bird, have
varied: while some studies have found this spdnigseater abundance in the early to
middle years of post-fire regeneration than inrlatest-fire years (eg Mereditt al.
1984, McFarland 1988), others have found that paeasities have held steady or
continued to increase a decade or even two afee(Biaker and Whelan 1994, J. Baker
pers. comm. 2004). Possible explanations inclbdedtudies were conducted in
different kinds of heaths — heaths with a high prtipn of sedges may provide better
food resources for the birds (Meredéhal. 1984, Keithet al.2002a). Growth rates
may vary between heath types, varying the timeetetbpment of dense closed stands
that Ground Parrots may not find ideal. Predagmrsity may alter utilisation patterns.
The length and pattern of interfire intervals ‘behiithe different times-since-fire
surveyed may affect vegetation composition and Halstat suitability. Catling and
Newsome (1981) present data from Nadgee that skoowery of Ground Parrots to
pre-fire levels by four to five years post-firehé 'heath they surveyed in the year prior
to the fire had been burnt ten years previouslyhsofinding tells us that parrots were
more abundant at 5 and 10 post-fire years thamerearly post-fire years, but doesn’t
provide a comparison to heath of greater than &0 pest-fire age. In Croajingolong
National Park just across the Victorian border fidatdgee, Mereditbt al. (1984)

failed to find Ground Parrots in 28-29 year oldtheaand sedgelands, although they
were abundant between 4 and 7 years post-fireosed heaths with a diverse shrub
complement, and between 5 and 17 years in heatindted by grass-trees and sedges.

On the other hand, research into the even morielakastern Bristlebird paints a
picture of a cover-dependent species whose surdeénds on the existence of dense,
long-unburnt heathland habitat (Baker 2000). Byistds are poor flyers given to
breeding failure and low fecundity, characteristidsch means their chances of
surviving a fire are low, as is their ability taco#onise over more than short distances
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(Baker 1997). A single, extensive fire has theeptal to wipe out a fair percentage of
remaining individuals, as this species is only fibaiha few locations (Baker 1997).
Fire exclusion has been recommended as a key catieer strategy for the survival of
the species (Baker 2000). However the need torenswburnt patches containing
Bristlebirds remain when a wildfire does come tigtoimplies that limiting fire extent
may be as important as low fire frequency to theisal of these birds. Bristlebird
populations in 1997 at Barren Grounds west of Kiaveee in relatively good shape
after a series of patchy fires over the precedingéhars: fires occurred in five years
during this time, 10 and 50% of the reserve wasthuareach of these years (Baker
1997). Recolonisation from unburnt into adjacammnbareas is also the probable
explanation for the findings of Pylet al. (1995) at Jervis Bay. These researchers
found no differences in numbers of birds in haldiatnt less than seven years
previously, to numbers in areas burnt over 11 yages Their burnt transects were all,
however, within about 300m of long-unburnt areas.

2.2.5 Conclusion

Kennyet al.(2004) recommend a fire frequency of between 73fhgears for
heathlands throughout the state. While studies havt directly addressed the effects of
fire frequency in South Coast Heaths, this rangensecompatible with the findings of
the time-since-fire studies summarised above. iSsuafter the 1980 fire show recovery
of a wide range of fauna species following the pdieg eight year interfire interval,
suggesting that occasional relatively short intlsréaould not be harmful. Indeed the
presence of “fugitive” plant species which thrivethe early post-fire years, and the
existence of plant species with the potential tmihate to the detriment of other
species suggests some short intervals may be iamddr maintaining diversity. At

the other end of the fire frequency spectrum, lioervals in some parts of the
landscape are clearly important for some bird gge@articularly the endangered
Eastern Bristlebird.

Variability in time-since-fire is clearly importaim creating the habitat diversity needed
to support the full range of plants, animals amdsin South Coast Heath. A range of
age-classes may also help limit the risk of extensiildfire, which could be

detrimental to Bristlebirds. As noted above, tliergyth of the time-since-fire

dynamics for both plants and animals suggests iéityain fire frequency is also likely
to be important. Varying fire frequency in Soutbast Heath may be the best way to
ensure plants and birds whose abundance is gréatbst early post-fire years have
opportunities for growth and recruitment, whilecatsfeguarding areas of dense
vegetation for cover-dependent species such asastern Bristlebird.

As Recher (1981:39) points out, “heaths will burmether we want them to or not.”
Whether there may sometimes be a role for planined&n be debated. The most
likely time is when large areas are approachinguphpger reaches of the recommended
fire interval domain. The primary aim would bepimvide habitat for early-
successional plants and animals. Research inteffibets of interfire intervals of
various lengths, and particularly those of longifite intervals on early successional
species, would help clarify this issue.
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3 Firein grasslands and grassy woodlands

Grassy woodlands and grasslands were once widespré&astern Australia. Growing
on fertile soils in areas of moderate rainfall, sgravegetation quickly attracted
European settlers seeking pastures for sheep #itel dlany areas were cleared for
crops and towns. Pastures grazed by domestic Enimese often ‘improved’ through
addition of exotic species. Today, high qualityiveagrasslands and grassy woodlands
exist mostly as isolated remnants, and even thexge dften been modified (Sivertsen
1993, Prober and Thiele 1995, Sivertsen and CI20K®€, Yates and Hobbs 2000).
Because of their association with agriculture, naing native grasslands and grassy
woodlands are often found on private property.

Research into the role of fire in Australia’s temgie grassy vegetation has focussed on
the Themedadominated grasslands of Victoria’s lowland plaiwgh substantial gaps
elsewhere (Hobbs 2002, Lunt and Morgan 2002). Vhitorian work informs the
discussion of Temperate Montane Grasslands in@e8til. More recently
investigations into the effects of fire in Coastalley Grassy Woodlands, which are the
subject of Section 3.2, has begun.

3.1 Temperate Montane Grasslands

3.1.1 Introduction

Temperate Montane Grasslands once covered an mdemsa on the Monaro
Tableland from Cooma south to Bombala, with outlypratches elsewhere, for example
around Bungendore and Braidwood (Cambage 1909,d8€1894, Keith 2004). These
grasslands, which are related to those found obakalt plains west of Melbourne
(Keith 2004), have been extensively used for gaziModification through the use of
fertilizer and sowing of exotic herbs and grassesidespread (Benson 1994, Marshall
and Miles 2005). Remaining native species-domhetennants are therefore a
valuable conservation resource (Eddyal. 1998).

Temperate Montane Grasslands occur between 60050@Im above sea level, and
receive between 500 and 750 mm of rainfall eaclh. y€@mposition varies with
altitude, topography and soil type. Clay soilsgeeaerally dominated by the tussock
grasse§ hemeda australiangaroo Grass) arRba sieberiangSnowgrass), drainage
lines are often filled with dend®@oa labillardieri (Tussock), while the sandy clay loams
formed from granite tend to be dominatedAwstrostipa(SpeargrassAustrodanthonia
(Wallaby Grass) oBothriochloa(Red Grass) (Keith 2004). This latter community,
parts of it, may be a degraded form of the forrhawjing lost itsSThemedao grazing
over time (Benson 1994, Marshall and Miles 2005ng/et al.2006). Amongst the
tussock grasses which dominate Temperate Montaags{ands grow forbs, including
daisies, lilies, peas and orchids (Keith 2004) fddnnately, exotic grasses and forbs
are also common (Benson 1994, Dorroegjlal. 2004).

Gellie (2005) identifies a vegetation class cabedithern Tablelands Temperate
Grasslands. Vegetation groups within this clashige:

* Group 152 — Tableland Herb/Grassland. This ecesyst dominated by
“grasses such ahemeda australiandPoa sieberianavar. sieberiana’ A
moderately diverse cover of herbs may incl@deysocephalum apiculatym
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Asperula confertaHypericum gramineurandConvulvulus erubescens
Estimated pre-European extent was 38,400 ha, 86&hich has been cleared.
Thirty-one percent of the remaining 5,200 ha isyboutside conservation
reserves.

* Group 153 — Tablelands and Slopes Herb/Grasslanoifi&od. This vegetation
type is similar to Group 152, although a low oversy of Eucalyptus pauciflora
and/orE. rubidais sometimes presenf.hemeda australis the primary grass
in the tussock matriXpichelachne micranthaMicrolaena stipoidesndElymus
scaberare also quite common. Herbs include those ligieGroup 152 above,
as well adMicrotis unifolia, Leptorhynchos squamatasdTricoryne elatior
Pre-1750 extent is estimated at 206,000 ha, of w8800 ha, or 2%, is
believed to remain. None of this, according toli&gR005), is in dedicated
reserves.

e Group 157 — ACT/Monaro Dry Grassland. Grass dontsan this vegetation
group includeBothriochloa macraPoa sieberianaThemeda australjs
Danthonia caespitosandAustrostipa bigeniculata.Common herbs include
Chrysocephalum apiculatyr@onvulvulus erubescen&caena ovinaGoodenia
pinnatifida, Wahlenbergia commurasdDesmodium varians This vegetation
group covered an estimated 159,900 ha prior tofigao settlement, of which
only 2,800 ha (2%) remains today, 85% outside awasien reserves.

* Group 158 — Monaro Dry Grassland. This vegetatype is dominated by
AustrostipaandAustrodanthoniapecies, along witknneapogon nigricans.
Herbs includéNahlenbergia communi¥ittadinia muellerjf Rumex brownji
Convulvulus erubescemsmidDesmodium variansThe estimated 485 ha which
remain represent less than 1% of the pre-1750llision of this vegetation
group. lItis not found in conservation reserves.

While little research has addressed the effectseoin Temperate Montane Grasslands,
fire-related vegetation dynamics in Victoria’s lant grasslands have been extensively
studied — although fauna issues have as yet retéitle attention. Many species in

this ecosystem are the same as, or similar toetfmsd in Temperate Montane
Grasslands. Victoria’'s grasslands are dominatethieyneda australfswhich is also

an important component of Temperate Montane GradsléEddyet al. 1998, Keith

2004, Dorrougtet al.2004, Gellie 2005). Between the tussocks formethisyspecies
grow forbs and subdominant grasses (Tremont anatytel 1994, Kirkpatriclet al.

1995).

Our discussion of fire in Temperate Montane Gramdebegins with an account of fire-
mediated interactions between matrix grasses amatlesrspecies (Section 3.1.2).
Research into the relationship between fire andrthix specieThemeda australis
follows (Section 3.1.3). Because herbaceous exatie a major issue in remnants
grasslands, the effects of fire afidemedan weeds is discussed in this section. The
relationship between fire and shrubs in grassy tatige — grasslands can contain some
shrub species (Eddt al. 1998) — will be addressed in the section on Coa&tliéy
Grassy Woodlands later in this document (Secti@r2}.

" | have used the designation Themeda australis throughout this document, as this name is
used throughout NSW (Harden 1993). Others, including the Victorian researchers whose
work is cited here, prefer Themeda triandra, a name which recognises the close affiliation
between the African and Australian forms.
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3.1.2 Grass/forb dynamics

The need to consider the role fire in conservabibtemperate grasslands first became
salient through a study by Stuwe and Parsons i@.187comparison of three
management regimes found that the patchy annuaifguundertaken on railway
reserves was associated with a higher richnesatifenplants than was grazing or fire
exclusion. All sites were dominated Bliemeda australighis was a selection
criterion), leading Stuwe and Parsons (1977:47Bymmothesize that the differences in
species richness might be because regular firinlgeofail sites preventéthemeda
from “attaining maximum size and vigour,” depoditia deep litter layer and thus
outcompeting smaller, less competitive herbacepasiss.

More recent work has confirmed aspects of StuweRardon’s theoryThemeda
australisdoes indeed grow rapidly after fire (Morgan 199@nt 1997b), so that by
three years post-fire, gaps betwddremedaussocks in Victoria’s lowland grasslands
have mostly disappeared (Morgan 1998a). A studyumt and Morgan (1999a)
confirmed that species richness is significantjueed in patches whefdemedas
dense. Studies have found that forb seedlings gapslto survive and grow
(Hitchmoughet al. 1996, Morgan 1997, 1998a), and that short ineifitervals are
important for maintaining populations of adult irstiitial species (Coatext al. 2005).

However attempts to encourage native species thrbugning have been less
successful. Lunt and Morgan (1999a) found th&ioalsh intermittent burning in a
previously-grazed grassland reserve was assoaiatie@ slight increase in species
richness, most colonisers were ‘weedy’ speciestivenand exotic — with wind-blown
seeds. Morgan (1998b) found that fire frequency wnat reflected in differences in
species richness or vegetation composition indnasslands with different burning
histories over the last 10 years. Results werermpoymising in a grassland reserve
managed with six burns over 17 years (Lunt and iort999b). Here, comparison
with an unburnt control plot found that “The freqtig burnt zone was dominated by
native species (72% cover) with relatively littiever of exotics (7%), whereas the
rarely burnt zone was dominated by exotic speei@%o(cover) with just 40% cover of
native species” (Lunt and Morgan 1999b:85).

The differences found in this last study appeaetate more to the effects of fire on
Themedgwhich are discussed below) than to encouragenfesgedling establishment
in native forbs. Seedling establishment appeabeta relatively rare event in
productive temperate grasslands. Morgan (1998d), @ounted seedlings emerging
eight months after a fire in a regularly-burnt gtasad remnant, found that only six
native species had seedlings. A second studycadfitsment patterns in four remnants
(Morgan 2001) found few native seedlings over thadyear study period. However
what native seedling recruitment there was almibsicaurred in sites which had been
burnt, with virtually none in the absence of fire.

Other studies point to an important characteristtithe great majority of native species
in these grasslands: they tend to rely on persistehexisting individuals, rather than
on recruitment of new individuals. Although thare some annual and biannual
species, most are perennials, afigperennial species resprout after fire (Lunt 1990,
Morgan 1996). Unlike many heathland species, tandperennial forbs termbtto
have a large permanent store of seed in the saitddh 1995, 1998b). Many species
germinate easily and rapidly, and are not inhibiigdiarkness (Willis and Groves
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1991, Lunt 1995, Morgan 1998c), characteristicscwiimply that seedbanks will be
rapidly depleted by germination. On the other hamdssland species almost all flower
within the first year after a fire (Lunt 1990, Mang 1996, 1999), and flowering effort
for many forb species is concentrated in the ficsit-fire year, dropping considerably
in year two (Lunt 1994). These species are thezaiging the third strategy discussed
in Section 1.2.2 for ensuring seed is availableratfire: creating seeds rapidly. Post-
fire rainfall is also almost certainly an importal@terminant of recruitment success for
grassland species (Morgan 1998c, 2001).

3.1.3 Themeda, fire and weeds

Research has shown that in many situations, fagsph vital role in maintaining the
vigour of the grassland matrix speciédsemeda australisThemedalominated large
areas of temperate Australia prior to Europeatese#int (Prober and Thiele 1993,
Nadolnyet al.2003, Prober and Thiele 2004), and in some plaweginues to do so
today (Section 3.1.1). Research has also fourtcathaalthyThemedaward can, in

turn, limit or reduce weed invasion. Studies frgrasslands and grassy woodlands are
included in this section.

Maintaining Themeda vigour

Both time-since-fire and fire frequency studieséndecumented a positive relationship
between fire andhemeda

A decline inThemedabundance and vigour with increasing time-sincefiias been
noted by several researchers. Morgan and Lun©9jl€idiedThemedaat various
post-fire ages in a grassland remnant near Mellgouumbers of tussocks, numbers
of tillers per tussock, and numbers of infloresesnall declined with time since fire.
Significant declines were first observed at fivangepost-fire. By 11 years without
disturbance, almost all vegetative matter in tusseeas dead, and tussock numbers per
unit area were half those in recently-burnt ardamg-unburnt tussocks were
significantly slower to recover when a fire diddlly occur, and had fewer tillers. Also
in Victoria, Robertson (1985) found a decreasééabundance dthemedan unburnt
woodland areas, whilElicrolaena stipoidesncreased. S. Clarke (2003), working in
grassy woodland near Sydney, found cover-abundafritkemedavas higher in
recently-burnt than in unburnt sites. Similar @sges have also been reported from
South Africa, where some forms Dhemeda triandrgsynonymT. australig “become
moribund in the absence of fire” (Bond 1997:434).

Fire frequency studies have linked abundémmeda australi® regular burning. In a
grassland reserve near Melbourfbemedalensity was three times as great in areas
burnt six times in 17 years, that in a control ambéch had had 17 years between fires
(Lunt and Morgan 1999b). In grassy woodland neain8y, Themedalominated the
ground layer in sites burnt at least once a dedadeot in sites with over 20 years
between the last two fires (Watson 2005). Longitexperiments in South Africa,
whereThemedas a common savanna grass, have also recordedieoaisly more
Themedan frequently than in infrequently or long-unbuareas (Uyt al. 2004, Fynn
et al.2005).
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Why does fire maintailthemedavigour? Periodic defoliation appears to prevést t
self-shading which suppresses tiller productionn@®997, Morgan and Lunt 1999).
Fire removes the thick mulch of dead material wigoévents seedling regeneration
(Morgan and Lunt 1999). Smoke may play a roleuimg seed germination in
ThemedgBaxteret al. 1994, Wood 2001), although not all studies havedothis to be
the case (Clarket al.2000). Summer-growingrasses such d8hemedaise water
more efficiently and have lower nutrient requiretsathan all-season and winter-
growing G grasses likdicrolaena stipoidesindAustrodanthonispecie$ (Ojimaet

al. 1994, Nadolnyet al.2003), and these characteristics may giysgecies a
competitive advantage in a frequently-burnt envinent (Fynret al. 2003).

The vulnerability ofThemeddo lack of burning may vary with environmental or
genetic factors. Bond (1997) notes that some $asfiThemeda triandran South
Africa appear to be immune to self-shading, asrsliare borne on aerial shoots.
Vigorous flowering ofThemeda australiwas observed in late 2005 along roadsides
burnt in the February 2003 fires south of Canbgmrasumably in areas where fire had
not been frequent.

An additional factor in th&hemedastory concerns its response to grazing. Researcher
have noted a decline themedavith moderate to heavy grazing (Moore 1953, Prober
and Thiele 1995, Chilcott al. 1997, Fensham 1998, Mclintye¢ al. 2003); locally in
basalt grasslands on the Monaro Dorroaghl. (2004) found a substantial decline in
Themedawith increased grazing frequency. Where grazirgreduced but not
eliminatingThemeddrom the grass sward, fire may play a useful rolés retention

and regeneration (Prober and Thiele 2005).

Are other matrix grasses likely to respond in ailsinfashion to fire? The ability of C
species to use nitrogen and water efficiently satgghnese species are more likely than
Csgrasses to have a positive response to fire. SQymggasses, particularjoa
sieberiana may also be encouraged, or at least not discedrdxy regular burning.
Tasker (2002) found th&oa sieberianavas considerably more abundant in frequently
burnt sites in the New England Tablelands tharités svhich had not had a fire for
many years. In Snow Gum woodland in Namadgi Nati®&ark Kelly (2004) was
unable to detect a trend in the abundandeaaf sieberianan plots subject to between
two and 11 fires in a 41-year period.

Reducing weeds

Themeda australis of particular interest because it may be ona sihall number of
native grass species able to compete successgdlpst exotics (Cole and Lunt 2005).
Morgan (1998d), and Lunt and Morgan (1999b) rembatsignificant negative
correlation betweemhemedabundance and species richness of exotic herbs in

® Photosynthesis in grass species involves one of two metabolic pathways. In C; species
photosynthesis takes place in cells just below openings in the leaf surface called stomates,
and produces as a first step a product containing three carbon atoms. In C, species carbon is
fixed in cells arranged in bundles (Kranz anatomy), and produces as a first step a product
containing four carbon atoms. The C, pathway uses CO, more efficiently and is favoured
where light levels are high. Because C, plants have a lesser need for open stomates, they
lose less water than C; species and so may do better in arid environments. Cj; grasses often
grow better in winter and are sometimes called ‘cool season’ grasses, whereas C, grasses
tend to grow in summer and are sometimes called ‘warm season’ grasses.
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Victorian grasslands, while Watson (2005) reposigdilar findings in grassy woodland
near Sydney.

Recent work in White Box woodlands suggests Thegmedanay play a key role in
ecosystem function, regulating nitrogen to the ativge of native perennials over
exotic annuals (Probet al.2002b, Probeet al.2005). Probeet al (2002b) found
degraded sites in Western Slopes rangelands hhdrhggil nutrient levels, in general,
than undegraded grassy woodlands. Exotic plargroeas highest in more fertile soils,
particularly where nitrate was high, whilbemedandPoa sieberianadominated
reference sites had the lowest levels of nitrdieese authors suggest that one way to
restore a healthy native understorey in degradstlipes is to break the nutrient
feedback loop set up by annual exotics (which miksasing nutrients) by regenerating
perennial tussock grasses sucfllasmeda A recent test of this proposition (Prole¢r
al. 2005) found reductions in levels of both nitratel @xotics in experimental plots
seeded witiThemedgProber and Thiele 2005). These reductions wergt m
impressive wheifhemedaeeding was combined with burning (two fires oeary
apart). Probeet al.(2005:1084) conclude:

“Our results indicate thathemedanay be a keystone species, able to drive and
maintain the soil understorey system in a low-téti@ondition that, if
appropriately managed, remains resistant to weesian.”

Although many exotics may be deterred either diyemtindirectly through regular
burning, other weed species may be well equippéeaki® advantage of the ‘stable
invasion window’ provided by frequent fire (Morga898d, Setterfiel@t al. 2005).
Concerns that this might apply to perennial grasgies with high invasive potential
such ag€ragrostis curvulgAfrican Lovegrass)Nassella neesian@hilean Needle
Grass) and Serrated Tussoblaésella trichotomp have been expressed (Stuwe 1994,
Nadolnyet al. 2003, Marshall and Miles 2005).

Where perennial exotic grasses occur amongst ngside native tussock grasses, fire
may have both benefits and risks. Enhancing theuriof native tussock grasses may
help keep exotic perennials in check through coitipet On the other hand, some
exotic perennials flower rapidly and profusely aftee (pers. obs.), and may have more
extensive and permanent seedbanks than nativeesgé€uilgers 1999).

Research on the capacity of fire andfbemedado influence the rate of spread of
invasive exotic grasses is limited, but what thermgives cause for cautious optimism.
One study, by Lunt and Morgan (2000) found thatséestands ofhemeda australis
significantly slowed, but did not eliminate, invasiby Chilean Needle Grass (CNG) in
a Victorian grassland. Hocking (nd), who followaal various initiatives to address
infestations of CNG in Victorian grasslands, fodhdt late Spring burning reduce the
area occupied by CNG tussocks, and curtailed sextliption and recruitment.
Oversewing of areas where CNG had been sprayeditituThemedanmet with varying
degrees of success in terms of tussock establighimanever where establishment did
occurThemedavas able to hold its own against, though not elatenCNG over a five-
year period.

Integrated weed management, combining fire witleoitrategies, may provide
answers in these situations. The post-fire enviremt presents opportunities to target
weed species while in an active growth phase, bafay flower, and while they can
easily be disentangled from natives. Hocking fedpmmends a combination of
periodic spot spraying, late Spring burning, dhémedastablishment for managing
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Chilean Needle Grass. In grassland remnants ih+sast Victoria, managers follow
ecological burning in early summer with herbicigigplkcations to post-fire regrowth of
perennial exotic grasses, particulaPgspalum dilatatunandPhalaris aquatica
(Johnson 1999). The extent to which various coatibns of fire and other strategies
can assist in deterring aggressively invasive waetsmperate grassy vegetation
would be an excellent subject for adaptive manageigBradstoclket al. 1995, Lunt
and Morgan 1999a, Gidit al.2002).

3.1.4 Conclusion

The findings outlined above have led to the conoclughat:
* Temperate grassland species are well able to capdrequent fire.

» Fire or some other disturbance which removes bismathe dominant grass
species is essential if forbs and less competifasses are to persist (Lunt and
Morgan 2002). Whether fire and grazing are intangeable is discussed in
Section 3.2.6.

» Frequent fire is important for plant recruitmefire ensures that two of the
three conditions for seedling establishment — gaise grass canopy and seed
availability — are fulfilled. The third requiremgmadequate moisture, may not
be met after every fire, but it is argued that wéfatively frequent fire, seeds,
gaps and rainfall will coincide often enough to main forb populations
(Morgan 1998a).

* Relatively frequent fire is needed to ensurefthemeda australisatrix which
characterises many native temperate grasslandsnemsalthy (Section 3.1.3).

In NSW, the statewide thresholds for interfire iagds in grasslands are currently 2 and
10 years. The upper threshold is based more wgamygnition of the need for periodic
biomass removal discussed above than on vitabatés data, which was insufficiently
detailed (Kennyet al.2004). Intervals as low as 1-3 years have beammaended for
Victoria’s productive basalt grasslands (Morgan889Coatest al.2006). Growth
rates in the Temperate Montane Grasslands undsidawation here are likely to be
slower than those in the Victorian lowlands. Timisans that gaps betwe€hemeda
clumps may close more slowly, leaving more oppatiesmfor forb growth and
recruitment, and also thaihemedaollapse may be delayed. Local ecologist John
Briggs, who has experimented with various interiirervals in grasslands and grassy
woodlands around Canberra, suggests 5-8 year aigemvay be appropriate in
Themedadominated vegetation on the Southern Tablelandswever detailed work
on the endangered daiBytidosis leptorrhynchoidgButton Wrinklewort), which is
found in some sites in the Goulburn area (Eeldgl. 1998) has led researcher John
Morgan (1997:574-5) to conclude that remnant pdmria inThemedagrasslands “will
need to be burnt at a maximum of 3-4-year interi@ksnsure that large canopy gaps
are regularly created to favour seedling recruitnagrl to minimize deep shading that
will disadvantage the standing population.”

On poorer soils wher@ustrodanthoniandAustrostipaspecies dominate, the need for
biomass removal is likely to be less thamhremedadominated grasslands on more
productive clay soils, suggesting a lower fire freacy may be suitable (Stuwe 1994,
Johnson 1999, Kenrst al.2004). These hypothesized differences in grads-her
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dynamics on different substrates, and subsequieteatfices in recommended
disturbance regimes, reflect the ideas presenttteidiscussion of competition and
productivity in Section 1.5. However as the rdidi® in Temperate Montane
Grasslands on different substrates is yet to liesluthese differences remain
speculative.

3.2 Coastal Valley Grassy Woodlands

3.2.1 Introduction

This vegetation type covers “a suite of highly dseeplant assemblages isolated in
different dry coastal valleys that occupy rainsheslamong the surrounding hills”
(Keith 2004:86). These valleys are low-lying, figee700-1000 mm of rainfall
annually, and have moderately fertile soils. latekern NSW Coastal Valley Grassy
Woodlands occur on the plains surrounding Lakevlllaa and in the valleys of the
Araluen, Moruya and Bega rivers. These woodldral® a diverse ground layer of
grasses and herbs, and “scattered or clumped shvbhih are mostly sclerophyllous”
(Keith 2004:86).Eucalyptus tereticornig-orest Red Gum) is found throughout the
range of this vegetation class; other overstoregiggs includde. moluccangGrey
Box), E. crebra(Narrow-leaved IronbarkE. eugenioide¢Narrow-leafed Stringybark)
andAngophora floribundgRough-barked Apple). These woodlands were skttle
rapidly and are now fragmented by land-clearingitfiK2004).

Gellie (2005), who uses the JANIS criterion of ‘@rerstorey canopy cover greater
than 20%” (JANIS 1997:22) to define ‘forest ecosyss$’, identifies a vegetation class
which he names South Coast Forest Red Gum Dry Gassts. Vegetation groups
within this class include:

* Group 54 - Far South Coast Red Gum Grass/Herb brgsgWoodland. This
vegetation group occurs “from the Bega Valley ladl tvay up the coast onto the
Cumberland Plain” (Gellie 2005: Appendix 5, p58). tereticornis Angophora
floribundaandE. globoideaoverlay a grassy understorey dominated by
Themeda australiandMicrolaena stipoides Forbs includ®ichondra repens
Glycine clandestinaDesmodium varianand the ferrCheilanthes sieberi
Acacia mearnsjiBursaria spinosandDodonaea viscosare common shrub
species. 3,900 ha (17%) of this vegetation grempains uncleared, of which
56% is found outside conservation reserves.

* Group 52 — Bega Valley Shrub/Grass Forest. GE®5) notes but does not
map the extent of this vegetation group, as itsioence falls outside his study
area. The tree species which dominate Group 54lsoethe dominants in this
group, and whiléAcacia mearnsjiBursaria spinosandDodonaea viscosare
still important shrub species, a number of otheuls$, includingkunzea
ericoides Trema asperandLeptospermunspp. are also commoi.hemeda
australisandDanthonia longifoliadominate the grassy ground layer.

South Coast ecologist Jackie Miles (2000, 200t givork by Keith and Bedward
(1999), discusses two dry grassy forest vegetayioes in the Bega Valley Shire which
appear to fall into the category under discussidath occur in agricultural areas on
private land, both have been heavily cleared, hatre recently been listed as
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endangered ecological communities, and neitheelsneserved. These communities
are:

» Bega Dry Grass Forest. Found on undulating cowarsynd the edges of the
Bega Valley, tree dominants in this vegetation tgpeEucalyptus tereticornis
andAngophora floribunda Themeda australiandMicrolaena stipoides
dominate a ground layer with a diverse herbaceongptement.Acacia
mearnsij BursarialasiophyllaandOzothamnus diosmifolitewe common shrub
species.

» Candelo Dry Grass Forest occurs in the dry, cepatlof the Bega Valley, as
well as in the upper Towamba Valley. Many spetiesmd in Bega Dry Grass
Forest are also found here. Yellow B&xjcalyptus melliodor@s an additional
tree species found particularly in this vegetatigre. Daisies such &alotis
lappuleaceaChrysocephalum apiculatuemdBrachycome ciliataare found in
the grassy understorey, which is usually dominate@hemeda australis
Bursaria lasiophyllaforms a dense shrub layer in some areas, whilgcexo
shrubs including African BoxthorrLycium ferocissimujrand Hawthorn
(Crataegus monogyndrequently invade.

Fire ecology research in Coastal Valley Grassy Viautk has been confined to the last
15 years, to the effects of fire on plants, andtipas the variant of this vegetation
class found on Western Sydney’s Cumberland Plamicwlies just to the north of the
Southern Rivers CMA region. This vegetation typamberland Plain Woodland
(CPW), grows in areas of moderate rainfall and telief topography on clay soils.
Dominated byEucalyptus tereticorniand the Grey Bok. moluccanathe CPW
understorey contains a diverse range of herbsjdima) most of those listed above,
within a grassy matrix which is often dominatedTihyemeda The shrub layer includes
wattles and peas but is dominatedBaysaria spinosgBursaria) which can form dense
thickets (Benson 1992, Jametsal. 1999, Benson and Howell 2002). CPW thus
resembles the more southerly Coastal Valley Gragsgdland variants in both
structure and species composition.

The discussion below first addresses what is knaout the fire-related dynamics of
three structural components of Coastal Valley Gr&8sodlands: shrubs (Section
3.2.2), trees (Section 3.2.3) and the ground |&yection 3.2.4). The relationship
between fire and exotic weeds is then discussedti(fde3.2.5). Section 3.2.6 asks
whether grazing and fire are interchangeable disfuces in grassy vegetation, from the
point of view of biodiversity conservation.

3.2.2 Shrubs

The importance of fire in the life-cycle of manya3tal Valley Grassy Woodland
shrubs is apparent from an experimental studyrefénd grazing in CPW. Hill and
French (2004) found both species richness and anaedof shrubs was significantly
greater in plots burnt 18 months earlier, whethyeplanned or unplanned fire, than in
unburnt plots.

The influence of fire cycles on shrubs in CPW west Studied by Thomas (1994) in a
single site. This study found few significant diftnces between frequently and
infrequently burnt areas, although trends for tiwab speciesBursaria spinosand
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the native legume@ultenaea microphyllavere towards greater density where burning
had been less frequent.

More recently, a survey in nine CPW remnants witfedng fire histories found a high
abundance dBursaria spinosan sites where fire frequency was low (these S
been unburnt for at least 20 years prior to a refa), to the point where this species
dominated much of the landscape. Sites in twordtreefrequency categories (high,
most intervals between 1 and 3 years; and moderatst, intervals between 4 and 10
years) had some Bursaria thickets, but much ofah@scape was open and grassy
(Watson 2005). This finding accords with thoserfrproductive grassy ecosystems
around the world, where increases in the densityaufdy plants in the absence of fire
have been observed (Lunt 1998a,b, Roaies. 2001, Allenet al 2002, Boncet al.
2005). It also suggests that fire may be a faattine differences in the density of
Bursaria lasiophyllaobserved in grassy woodlands around Bega (Mil€§ 22005).

In the multi-site study mentioned above, patteanshtive shrubs other than Bursaria
were somewhat different: these shrubs were moredani in sites burnt once or twice

a decade than in either low, or high, fire frequesites. Obligate seeder shrubs were
particularly influenced by fire cycles: the abuncamwf these species was lowest in sites
whose last interfire interval had been over 20 geaind highest where fire frequency
was moderate (Watson 2005).

As discussed in Section 2.1.2, the relatively I®wradance of obligate seeders in very
frequently burnt sites is easily explained: if ag®l fire occurs before these species
have grown sufficiently to set seed, then only unmgeated seed from before the first
fire will be available to keep them in the communiAlthough obligate seeder shrubs
on the Cumberland Plain mature rapidly, floweringliree or four years post-fire
(Watson 2005), they are still vulnerable to vergrsimtervals.

The low abundance of obligate seeder shrubs irfilevirequency sites probably owes
something to competition from Bursaria, which resys vigorously after a fire and
thus is in a good position to capture resourcelarpost-fire environment (Section 1.5).
Obligate seeder shrubs on the Cumberland Plainaisaydecline in long unburnt areas
because they are not particularly long-lived. Oaggeneration of fire-cued obligate
seeders dies, the population exists only as smiédtseed. Seeds will germinate after
the next fire, but may decay if the interval betwéees becomes too long. A moderate
fire frequency allows these shrubs to mature arild lip a soil-stored seedbank of
fresh, viable seed. In these circumstances feesents an opportunity to increase
population numbers through prolific germination.

The story of CPW shrubs illustrates how differenoesveen species imhenthey
establish in relation to fire affects their resppis fire cycles. Bursaria has an ‘edge’ in
long unburnt sites because it can establish betfean in Noble and Slatyer’s terms it
is a T species (Section 1.5). Most other CPW shrab the other hand, are | species:
their seeds have dormancy mechanisms which ernseyenostly germinate after fire;
many of them are legumes. Long-lived T speciesteexception in fire-prone
environments (Section 2.1.3), but can do very wethe absence of fire, as gradual
recruitment, even at low levels, can lead over tima considerable build-up of
numbers. The results for | species under longfiréentervals may, however, be less
felicitous. A series of long intervals, or fireadxsion, may tip the ecosystem away
from | species and towards T species. It is irstimg to note that a number of the
shrubs in Gellie’s description of Bega Valley Shifatass Forest (Gellie 2005) belong
to a species or genus which has demonstrated thatj@d to encroach in grassy
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vegetation and/or displace other native spe®@essaria spinosa- Watson 2005;
Dodonaea viscosa Hodgkinson 1979, Noble 199Kunzea ericoides Kirschbaum
and Williams 1991, Singer and Burgman 1998ptospermum Molnar et al. 1989,
Offor 1990, Bennett 1994elaleuca— Crowley and Garnett 1998). Both absence of
fire and creation of gaps through domestic gramray be implicated in these
situations.

3.2.3 Trees

The dominant tree species of Coastal Valley Gragsgdlands are epicormic
resprouters. Little is known about the role oéfim their recruitment, although Hill and
French (2004) found greater numbers of eucalypdisegs after a summer wildfire in
CPW than in unburnt areas.

In the multi-site study reported above, fire freguyedid not significantly affect either
adult tree density, adult tree basal area, or émsity of suppressed seedlings or
saplings (Watson 2005). Trends suggested thatdérgdire may have been associated
with an increased density of juveniles, but alsthwa decrease in the number of
saplings ‘getting away’ into the canopy. Summddiiie may also have limited

sapling numbers. In CPW, tree density in todagiamants, which averaged 279 trees
over 10 cm in diameter per hectare in Watson’systiscalmost certainly greater than
tree density prior to European settlement (Beng821Watson 2005). Tree
populations are probably in a regrowth phase &itgging, and density may be
decreasing as post-logging regrowth thins. Sugpothis contention comes from the
finding that there was a high degree of variablligfween remnants in tree density, but
a much smaller range in average basal area (Wag@®), so that remnants tended to
have either a large number of small trees, or dlsmaumber of large trees. If tree
density is decreasing as woodlands recover fromihag there is no need at this point
to encourage recruitment of additional trees. ast,fdeath of some trees after fire may
be part of the post-logging recovery process, amit free up resources that allow other
trees to grow larger.

Cameron (2006) reports interesting observatiori3oof Jackson Figrjcus

rubinginosg growing in Bega Dry Grass Forest. Three largeaging specimens
recovered after an intense wildfire near Bermaggaiitly by avoiding total leaf scorch
“through the blanket effect of the non-combustiioleage” (Cameron 2006:18) and
partly through vigorous resprouting. Cameron (209bsuggests that managers using
fire as part of their management strategy do netirie worry about “apparently fire-
sensitive figs.”

3.2.4 Ground layer

What little is known about the effects of fire arognd layer grasses and forbs strongly
suggests there is common ground between Coast@iy\@tassy Woodlands and
temperate grasslands. This is not too surprisiagnany herbaceous species are found
in both environments.

Woodland herbs, like their grassland counterpaften do not form persistent soll
seedbanks. In CPW Hill and French (2003) found a@® species represented in the
above-ground vegetation did not emerge from soilas. Odgers (1999), in grassy
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woodland in south-east Queensland, found mostagtiasses had transient seedbanks.
A second characteristic which grassy woodland hghlase with those in grasslands is a
restricted response to fire-related germinatiorscugeveral researchers have explored
this question in CPW (Wood 2001, Clarke and Frez@bb, Hill and French 2003); all
found that although some herbaceous species respaadeat and/or smoke, many did
not. Similar findings have been reported for treesgy woodlands of the New England
Tablelands (Clarket al.2000, Grant and Macgregor 2001). Dormancy in ng@agsy
woodland herbs is either non-existent or shortdif@larkeet al.2000). Finally,

ground layer species in CPW flower more profuselyrsafter fire than in later post-fire
years, as they do in Victoria’s temperate grassighdnt 1994). Watson (2005) found
that native forbs produced almost seven times riowneers and fruits in CPW burnt

four to six months prior to sampling, than in ngaaibeas which had not had a fire for at
least five years.

Studies showing a similar response to fireTbgmeda australifikangaroo Grass) in
grassy woodlands and grasslands have already kiedr($ection 3.1.3). Studies in
Coastal Valley Grassy Woodland, which again foau€®W, are in line with trends
elsewhere. S. Clarke (2003) found cover-abundaht@emedawas higher in
recently-burn than in unburnt sites. Watson (2G86hd Themedalominated high and
moderate fire frequency sites, but not sites whiegdrequency was low.

The most profound effects of fire on herb spec@amosition in Coastal Valley Grassy
Woodlands may, however, be the product not ofiated characteristics of
herbaceous specigsr se but of the influence of the larger lifeforms eds and shrubs
—on ground layer species. Watson (2005) ass¢isseaxffects of fire frequency and
microhabitat in six CPW sites. She found no evigeof a direct effect of fire
frequency on ground layer species richness orstics. However open patches,
patches around trees and patches under Bursaigal wgnificantly in species
composition. Ten of 14 species with a statistycaigynificant connection with a
particular microhabitat favoured open patchesuigiclg several native lilies. Given the
finding that Bursaria abundance increased masswkén fire frequency was low
(Section 3.2.2), Watson (2005) concluded thatffequency would likely affect
ground layer composition in CPW indirectly, withognd layer species with a
preference for open areas declining as Bursariaityeincreased. Miles (2005),
drawing on local observation, describes this dywamdry grassy forest remnants
around Bega.

It is sometimes suggested that fire may be lessitapt for maintaining the herb
complement in grassy woodlands than it is in geasts, because tree canopies reduce
the competitive advantage of dominant grassesyalipforb species richness to remain
high (Kennyet al.2004). Support for this contention comes from aesle in the grassy
Box woodlands of the Western Slopes, where Prebat. (2002a) found increased herb
species richness under trees. However Watson J2608d no significant difference
between CPW microhabitats in native herb spectméss; this variable was in fact
somewhat lower under trees. ‘Under tree’ microtaabidid differ from open patches,
however, in having a significantly greater amourieaf litter.

Findings from Watson’s microhabitat study suggkat the forbs growing under trees

in Coastal Valley Grassy Woodlands may not be #imesones at risk of being
outcompeted by tussock grasses in open patchd®r @isearchers have also found that
herb composition differs with canopy cover (Chitcettal. 1997, Gibbst al. 1999,
Costelloet al. 2000, Facelli and Temby 2002). It may be that filays a somewhat
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different role in mediating ground layer diversityopen woodland patches than it does
under trees. In open areas, grass/forb interactitay be similar to those in grasslands;
under trees, the mulching effects of litter maynimre of an issue for herb growth and
reproduction. Somewhat different suites of speciag be involved in each
environment.

3.2.5 Exotics

As Miles (2000) notes, woody weeds such as Afridarthorne can be a major
problem in Coastal Valley Grassy Woodland remnants.

In CPW, African Olive Qlea europaeaubspcuspidatd is a major invasive exotic
species. Recently, von Richtral. (2005) showed that fire has helped control Olive in
one CPW remnant, by killing young plants beforeythecame large enough to survive
a burn — which they found took around six to eiggdirs. These findings were
reinforced by Watson (2005), who encountered camnalily more woody exotics in

low fire frequency sites than in areas which hachbat least once a decade. Very
frequently burnt sites had virtually no woody egsti Olive, like Bursaria, can recruit
between fires, an attribute which probably charis®s other exotic woody weeds.
Often seeds of these species are brought in toaet®mative vegetation patches by
birds, and establish below trees.

The link between fireThemedand herbaceous weeds has already been discussed
(Section 3.1.3). In Coastal Valley Grassy Woodlandhe Cumberland Plain, Watson
(2005) found significantly fewer herbaceous weeetss in very frequently burnt areas
than where fire frequency had been low. Thereawsignificant negative association,
at a small scale, between the abundandéhemeda australiand the species richness
and abundance of exotic herbs: mbhemedaless weeds. Again these results echo
those from grasslands and grassy woodlands elsew8ection 3.1.3).

Regular burning may therefore not only help mamthe balance between | and T
shrubs, and between shrubs and herbs in Coastay\Matassy Woodlands, it may be a
potent tool in the fight against weeds.

3.2.6 Are grazing and fire interchangeable?

It is sometimes suggested that where grassy végeiatgrazed, fire is not needed to
conserve native plant diversity. This suggestiings from the observation that both
fire and grazing can remove built up grass biontlaaslimits space for the forbs and
small-statured grasses that grow between tussda@m@nant grass species
(Kirkpatrick and Gilfedder 1999, Johnson and MattB601, Lunt and Morgan 2002).

In this section | argue that despite the abovelaiity, periodic fire and stock grazing
are not equivalent disturbances in other regarus aae therefore likely to lead to
different biodiversity outcomes over time. Diffapes include:

» Fire removes vegetation in a non-selective manmeite grazing animals select
more palatable, and accessible, plant species.

» Fire cues or catalyses processes in the life @fcd®me plant species in a way
that grazing is unlikely to replicate.
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» Fire is a periodic disturbance which recurs ataesof years to decades, while
grazing is often continuous. Even ‘crash’ grazmtikely to involve defoliation
at least once or twice a year.

» Fire and grazing are probably associated with forefgally different nutrient
levels and nutrient cycling processes, which wilturn affect plant species
complements.

Selectivity in vegetation removal

Many studies attest to the fact that plant spemiedifferentially affected by grazing,
and by different levels of grazing (eg Landsbetrgl. 1990, Mclintyreet al. 1995, 2003,
Clarke 2003, Dorroughbt al.2004). Species which are preferentially grazedikety

to decline in abundance, while unpalatable span@sase. Some species which were
once abundant in regularly burnt grassy woodlad® almost disappeared with
grazing — the Murnong Daisyfcroseris scapigerpin Victoria is one example (Gott
1983), the Button WrinkleworRutidosis leptorrhynchoidgss another (Morgan 1995).
Once-dominant tussock grasses suchresnedaustralisandSorghum leiocladurare
very sensitive to stock grazing but are encourdmeiite (Section 3.1.3). In Tasmania,
shoot numbers of the endangered fStackhousia gunngenerally increased after
fires, but tended to decrease with grazing (Gilexdzhd Kirkpatrick 1998).

Interactions between plant lifecycles and disturbace

In fire-prone ecosystems, aspects of the life hissoof many plant species are cued to,
or catalysed by, fire. Examples include incregsest-fire flowering, a trait found in
shrubs such dsomatia silaifolia(Denham and Whelan 2000) and in many herbaceous
species (Lunt 1994, Watson 2005); post-fire selhse, an attribute found in some
eucalypts (Gill 1997) and shrubs (Bradstock andddi@Il 1988, Enright and Lamont
1989, Lamont and Connell 1996); and heat- and sroake germination, a
characteristic of many shrubs (Auld and O’'ConnéB1, Rocheet al. 1998, Thomast

al. 2003) and also of some grasses and herbs (&edd2000, Hill and French 2003).
While many grasses and herbs are not dependeirearelfated cues (even though some
may respond to them when present), and thus prazkexgs which should germinate
readily in gaps produced by grazing animals, otheayg not do so.

Fires also assist seedling establishment througih éffects on competition, and on
nutrient and water availability. While grazing malgo reduce competition from
dominant grasses, it may not provide the same ledtatent opportunities as fire.

Williams et al. (2005) used cutting — which simulates grazing explore the
differential effects of burning and defoliation fhdut fire on seedling emergence in a
savanna woodland near Townsville. Both cutting lamching produced much higher
levels of seedling emergence when rain arrived ttanirred in undisturbed savanna,
where virtually no seedlings were found. The nundieseedlings emerging was
significantly greater after burning than after mgt a difference which was also found
for some individual species. Seedling survivarahe next couple of years was
significantly higher in burnt than cut plots, irctavirtually none of the seedlings which
germinated in the cut plots survived (Williamisal. in preparation). From this and
previous work, Williamset al. (2005:493) concluded that in these woodlands ‘iplelt
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fire-related cues promote germination... including@sure to heat shock, smoke,
enhanced nitrate levels” as well as removal of aetitipn from the herbaceous layer.

Frequency of disturbance

Much of the literature on fire and biodiversitycisncerned with the effects of fire
frequency. Where fires are too frequent, manyisgeparticularly shrubs, will be
reduced in abundance and may even become locadihcerue to their inability to
reach life history milestones or to survive mukiglpisodes of defoliation (Section
2.1.2). Where these shrub species are palatableng at short intervals is likely to
have similar effects. Even crash grazing wouldstitute a very high frequency
disturbance regime relative to the lifecycle of maative shrubs. A regime of fires
tailored to plant species vital attributes allowset for shrubs to recover between
disturbance episodes and reach maturity.

Some herbaceous species may also be unable toetentipeir lifecycles when grazed.
Dorrough and Ash (2004) found that sheep selegtiraghoved flowers and seedheads
of the daisyLeptorhynchos elongatuis grasslands on the Monaro. Seedling
recruitment was lower, and mortality of adult pantas higher, in grazed areas. While
continuous grazing may be more problematic forvegplant species than seasonal or
crash grazing, even occasional grazing may notigeea@nough time for some
herbaceous species to grow up and reproduce. Bonpg the orchidiuris punctata
flowers in the second, but not the first year aftefoliation (Lunt 1994).

Nutrient cycling

Burning and grazing may be associated with diffeesnin nutrient cycling. While
frequent burning is associated with low levels\dikable nitrogen and deep-rooteg C
tussock grasses which use nitrogen efficientlyrf@gt al. 1994, Fynret al. 2003),
heavy grazing can increase nitrogen availabilitso(Bfield and Simpson 1974) and
often disadvantages nativg thssock grasses (Section 3.1.3).

Johnson and Matchett (2001) investigated the effefctire and grazing in prairie
grasslands in North America. Grazing decreasedtrof grass roots, while frequent
burning encouraged it. Nitrogen concentratioroiots was higher in grazed areas than
in ungrazed and burnt exclosures, and the C:N ved®lower. These researchers
concluded that the two disturbance processes veseemted with fundamental
differences in nitrogen cycling, and that this Wwihsly to be reflected in the species
complements supported under each disturbance redghmevious work in the same
ecosystem concluded that frequent fire encourageagtaSses which were efficient
users of N, while lack of fire allowed N to builg,uipping the balance towards C
species. Probeat al. (2002b) report similar dynamics in grassy Box wilaads on the
Western Slopes. Woodlands which had not been dedray heavy grazing were
dominated by native tussock grasses, particuleigmeda australiandPoa sieberiana
(under trees). These sites had much lower nikeatds than more degraded sites,
which were dominated either by the @ ass tax&ustrodanthoniandAustrostipaor,

in less naturally fertile areas, ByistidaandBothriochlog C, taxa which do not form
large tussocks. The most degraded sites had ghedtilevels of nitrate and were
dominated by annual exotic weeds.
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Other studies have also found that herbaceousosxetnd to increase with grazing
pressure (Mcintyret al.2003), but may decline with fire, particularly ifd helps
maintain a healthy sward ®hemeddLunt and Morgan 1999b, Probetral. 2004).

That these differences between grazing and burangead to different biodiversity
outcomes is well illustrated in a study from Gigwsl in Victoria. Lunt (1997a)
compared frequently burnt but ungrazed grassy ratsneith high-quality grassy forest
remnants which had rarely been burnt but which wasrmittently grazed. Although
originating from the same species pool many yeagipusly, areas subject to the two
different management regimes differed considerabgpecies composition. While
native species richness was higher in the unbwadiats, burnt quadrats had double
the number of native geophytes, a category whicludes native lilies and orchids.
Numerous species were significantly more abundadéuone regime or the other.
Notably, Themeda australiwas found in all frequently burnt sites, but was reezorded
from the unburnt and grazed sites. On the othed tiae G grasse®anthonia
geniculata, D. racemosa, Microlaena stipoides, BidberianaandStipa rudiswere all
significantly more abundant in the grazed but unbtemnants.

In terms of fauna habitat, the biomass removal g@migs of grazing probably assist in
providing suitable habitat for some fauna specieEwalso favour environments
generated by periodic burning (Redpath 2005, Watray. 2006). However the
differential effects of fire and grazing on soméitet features, such as @ssock
grasses, mean that the two disturbances are untixéle interchangeable for all native
fauna.

3.2.7 Conclusion

Fire plays an important role in conserving planvedsity in Coastal Valley Grassy
Woodlands — a role which grazing is unlikely toliegte. Fire provides opportunities
for heat and smoke-cued shrubs and grasses tatyédimits the abundance of gap-
recruiting native shrubs which may encroach tophi&t where woodlands are no
longer grassy, it ensures the open patches favdoyretany herbaceous species remain
available, it helps keep Kangaroo Grass swardshal can play a role in limiting
woody and herbaceous weeds.

How often should fire occur in this vegetation typ€oastal Valley Grassy Woodlands
are at the ‘high end’ of the woodland spectrunemmis of productivity; it is therefore
likely that plants will grow relatively rapidly artiat competition dynamics will not
take long to cut in. Watson (2005) predicts thatable interfire intervals between 4
and 12 years will maintailhemedavoodland with Bursaria thickets, open areas, and
obligate seeder shrubs on the Cumberland Plaie.s8bgests that a simple monitoring
program focused on flowering of obligate seedeulsfyThemedaealth and Bursaria
expansion, could help managers tailor thresholgsttcular site and climatic
conditions. These recommendations are congruehttimse of South Coast ecologist
Jackie Miles (2005), who suggests burning Begaadglo Dry Grass Forest remnants
every few years, using an adaptive management agipreo create gaps for sun-loving
herbs and keep dense shrub regrowth within bouasieron (2006) also suggests a
regime of cool, frequent fires to limit dense shgunbwth in Bega Dry Grass Forest.

Watson’s lower threshold of 4 years was based atysis of the vital attributes of
CPW shrubs, using the Noble and Slatyer (1980) émonk also used by Kenret al.
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(2004), and is one year below the grassy woodlatatewide threshold of 5 years.
This difference is small, and unlikely to be ofa&frsignificance. A minimum interval
of five years may be more appropriate than foury@asouth coast grassy woodlands,
as temperatures may be cooler than on the Cumiefliam.

Watson’s upper threshold of twelve years refleetsfimdings on the vulnerability of
Themedado infrequent burning, the much reduced abundahoblmate seeder shrubs
where fire frequency has been low, and the readiwith which Bursaria and exotics
appear to expand in the absence of fire. ThisHuie is much lower than the statewide
upper threshold for grassy woodlands, which is déry (Kennet al. 2004). As

already discussed in Section 1.4, Keehyl. (2004) acknowledge the uncertainty
surrounding their upper thresholds. These autbhygpassed grassy woodland species in
their ‘most sensitive’ category with estimateddij@ns of 10, 20, 30 and 35 years,
because these estimates were considered dubitwsneEd to consider interactions
betweerspecies, as well as characteristics of individpakges, has also been noted
(Section 1.5). Certainly fire-mediated interaci@re important in CPW, and are likely
to be so throughout the Coastal Valley Grassy Waratlspectrum. Taking account
once again of the cooler southern climate, an ugipesholds of 15 years is suggested
for Coastal Valley Grassy Woodlands in the Soutli&kers region.

Although a moderate fire frequency should maintabralance between different
vegetation components in Coastal Valley Grassy Wit which presently contain
both open grassy areas and a range of shrubs, Wheie not the case, fire return
intervals below 4 or 5 years, or above 15 yearghirsometimes be appropriate.
Intervals below five years may help to restore opessy patches in areas where exotic
or native shrubs have become so thick that groayerIspecies are struggling to
survive. This proposition has not been tested cauéious adaptive management
approach is suggested. Short intervals may alsppeopriate in areas where the aim is
to maintain a very open grassy environment, pert@apsovide habitat for particular
animal or plant species. On the other hand, it beaglesirable to maintain limited
patches of thick shrubs in some woodland areas) &gaause they provide fauna
habitat not available elsewhere. In these patsbe intervals above 15 years may
help keep thicket thick.
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4 Firein dry sclerophyll forests

Dry sclerophyll forests are icons in the Australiandscape. Growing on infertile and
often rocky soils, these forests support many spleyllous (hard-leaved) shrubs which
flower spectacularly under a canopy of hard-leavees, almost all of which are
eucalypts. Dry sclerophyll forests vary considgrdimth in composition of canopy
species and in structure and make up of the uradeyst Where grasses are a
conspicuous element of some classes in this foomgaita others shrubs rule and ground
cover is sparse and more likely to consist of Haaded sedges than of graspes se

The shrub/grass dry sclerophyll forests represeraresition between grassy woodlands
and shrubby dry sclerophyll forests; soils and cositpon of the tree layer also form a
continuum (Keith 2004).

“Bushfires play a vital role in the dynamic ecolagfythe dry sclerophyll forests ...
provid[ing] a critically important cue for regenéam by periodically stimulating the
release of seeds, liberating resources such asmgtand light, and by creating the
open space essential for slow-growing sclerophglieeedlings to survive” (Keith
2004:120). Research into the role of fire in the stlerophyll forests of the Southern
Rivers region — outside of those in the Sydneyaregvhich have already been
mentioned in Section 2.1 — has not been extens$aame work has been carried out,
however, in the two vegetation classes selectedisoussion in this section: Southern
Tableland Dry Sclerophyll Forests (Section 4.1) 8odth-East Dry Sclerophyll Forests
(Section 4.2). Keith (2004) places both theseselasn the shrubby subformation of dry
sclerophyll forests.

4.1 Southern Tableland Dry Sclerophyll Forests

4.1.1 Introduction

Southern Tableland Dry Sclerophyll Forests occuth@enSouthern and Central
Tablelands between 600 and 1100 m above sea ievelyged, rocky terrain on
shallow, infertile soils. This is not productiveuntry: trees reach only 15-20 m in
height, sclerophyllous shrubs form an open, spgwies understorey, the open ground
cover of tussock grasses contdiasnandraspecies and some forbs but not the wide
range of herbs found in adjoining grassy woodlaomisnore fertile soils. Trees are
mostly stringybarks, peppermints and scribbly guiscalptus macrorhynch@red
Stringybark) andk. rossii(Scribbly Gum) occur throughout the range of tlégetation
class, while other eucalypt species are distribatmbrding to soil type, rainfall and
altitude. E. dives for example, co-occurs in elevated, wetter are&dwubs are mostly
peas, wattles and epacrids; common species in€lag@sia mimosoide®aviesia
latifolia, Acacia falciformis Hibbertia obtusifoliaandMelichrus urceolatus Joycea
pallida (Silvertop Wallaby Grass) is commonly found in tveund layer.

Although this vegetation class is found as farmat Mudgee, its distribution in the
Southern Rivers CMA region is mostly confined te Houth-west, where extensive
areas are found in the foothills of the Kosciuskamrange and in the gorges around
Byadbo. To the north it occurs on hills near BashuGoulburn and Yass, and also on
Black Mountain near Canberra. Though poor sossaliraged clearing these forests
were often selectively logged, and grazed (Moor&31¥eith 2004). Current
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distribution includes substantial areas in reseagewell as patches on private property
(Keith 2004).

About ten of the vegetation groups identified bylli@€2005) could be categorised as
Southern Tableland Dry Sclerophyll Forest. Mostyaver, are distributed outside the
Southern Rivers CMA region. Those most likely éofbund within its boundaries
include:

» Group 115 — South East Tablelands Dry Shrub/Tus&veks Forest. This open
forest up to 18 m in height is dominatedEycalptus rossjitogether witte.
manniferaand occasiondt. macrorhynchar E. dives Common shrub species
includeHibbertia obtusifolia Melichrus urceolatusPultenaea procumberand
Brachyloma daphnoidesGround cover is dominated by thigkycea pallida
andPoa sieberianand is not species rich. This vegetation typeeamvered
74,200 ha of which 81% remains uncleared; of 8186 occurs outside
conservation reserves.

* Group 119 — Western Tablelands Dry Shrub/GrasssEaeominated bfz.
macrorhynchawith E. polyanthemosr E. nortoniias subdominants. The few
shrub species includicacia dealbataHibbertia obtusifoliaandBrachyloma
daphnoides A sparse ground cover includes a range of gsagseticularly
Danthonia pilosaandElymus scaberand a variety of forbs. Eighty-one
percent of the estimated pre-European extent sfvij type has been cleared,
and less than one percent of what remains is rederv

* Group 121 — Western Slopes Grass/Herb Dry FoiesimacrorhynchandE.
nortonii dominate this vegetation type, which ranges fr&nal22 m in height.
The sparse shrub layer includdbbertia obtusifolia Brachyloma daphnoides
andMelichrus urceolatus Joycea pallideandPoa sieberianawhich are the
most common tussock grasses, are intersperse@wdhety of smaller grasses,
graminoids and forbs. Sixty-two percent of theB80, ha once covered by this
vegetation group remains uncleared; 70% of whatresis outside
conservation reserves.

4.1.2 Fire on Black Mountain

Thirty years ago, Rosemary Purdie conducted somaisiralia’s first fire ecology
studies in the shrubby forests on the slopes ob&aa’s Black Mountain (Purdie and
Slatyer 1976, Purdie 1977a,b). This careful warkndnstrated the varied responses of
plant species to fire, and is still highly relevéoday.

Although not in the Southern Rivers region, theetatjon on Black Mountain
definitely falls into the Southern Tableland Dryl&ophyll Forest categoryEucalptus
macrorhynchaE. rossiiandE. manniferaare the dominant tree species. Common
shrubs includ®aviesia mimosoide#cacia genistifoliaDillwynia retortaand
Brachyloma daphnoidesHerbaceous species include grasegsea pallidathen
Danthonia pallidg andPoaspecies, with occasional forbs, particularly odshi
appearing in winter and spring. Elevation is dl&%0 m above sea level, annual
rainfall averages 626 mm (Purdie and Slatyer 1976).

Experimental fires were carried out in three sitgsich had previously been burnt 9, 11
and 33+ years ago respectively. Purdie and Sl§h@py6:225) note that prior to the
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experimental fire in the long unburnt site, “marfyttee larger shrubs were senescent or
in varying stages of decay,” whereas shrub demsitiie other two sites was
considerable. At each site 60 small quadrats wetraps 30 in an area which was then
burnt (in summer), and 30 in an area which wasuefturnt. Post-fire regeneration was
monitored over several years (Purdie and Slaty@6)L9 Species were classified as
‘obligate seed regenerators’ (obligate seederb)igate root resprouters’ (resprouters
which didn’t produce seedlings), or ‘facultativeta@esprouters’ (resprouters which did
produce seedlings).

Here are some of the findings:

Almost all shrubs resprouted; the only shrubs whvehe clearly obligate
seeders werAcacia genistifoliaDillwynia retortaandPimelea linifolia

Pimelea linifoliagerminated in the long-unburnt site after firuph it was not
recorded there prior to the burn. All three spediewered within three years of
fire (Purdie and Slatyer 1976).

Most resprouting shrubs also produced seedlingsneSsuch aPaviesia
mimosoidesAcacia buxifoliaandindigofera australisvere able to increase
population numbers by root suckering — which wasgated by fire.

Flowering on resprouts occurred within two yearfiref. Seedlings were slower
to reach maturity, with many not flowering by thedeof the three year
monitoring period (Purdie and Slatyer 1976).

Shrub and herb seedlings arose from seeds stothd 8voil (Purdie 1977b).

All tree species resprouted and also produced isgsdlPurdie and Slatyer
1976). Tree seedlings developed in both burntuarimirnt plots plots (Purdie
1977b).

All the resprouters which didn’t produce seedlimgse geophytic monocots, a
category which included many orchids. All orchilisvered in the first year
after fire. Several herbaceous species in thegoay — three Lomandras and
Dianella revoluta— were able to increase through vegetative redr¢Rardie
and Slatyer 1976).

Almost all species showed much higher seed gerioma&t burnt compared
with unburnt areas (Purdie 1977a, Purdie and S1d19@6), and survival rates
were also generally higher in burnt vegetation diRrui977b).

A few species, including the dominant grdsgcea pallideand the exotic herb
Hypochoeris radicataproduced more seedlings in unburnt than in bareas
(Purdie and Slatyer 1976).

Obligate seeders had more seedlings and highelirsgedrvival rates than
resprouters (Purdie and Slatyer 1976).

Many resprouters which weren't able to sucker flevderapidly after fire on
regrowth, and this produced some seedlings in 2dRurdie 1977b, Purdie and
Slatyer 1976).

Resprouter recovery stabilised at a lower levéhepreviously long-unburnt
site (60% of pre-fire numbers — which we have alyeaoted were relatively

low), than in the two more recently burnt sites-@&B% of pre-fire numbers)

(Purdie 1977a).
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* In the unburnt plots, many species declined witteti Obligate seeder
population numbers declined 16-22% in these ptothe first year of
monitoring, and an additional 5-10% in the secdPurdie 1977a).

» “With the exception of rare species, all the tdeub and herb species
represented in the quadrats prior to burning ... weesent in the regenerating
communities in the first year after burning” (P@aind Slatyer 1976:233).

Purdie and Slatyer (1976) conclude that chang#eristics as time-since-fire go by are
merely changes in dominance due to differencepegies growth rates and longevity,
and, sometimes, reflect a move from visibility abaround to presence only in the
under-ground seedbank. ‘Relay floristics’, whedditional species join the community
as the period without disturbance lengthens, doeappear to characterise Southern
Tableland Dry Sclerophyll Forest. This conclusismonsistent with what one might
expect from a vegetation type that is, in Bet@l. (2003, 2005) terms, primarily
climate limited, with some degree of modificationfive (Section 1.5).

Purdie’s findings above tell us something aboutetfects of fire on plants in general,
and also about species responses in Southern aiathlBlry Sclerophyll Forests in
particular. Higher germination and seedling swualnates in burnt than in unburnt
patches is a common finding in fire-prone vegetatas is the tendency for obligate
seeders to outdo resprouters in numbers of passéiedlings (Section 1.2). The small
obligate seeder shrub complement and the rapidfpedtowering, while by no means
unique to this ecosystem, distinguishes it fromeatiers such as the Sydney Coastal
Heaths discussed in Section 2.1.

4.1.3 Post-fire grazing

Another classic study, by CSIRO researchers LenghHolgate, was published in

1979. This study assessed the effects of posgfaeing by mammals on seedlings and
resprouts in three dry sclerophyll forest and waadlenvironments on the Southern
Tablelands. One site, at Mundoonen Nature Reserae Yass, was classic Southern
Tablelands Dry Sclerophyll Forest. Dominant treese Eucalyptus rossjiE.
macrorhynchaandE. bridgesiana Shrubs include®aviesia virgataDillwynia

retorta, Gompholobium huegeléndMelichrus urceolatus Poa sieberianalominated

the ground layer. The main grazing animals atshieswere grey kangaroos, with a few
swamp wallabies and rabbits (Leigh and Holgate 1979

Some of the plots at each site were open to granihide the rest were fenced to
prevent access. Plots were not large. Half cdeéhin each treatment were burnt while
others remained unburnt. In the Mundoonen siteeffexts of grazing were monitored
for three years before a single low intensity firearly autumn was added to the
experimental design.

Grazing alone reduced shrub density at Mundoonet®Bfy over four years, while on
ungrazed plots shrub density increased by 8% duectaitment by the native pea
Indigofera australis Grazing effects were not uniform across shridcigs. Fire
increased grazing-related mortality in some spechegoss the three sites, grazing after
fire produced a range of effects on different spedbut generally increased the
mortality of both shrub seedlings and resprougsating a more open, grassy
environment. Leigh and Holgate (1979) conclude the interaction between fire and
grazing may be of considerable importance and desdurther study.
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To what extent post-fire grazing effects were eraatd by the small size of the fires
in this study is not clear. A number of other sschave shown that grazers, both
native and domestic, often concentrate on recdnityt areas (Robertson 1985,
Andrew 1986, Southwell and Jarman 1987). Wheratlareas are extensive, animals
may spread out, reducing grazing pressure at aayoimt (Archibald and Bond 2004).
Conversely, where burnt areas are small, grazingbmagarticularly heavy. It may
therefore be a good idea to burnt relatively lgygeehes at a time (Trollope and
Trollope 2004).

The need to consider the effects of post-fire gighy native animals may be growing
in the Southern Tablelands as numbers of macropodsvombats build up (pers.
comm. various land managers in the SR region, 2005)

4.1.4 Conclusion

Although fire ecology research in Southern TablétabDry Sclerophyll Forests has not
been extensive and is now some decades old, itd@®indications as to the probable
effects of different fire frequencies. Keneyal.(2004) recommend intervals between
7 and 30 years for dry sclerophyll shrub fore$isom the little we know and can
surmise, this recommendation is likely to be appate for Southern Tableland Dry
Sclerophyll Forests.

Thinking first about lower thresholds, the risksvefy short interfire intervals described
for other vegetation types (Sections 1.4, 2.1.2mirse also exist in Southern
Tableland Dry Sclerophyll Forests. However thecggmecharacteristics observed by
Purdie and Slatyer (1976) suggest that moderatetyuént fire is unlikely to be
problematic. All known obligate seeder specie8tatk Mountain flowered within
three years of fire, and all resprouting speciesdred, on resprouts, within two years.
A seven year minimum is well above these juvendgqals. Seven year intervals, and
even occasional intervals down to 4 or 5 yearghare unlikely to cause species to be
lost from this community.

Upper thresholds need to ensure that | speciesdartunities to recruit before adult
plants and seedbanks decline, and that compeititieeactions that occur in the absence
of fire are managed (Sections 1.4 and 1.5).

From the little we know, competitive exclusion does appear to be a major issue in
Southern Tablelands Dry Sclerophyll Forests. Metling recruitment in unburnt plots
on Black Mountain, and particularly in the plot whihad not had a fire for over 30
years, was not high (Purdie 1977b), and specieshaigicruited preferentially in
unburnt areas were often herbaceous (Purdie atgeSIEO76). It appears that the
shrub complement in this vegetation type does aotain any, or many, of the T
species shrubs that increase when vegetation imerawetter areas is left unburnt for
a long time (eg Section 3.2.2). Nor, it seemsnaaay shrubs sufficiently large and
long-lived to dominate to the detriment of smadipecies after many years without fire,
as occurs in coastal heaths (Section 2). Ratharbs in Southern Tableland Dry
Sclerophyll Forest are generally fire-cued and e@se in abundance as time-since-fire
progresses. This vegetation type is thus likelptd more ‘open’ when long unburnt
than when a burn has occurred within the last @opbdecades. The gradsycea
pallida may recruit between fires (Purdie 1977b), and nhay assist the development
of a grassy understorey in the absence of fire e#r competitive interactions
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between dominant grasses and smaller herbaceaotisspech as orchids exist in long
unburnt areas Southern Tableland Dry Sclerophyié$ias not known. It is also
possible that some exotics or native species fritrara@nvironments may be able to
establish and multiply between fires, and so cpuésent a threat to native plant
diversity. Kunzea ericoidesvhose ability to encroach has been documentéukin
ACT and Victoria, may be a candidate (Kirschbaum ®filliams 1991, Singer and
Burgman 1999). This possibility should be monitbre

The greater risk, at this end of the fire frequesggctrum, is that | species native to the
Southern Tablelands Dry Sclerophyll Forest mayidealnder very long intervals. The
recommended upper threshold of 30 years is seyesaat below the maximum interfire
interval involved in Purdie’s study (33 years).r@#s in this long unburnt site were
senescent prior to the experimental fire, and fitait density, at 8.0 plantsinwas
considerably lower than in the more recently baitgs, which averaged 30.4 and 19.2
plants/nf respectively (Purdie and Slatyer 1976). The diffiee in density was
particularly marked for small shrubs and herbsthédigh lack of replication of the
times-since-fire in this study means these obsemsishould be treated with caution,
they are congruent with other findings and obs@mmat Recent inspection of one of
Purdie’s sites, now unburnt for 34 years, foundisimwere sparse, though cover of
Joycea pallidavas considerable (pers. obs. 2005; pers. commgavietrr Kitchin,
Environment ACT, 2005). Monitoring in unburnt @atver the years of Purdie’s study
showed declines in plant numbers (Purdie 1977a) past-fire resprouting was less
prolific on the previously long unburnt site thansites with shorter interfire intervals
(Purdie 1977a). If numbers of adult plants of mapgcies decline with time-since-fire,
after several decades regeneration will increagidgpend on the longevity of
seedbanks — an unknown quantity. Seedling regtoetia Purdie’s site with the long
interfire interval was of the same order as thah@émore recently burnt sites (Purdie
1997b), suggesting seedbanks at 30-35 years pesiré still adequate. However this
may not be the case four or five decades post-tBezing before fire may exacerbate
the problem by reducing seed input by adult plamtsle post-fire grazing may
eliminate seedlings and stress resprouting plaatsicularly if burns are small (Section
4.1.3). In very long unburnt sites with few shritb®ay be necessary to supplement
seedbanks with seed from nearby more frequentlyttareas if the aim is to restore the
pre-existing species complement.

An additional issue for fire frequency concerns Homg the seedlings of the many
resprouting species take to become fire-tolera do know that they grow slowly
relative to their obligate seeder counterparts,Rundlie (1977a) suggests that, from her
observations, even after a 9 to 11 year interfiterval young plants may be vulnerable.
Intervals above 15 years within a variable regimhm@rvals between seven and 30
years should allow opportunities for these seedliogully develop.
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4.2 South East Dry Sclerophyll Forests

4.2.1 Introduction

This vegetation class dominates a large area dhsmastern NSW on shallow, infertile
soils from sea level to 1300 niucalyptus agglomerat@lue-leaved Stringybark].
globoidea(White Stringybark) ané&. sieberi(Silvertop Ash) occur across the
altitudinal range.Corymbia gummifergdRed Bloodwood) an#&. consideriana
(Yertchuk) are common near the coast, whilaives(Broad-leaved Peppermint) and
E. smithii(Ironbark Peppermint) are found at higher altimidéllocasuarina littoralis
often forms a subcanopy. The understorey consisislerophyll shrubs including
Acacia obtusifoliaAcacia terminalisMonotoca scopariandPersoonia lineariswith

a sparse cover of sedges and grasses, particltatea pallidaSilvertop Wallaby
Grass). Relative to similar forests around Sydsegcies richness in South East Dry
Sclerophyll Forests is not high (Keith 2004).

Gellie (2005) lists many vegetation groups in saveegetation classes which may fall
into Keith’s South East Dry Sclerophyll Forest sla®©One of the most obviously
relevant is Gellie’s vegetation group 1. This graccurs between 300 and 800 m on
exposed slopes and ridges. It is dominate#.bsieberiandE. agglomeratand
sometimes has a small tree layeAdbcasuarina littoralis Common shrubs include
Persoonia linearimndAcacia obtusifolia Within the area covered by Gellie (2005)
this vegetation group spans an estimated 48,708 bacleared, and two-thirds of it is
reserved. Gellie (2005) notes that a similar vetgent type, map unit 47, occurs in the
Eden CRA Region.

Fire-related research in South East Dry Sclerogfytests has focussed on vertebrate
fauna, on species responses to wildfire and ongdsawith time-since-fire. Effects of
fire cycles on plants are being studied in fores@r Eden, where replicated trials of
low-intensity patchy fuel reduction burning haveebeinderway since 1984. Results
of this work are currently being collated, but ace yet publicly available (Trent
Penman, Forests NSW, pers. comm. 2006). Faungstooime from Nadgee Nature
Reserve, which contains large expanses of forestdiition to the heathland discussed
in Section 2.2 (eg Newsonat al. 1975, Recheet al. 1975, Catlinget al.2001). They
also come fronk. sieberidominated State Forest around Bega where in ttig E280s
Dan Lunney and his colleagues surveyed a wide rahfina specie’. Though the
primary aim of this work was to understand the @Hef logging, a wildfire within the
sampling period provided the opportunity for obsgiians of the effects of fire (eg
Lunney and O’Connell 1988, Lunney and Leary 1988)rk on birds has been carried
out just over the border in Victoria by Loyn (1997)

4.2.2 Vegetation change with time-since-fire

Although available studies have not focussed ortamn, there are indications that
shrub dynamics in South East Dry Sclerophyll Faresay have common ground with
those in the Southern Tablelands Dry SclerophyeBbts discussed in Section 4.1. Fire,
particularly intense fire, stimulates shrub gerrtiorg so that the open environment

® Parts of Mumbulla State Forest where Lunney’s research was centred have now been
incorporated into Biamanga National Park (Penn et al. 2003).
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created by incineration of the understorey is regaleover the next few years with thick
regeneration of sclerophyll shrubs. With increggime-since-fire it appears that many
shrub species mature and then start to die offjiogehe landscape up once again.
This process takes at least two decades.

Catlinget al. (2001) assessed various components of habitat esatplincluding

shrub cover, at Nadgee Nature Reserve over 18 gétarshe 1980 fire. The initial
measurement one month after the fire reflectedpgm @nvironment with less than 30%
shrub cover in most survey sites. By six years-fi;s shrubs had thickened, a finding
confirmed by Rechegt al. (1975) who report that by three years after wikgfir

Nadgee forests, wattle regrowth had already rea8hedh and was so thick it was
difficult to walk through. Catlingt al.(2001) didn’t measure the vegetation between
1980 and 1986, but then did so every two year9881 Shrub cover scores increased
steadily between six and 12 years post-fire, teemained steady over the subsequent
six years. On the other hand peak values for gt@awver were reached by six years
post-fire then declined in many sites, a resuitlatted to the decrease in light reaching
lower vegetation strata as shrubs and trees theckep.

Although there were few signs of a decrease intshaver by 18 years post-fire in the
data gathered by Catlireg al. (2001), Loyn (1997) noted that prior to fire in fisest
sites shrubs were few. Dense shrub regrowth dpedlcdhowever, after the fire. In
more recent years scientists from the DepartmeBnefronment and Conservation
have noted the understorey ‘thinning out’ at Nadgédeere time-since-fire is now
mostly either 26 or 34 years (Ross Bradstock, menrsim. 2006). Finally, unpublished
data from the Eden Forestry trials shows a gradeeine in plant species richness over
the course of the study acradktreatments, ie those burnt at low intensity at @ 4n
year intervals, and those left unburnt since the sff the study in the mid 1980s. The
entire study area was burnt in an extensive, ieténs in 1983, and it seems likely that
the decline in species richness reflects a timeeswldfire effect (Trent Penman pers.
comm. 2006).

Some shrub species in South East Dry Sclerophyéidtanay be able to regenerate
between fires, and may have the potential to expasdme areas to the detriment of
smaller plants. One obvious possibilityAikocasuarina litoralis as this species is
known to form dense thickets in the absence ofifilsome environments (Withers and
Ashton 1977, Smith and Smith 1990, Lunt 1998a(servation suggests it tends to
occur in groves which may be less flammable tharstirrounding forest, enabling tall
adults to avoid 100% leaf scorch in a fire, andsthurvive. A matrix of Casuarina
thickets and more open patches of sclerophyll shridy be desirable from a
conservation point of view.

4.2.3 Small mammals

The abundance and distribution of small mammaieletion to fire has been studied at
Nadgee Nature Reserve (Recheal. 1975, Catling and Newsome 1981) and in forest
north-east of Bega (Lunneyt al. 1987, Lunney and Leary 1989, Pegtral.2003).

Small mammals generally appear to be most aburstane years after fire, with post-
fire population recovery occurring more rapidly whéhe understorey is either not
greatly affected, or where it can recover quickiyt.least one exception to this rule may
exist, however.
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At Nadgee, forest plots along the river supporntea Antechinus and two native rat
species prior to the extensive 1972 wildfire. Ha first year after the fire the Swamp
RatRattus lutreolusind the Dusky Antechinué\(swanson)idisappeared completely
from this area, while Bush RatRdttus fuscipgsand Brown Antechinus/( stuartij

were found only in small numbers. All four specieswever, occurred in nearby
unburnt areas and produced young in the first g&ar the fire (Rechest al. 1975).

The rats recovered faster than the Antechinus:rdouwpto Recheet al.(1975) by two
years post-fire Bush Rats were found everywheferist where they had been found
prior to the fire, while Swamp Rats were also compeven where they had not been
found pre-fire. Catling and Newsome (1981) alsteribat the rodents recovered
quickly, and add that this occurred most rapidiyniaist habitats. Their data show that
native rat numbers generally peaked after five gjemnd then declined somewhat.
Antechinus stuartirecovered to post-fire levels by the fifth posefyear, withA.
swainsoniitaking a year or two longer. Rectetral. (1975) point out that this
difference reflects the ecology of the two animals.stuartiiis noctural, partly
arboreal, eats insects on the ground but also bstand trees, and thus is less at risk
of predation and less dependent on cover fhawansonjiwhich is active by day,
forages on the ground, and likes logs, dense shamuoklots of litter. The differential
impact of severe fire on the two Antechinus spewias also reflected in their condition
on the Nadgee River plots in the first post-firaryeA. swansoniiveighed up to 50%
less than in the years before fire, wher&astuartii which could find insects on
eucalypt shoots, didn’t lose weight at all.

Recheret al.(1975) also note that in the very early post-fiegipd, Pygmy Possums
came down out of trees and foraged on the grouhdrewthey got trapped by the
researchers. “As the vegetation has regrown, §ihéxies] has been caught less
frequently, an indication that it is spending acr@asing proportion of its time in the
trees” (Recheet al. 1975:161).

In Mumbulla State Forest north-east of Bega studé& included pre- and post-fire
surveys after a wildfire in 1980 (Lunney al. 1987), and after the next fire in the area,
which was a low-intensity fuel reduction burn ir9®(Penret al.2003). As at Nadgee
the Dusky AntechinuAntechinus swansonivas more affected by fire than other small
mammal specie®\. swansoniivas not caught at all over the three years folhopthe
wildfire (Lunneyet al. 1987), and was scarce after the planned burn (Pealn2003).
The second Antechinus species in this environmferdgilis (calledA. stuartiiat the

time of the earlier study), declined after each,fparticularly where the burn was more
intense, but did not disappear. After the plariredn 2000 this species maintained
population numbers on less severely burnt southstages but not on north-west
slopes where burn was more intense (Retral. 2003). Bush RatRattus fuscipgsat
Mumbulla recovered slowly after wildfire, reachiB§% of pre-fire numbers by 2.5
years post-fire; Lunnegt al.(1987) attribute this slow recovery to the sustdine
drought which followed the fire. The later planr®mdn, however, had little effect ¢t
fuscipesnumbers were slightly greater 10 months afterfaleéreduction burn,
particularly on the less-affected south-east slopwéde by 20 months post-fire the
population was similar to what it had been priotite fire (Penret al. 2003).

Unlike the rodent and Antechinus species discuseddr, all of which are associated
with cover to a greater or lesser extent, the aacevulnerable White-footed Dunnart in
Mumbulla Forest strongly favours open habitat salogged, burnt ridges, and prefers
sites with sparse ground and canopy cover (Lunnedyfshby 1987, Lunnegt al.

1987, 1989). It survived the wildfire in 1980, reguced successfully in the first post-
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fire year, but disappeared by the third post-fileter as vegetation rapidly thickened
up (Lunney and Ashby 1987, Lunnetal. 1987, 1989; Lunney and Leary 1989).
These small animals vary in how far they travethveiome ‘explorer males’ covering
distances of over a kilometre (Lunnetyal. 1989). Researchers Lunney and Leary
(1989) speculate that suitable habitat for thisgsemay occur naturally only as
disjunct and temporary patches, making the alititiravel an important attribute for
survival.

The different relationship to habitat complexityrabst small mammals vis-a-vis
Dunnarts in the south-east was also noted by @adlivd Burt (1995), who surveyed a
range of forest types from Ulladulla to the Victoriborder. Habitat complexity was
positively correlated with the number of Brown Actéus, Dusky Antechinus and
Bush Rats captured; the Common Dunnart, howeves,ongy trapped in habitats of
low to moderate complexity.

4.2.4 Large and medium-sized mammals

Much what we know about large and medium-sized maisiand fire in the forests of
the south-east comes from multi-site studies owead areas which have looked for
associations between indicators of animal abundandehabitat-related variables
(Claridge and Barry 2000, Catling and Burt 1995ili@g et al.2001). As for small
mammals, much of the focus has been on cover.miduels developed by Catlireg

al. (2001) are of particular interest as they are basedbservations over 20 years in 99
heath and forest sites at Nadgee Nature Reselivere Bre also post-fire observations
from Nadgee (Newsomet al. 1975, Recheet al. 1975, Catling and Newsome 1981)
and a post-fire study in a range of habitats in Muha State Forest (Lunney and
O’Connell 1988).

Available evidence generally indicates that thgéamammals of the south-east forests
— kangaroos, wallabies and wombats — tend to r@dsd with fairly open, grassy
environments that are more likely to be found m ¢farly post-fire years and perhaps
also where fire has been more frequent, than én [adst-fire or rarely burnt
environments. Medium-sized potoroos and bandicoave a greater association with
understorey cover. Predation almost certainly pkyimportant part in determining
cover dependence.

Kangaroos, wallabies, wombats

There are hints that kangaroos, wallabies and wisrddten survive even intense fire.
Lunney and O’Connell (1988) counted dung pelletthefRed-necked Wallaby, Swamp
Wallaby and Common Wombat at four and 17 monthey @it extensive wildfire in dry
sclerophyll forest in Mumbulla State Forest noréisteof Bega. No dead animals of
these species were found after the fire, and edkthaxa were present at both post-fire
sampling periods, leading the authors to suggestiiey had generally survived the
blaze.

How does the abundance of kangaroos, wallabiesvantbats vary with time-since-
fire? According to the models developed by Catéhgl.(2001) from the Nadgee data,
kangaroos and wallabies are more abundant in eadymiddle than in later post-fire
years, when declines are substantial. The motels these large animals responding
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more to time-since-firper sethan to habitat complexity, over a 25 year pa®t-fi
period. Catling and Burt (1995) found an assamabetween large native herbivores
and low habitat complexity scores, and commentttiege species like forest with an
open grassy understorey with few shrubs.

Shrub cover may still play a role for these spediesvever, particularly in the first year
or so after fire when the openness of the envirarimmeans shelter from predators may
be more than usually difficult to find. Newsomteal. (1975) report that kangaroo and
wallaby numbers declined in the early post-firergest Nadgee, due to increased
predation by dingos. That food was not the prolkeattested by Rechet al. (1975),
who stated that kangaroos and wallabies at Nadgee well-fed and that by the
summer after the fire all females had young. A j@ars later, Catling and Newsome
(1981) reported that macropod numbers remainedystea about three years after the
fire and then rose sharply to well above pre-fneels. Lunney and O’Connell (1988)
found a significant positive association betweenisitover and wallaby dung at four
months post-fire (Red-Necked Wallaby only), and’atmonths (Swamp and Red-
Necked Wallabies). Shrubs can provide food as ag#helter, particularly for the
Swamp Wallaby which is considered a browser raitfem a grazer.

Wombats were relatively abundant after fire at Nsd{Newsomet al. 1975, Catling

et al.2001). Modelling by Catling and Burt (1995) foumdtrong relationship between
wombat abundance and low habitat complexity scér@sever Catlingt al. (2001)
found just the opposite, while Lunney and O’Conii#888) found no relationship
between the abundance of wombat scats and covesunasa The model developed by
Catlinget al. (2001) showed time-since-fire was a significaniatale for wombats,
however it was difficult to interpret as abundan@es high immediately after fire,
decreased over the next decade then increased dgainey and O’Connell (1988),
who examined fox and dingo scats, found few trate@gombats being taken in the first
two post-fire years at Mumballa. However Catletgl. (2001) consider the decline in
wombat numbers at Nadgee was probably due to ginggation, and cite unpublished
data showing that although wombat formed a veryllgoaat of dingo diet in the first
five years after fire, the proportion rose subsédigtin years 7 to 9, after which dingo
numbers declined.

Bandicoots and potoroos

The relationship between time-since-fire and aboodaf bandicoots and potoroos was
assessed by Claridge and Barry (2000) in a mué#iesd multi-factor study over a wide
area of eastern Victoria and south-east NSW. fresbbservations from Nadgee have
been published by Newsoreeal. (1975) and Catling and Newsome (1981).

Claridge and Barry (2000), who studied factors eséed with diggings of bandicoots
and potoroos, found more diggings of both animalsites unburnt for over 20 years
than in sites burnt 0-10, or 10-20 years previausigndicoot diggings were also
associated with a high density of ground covergeasuare which apparently included
shrubs up to 2 m, leading the researchers to sutigegecently burnt habitats may not
provide sufficient protection from foxes and dog@sme-since-fire may also influence
food resources, which for bandicoots and potoraosist primarily of the underground
fruiting bodies of fungi with an association witargicular plant species. The
relationship between fire, these fungi, and thesttplants, however, is not at all clear.

48



Claridge and Barry (2000:683) conclude that burmimigandicoot and potoroo habitats
“should be done mainly with long intervals.”

There is also evidence, however, that the environiimethe years immediately after a
fire may suit Bandicoots quite well. AccordingNewsomeet al.(1975) bandicoot
activity increased post-fire at Nadgee, while @atland Newsome (1981) report that
bandicoot abundance increased in the early pastséiars, quickly reaching greater than
pre-fire levels.

In the study by Claridge and Barry (2000), althotigie-since-fire was a significant
variable for potoroos, cover was not. Potorooseappo need a mosaic of dense
vegetation, for shelter, and open areas for foragin

Predators

A number of times in the discussion above the ingme of dense shrub cover in
allowing native animals to minimize the ravagepm@dators has been noted. How do
predators themselves respond to time-since-firehaitat complexity?

Findings for dingos vary. Catling and Burt (199&)nd a positive correlation between
dingo abundance and habitat complexity, wherealinGagt al. (2001), using data from
Nadgee and including time-since-fire in their suitevariables, found no relationship
with habitat complexity but a strong decline ingbmumbers in later post-fire years.
Cats, in this study, increased with both time-sifieeand habitat complexity, while
foxes were everywhere, irrespective of these vigabThere are no doubt complex
relationships between the abundance of predatarpm@ay, which may alter as time-
since-fire and/or cover increases.

~

4.2.5 Arboreal mammals

Lunney (1987) surveyed possums and gliders at MllmBtate Forest before a
wildfire in 1981 and again six and 18 months latéfith the exception of the
Feathertail Glider which was rare before the falespecies present pre-fire were
recorded six months after the burn: these spectes Greater Glider, Sugar Glider,
Yellow-bellied Glider and Ring-tailed Possum. Teshtail Possum, which was not
found in the pre-fire survey, was located aftez.fitynburnt and lightly burnt gullies
provided critical refuges for arboreal mammaldhie tirst post-fire year. For example
before the fire, Yellow-Bellied Gliders were found both slopes and gullies, whereas
after fire they were confined to unburnt gullies.

Little is known about effects of fire on koalas1 North-eastern NSW Cost al. (1997,
cited in Corket al.2000) found that koalas were more likely to ocaame years after
fire than in the early post-fire years. Jurskid &otter (1997) consider severe fires are
liable to have at least short-term detrimentalaff@n koalas, and quote reports of loss
of koalas from bushland around settlements aftes fnear Eden in 1952. However
they also cite instances of recovery of populatiaitsr wildfire in forested land. These
authors report that the home ranges of seven aeigbt koalas they followed through
radio-tracking had been affected by intense finetheé past, as evidenced by high
frequencies of sapling regrowth trees in their hoarges, however information on
time-since-fire is lacking.
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4.2.6 Lizards

Lunneyet al. (1989) studied three skink species in Mumbullasufvey had just been
completed when wildfire burnt through the studyaaire1980. A second survey within
weeks of the fire showed all three species wellgpstisent, in fact one, the Delicate
Skink Lampropholis delicatavas found in greater numbers after the fire thdoredt —
a result put down to the difficulty of finding 1 thick vegetation prior to the fire.
Grass Skinksl@mpropholis guichendtiwere less abundant after than before the fire.
Examination of the stomach contents of this spestiesved little food was available in
the post-fire weeks, and the authors surmise thiiduals died from starvation
together with heat stress and vulnerability to ptesh resulting from lack of cover.
Both Lampropholisspecies need relatively open habitat, howeveryvaard less
abundant where post-logging regrowth was thickthiAd species, the Water Skink
(Eulamprus heatwolgishowed no significant changes in numbers asudtref the fire.

Almost 20 years later the same area was once agamyed before and after a low
intensity planned burn in 1999; post-fire surveygevconducted at 10 and 20 months
post-fire (Penret al.2003). The Grass Skink again showed a declinleenrtitial post-
fire survey, however by 20 months it had recovecegreater than pre-fire levels.
Delicate Skinks again showed little effect of finethe initial survey, but by 20 months
were less abundant in burnt than unburnt areageNM&kinks stayed true to their
previous form and were not significantly affectgdthe 1999 fire.

4.2.7 Birds

Smith (1989) studied bird populations in a 13 he isi Mimosa Rocks National Park
between Bega and the coast, before and after aratedetensity wildfire. This site,
which had a history of frequent burning, had a bai fauna, with 96 species recorded
over three years. The forest bird community waspgsingly resilient” to the effects

of the fire and of the drought which was associatél it. Smith (1989) puts this down
to the role played by gullies: the site encompassedge and two gullies one of which
contained some rainforest plants. The numberrdfspecies recorded in the year
before the fire, and in the first post-fire yeamad| as in the second, hardly altered, and
changes in species composition were confined tasional visitors to the site. Effects
within the site, however, were noteworthy. Insemtbus species, particularly those
which used dense shrubs for feeding, shelter astihge generally contracted into the
unburnt and lightly burnt vegetation in the guljiesamples included the Brown
Thornbill and the White-browed Scrubwren. On thigeo hand species with plant foods
in their diet expanded their distributions and nenskas particular trees and shrubs
flowered and fruited — although whether this wagegsponse to the fire is unclear.
Another feature of the year after the fire wasuaryl of out-of-season breeding activity,
again probably reflecting increased food resourd@scheset al. (1975) and Fox (1978)
note similar behaviour at Nadgee, where some bpaidicularly insect-eaters such as
fantails, warblers and wrens, nested two and ttinees during the spring and summer.

Loyn (1997) studied birds just before, and for ¢ghyears after, a very large wildfire in

East Gippsland not far from the NSW border. Althlothis study wasn'’t limited to dry
sclerophyll forests it is included here becauggavides insight into the way different

groups of birds respond to fire.
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Across all sites bird abundance declined, immeljiaier the fire, to an average of
60% of pre-fire levels. Numbers recovered oventixt three years, doing so more
rapidly in wetter environments, and faster in fotéan heath. Gullies provided refuge
in the early post-fire period, even when they hadrbburnt.

Canopy insectivores followed the pattern for altlbibut changes were not significant.
Understorey insectivores as a group also showeafanges, however some individual
insect-eating species, particularly those assatiatth heathlands, showed major
declines. Many insectivores that fed from talludd® continued to get food from
scorched shrub branches and foliage, as did canepygtivores. By one year post-fire
regenerating shrubs and epicormic growth were giogiplentiful insect food.

Birds which feed from open ground increased sigaiitly in abundance, as a group,
after the fire. Some species not recorded preafeee found for two or three years
post-fire then disappeared again: Flame Robing]e&dobins, and Buff-rumped
Thornbills declined as shrub regrowth reduced tralability of open ground. Superb
Fair-wrens continued to increase over the three pest-fire period — they “thrived
after fire in all habitats ... where they were alolexploit the low shrub regrowth that
developed when the canopy was opened” (Loyn 198}.22

Large hole nesters, mostly seed-eaters, decliriedfak to 30% of pre-fire levels,
stayed scarce for the first two years post-firentincreased to pre-fire levels in the
third year. Resident carnivores showed few chaagesgroup, though Laughing
Kookaburras were most numerous one and two yeaitsfip® when there was plenty of
open ground. There was a “small influx” of birdpeey during and after the fire.

Honeyeaters virtually disappeared after fire, duss of their normal food sources:
concentrations of eucalypt and shrub blossom. Abooe of species in this group
increased with time-since-fire, reaching 60% offre levels by three years post-fire.
Some taxa such as Yellow-faced and Lewin’s Honeysdtad fully recovered by this
time, while others, including Crescent and New kiodl Honeyeaters were still scarce.
These results differ from those of Smith (1989)pvibund these latter two species in
considerably greater abundance in Winter and Sgmgeys in the year after the fire,
relative to pre-fire surveys in those seasons, gistypdue to flowering in the unburnt
canopy of trees and gully shrubs.

It is interesting that many of the species whictlided most after fire were mobile
species of around honeyeater size. Loyn (19973iders these birds well equipped to
avoid immediate death in flames and smoke. Theiblpm was that their food sources,
particularly nectar, were virtually eliminated. Hi§ suggests an evolutionary history of
adaptation to fire-prone environments. Speciesoitikpy ephemeral or patchy food
supplies need to be mobile and have intrinsic daptxescape fire by flight: fire may
be one of many factors that make those food suppfemeral or patchy. Conversely,
weak-flying species can only survive where foodmigs are resilient to major
disturbances such as bushfire, or in habitats wéech disturbance does not occur”
(Loyn 1997:232). The discrepancy between theitigel of Smith (1989) and Loyn
(1997) accords with this interpretation, which adetoes the discussion of ‘explorer’
Dunnarts above (Lunney and Leary 1989; Sectior8}.2.
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4.2.8 Conclusion

The rich array of studies of fire and animals intBaCoast Dry Sclerophyll Forests tell
a tale of resilience, and of a wide range of respsro time-since-fire — themes familiar
from the discussion of South Coast Heath (Sectigh 2

There is no doubt that many species depend ornitle understorey which develops
some years after a fire and persists for at leastecades. A need to shelter from
predators appears to be a major driver of thistapreference. One wonders to what
extent the presence of feral predators — dogssfare cats — has increased the need for
cover over what pertained prior to European setl#m Certainly control of exotic
predators needs to go hand in hand with fire managg to minimise post-fire
vulnerability of native mammals large, medium anthH.

There are also species which thrive in the yedlswing a fire and decrease in
abundance, or even disappear, as time-since-fagr@sses. Some animals, including
macropods, Dunnarts, some lizards and a numbards, meed open and/or grassy
habitat which is generally associated with earlgtgoe regeneration or, as we have
seen in previous sections, with environments whighburnt relatively frequently.
Others thrive in a post-fire environment rich imnglant growth: “The decomposition
of dead plant material releases nutrients slowly nbature forests are less productive
than young, vigorously growing plant communitiesWildfire massively releases these
bound up nutrients and, as seen at Nadgee, thareamendous surge of life. Animal
and plant populations explode and species diveirsitgases. In a way, fire is a
renewal of the ecosystem” (Recletral. 1975:163).

How are the different habitat requirements of treynfauna species in South Coast
Dry Sclerophyll Forests to be accommodated? Hgatave see the need for
variability in time-since-fire, and probably alsofire frequency. Variable intervals
between fires within the statewide thresholds fgratlerophyll forests, seven and
thirty years, should deliver a range of habitatduding lots of dense vegetation, areas
where new post-fire regeneration is available ardswhere fires are more, and less,
intense. Where native vegetation covers largesatesi likely that wildfire will fulfil

this prescription. Where remnants have been d¢utyo€learing and urbanisation, or
where fire suppression has been unusually effecdimme ecological burning may need
to occur. Rechest al.(1975:163) suggest that when planned fire is adol¢ide

wildfire regime, it should be done in a creativagher than in a “monotonous and
unimaginative” way. Hot fires have their placewas| as cool winter burns.

A further point which emerges from the South Cdasgst studies is the importance of
topography in providing refuge areas from whicltoésnisation of the post-fire
environment can occur. Not only do unburnt aresgesthis function, places where fire
is less severe also play this role. When thinkihgut the effects of fire and how best to
manage it, it is instructive to consider landscpatterns: how does vegetation change
with topography? How does topography affect how fhoves across the landscape?
How does fire intensity vary over space and howsdbe enable plant and animals
species to survive and thrive together in a fireagrenvironment?
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5 Firein wet sclerophyll forests

“The giants of the Australian bush are the towegngalypts of the wet sclerophyll
forests” (Keith 2004:58). Found in areas of higmfall on moderately fertile soils,
these forests are characterised by a canopy pstadight-trucked eucalypts over a soft-
leaved understorey of shrubs, herbs and fernsateddloristically and often physically
between rainforests and the woodlands and drycgaitgtl forests which occur where
rainfall and/or soil fertility are lower, the wetlerophyll forest understorey may be
more, or less, shrubby. Keith places both thel@outRivers forest classes discussed
below in the grassy subformation of wet scleropforésts (Keith 2004).

“The wet sclerophyll forests not only tolerate baem to promote one of the most
fearsome and catastrophic ecological disturbaneesacth — crown forest fires” (Keith
2004:59). Though devastating to humans, these fil@y an essential role in forest
renewal, allowing the light these trees need temegate to reach ground level, and
holding back “the rising tide of mesophyllous pkEnwvhich would otherwise see
succession to rainforest (Keith 2004:59).

Much of what we know about fire in wet scleropHyliests comes from over 50 years
of research in high altitude forests of MountairhABucalyptus regnansa species
which occurs in Victoria and Tasmania but not ilMISThe ecology of this species
has much in common with Alpine Ask.(delegatens)sthe dominant species of the
Montane Wet Sclerophyll Forests discussed in Sed&ita. More recently studies in the
rather different wet sclerophyll forests of NorthédSW have added to our
understanding; this work will inform Section 5.2 $authern Lowland Wet Sclerophyll
Forests.

5.1 Montane Wet Sclerophyll Forests

5.1.1 Introduction

On steep slopes between 800 and 1400 m among&rwimgts, frosts and snow, grow
Montane Wet Sclerophyll Forests. Ash eucalyptsidate these forests, which are
found south from the Brindabella Range near Caabétanket the western and
southern fall of the Kosciuszko plateau and exiatalVictoria. The dominant tree
species in this region is the Alpine ABhdelegatensjswvhich occurs either in pure
stands or witle. dalrympleangMountain Gum) oE. pauciflora Patches of Montane
Wet Sclerophyll Forest are also found on the eastscarpment and in sheltered coastal
mountain valleys; here the dominang&igcalyptus fraxinoide/Nhite Ash). Soft and
hard-leaved shrubs includidgacia dealbataBossiaea foliosaDaviesia latifolig
Leucopogon lanceolatuy€oprosma hirtellaOlearia megalophyllaPolyscias
sambucifolia Tasmannia lanceolatandT. xerophilaform a variable shrub layer over a
ground cover of ferns, herbs and grasses, includoaensiformisandPoa helmsii
Steep terrain has largely protected these foresits €learing and logging, however
some have been grazed (Keith 2004).

The vegetation groups identified by Gellie (200%jatr most closely match this
description are:

» Group 87 — Western Escarpment Moist Shrub/Herb&SFasest. Co-dominated
by Eucalyptus delegatensss\dE. dalrympleanawith an open shrub layer of
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Polyscias sambucifoljdaviesia latifolig Cosprosma hirtellandTasmannia
xerophilg these forests, which are virtually unclearedecd®6,000 ha. The
grasse$oa ensiformisElymus scabeandPoa helmsiiare interspersed with a
wide range of forhs Eighty percent of this vegetation group is inidated
reserves.

* Group 86 — Western Sub-alpine Moist Shrub ForBstminated byE.
delegatensisvith E. paucifloraoften forming a secondary tree layer, shrub
cover in this vegetation group varies from spaoseeinse. Shrub species
includeTasmannia lanceolatdolyscias sambucifoljgCoprosma hirtella
Lomatia myricoidesndOlearia megalophylla Ground species includ®a
ensiformisand various herbs. This vegetation group covemsiimated 22,900
ha, has not been cleared, and is 89% reserved.

* Group 61 — Southern Escarpment Edge Dry Shrub Ferdeminated bye.
fraxinoideswith an open shrub layer containibgucopogon lanceolatus
Acacia obliquinervisandPlatysace lanceolataA sparse, species-poor ground
layer feature®ianella tasmanicandStylidium graminifoliunwith scattered
tussocks oPoa meionectesThis vegetation group covers 10,500 ha, is
uncleared, and is 78% reserved.

Gellie (2005) categorises all three vegetation gsoas Ash Eucalypt Forests, which he
describes as “typical fire sensitive montane t@ié$ts, which can succumb to stand
replacing fires at intervals as short as 40 to&fry. Because of local site conditions,
Ash Eucalypt Forests are fast growing and highbdpctive in their respective
montane and sub-alpine environments” (Gellie 200%)2

5.1.2 Obligate seeder eucalypts

Eucalypts are renowned for their ability to resprétom lignotubers at ground level
and from epicormic shoots on trunks and branchefew eucalypt taxa, however, do
not conform to this pattern; chief amongst themtheeash specids. delegatensj<€.
fraxinoidesandE. regnans The response of these mavericks to fire isahéte classic
obligate seeder with on-plant seed storage (Sexfidhand 2.1.2); adults receiving
100% leaf scorch are killed by fire and regenerataies on seed released from fruits
high in the canopy.

What do we know about the fire ecology of obligegeder eucalypts? Some research
into E. delegatensibas been carried out — mostly in Tasmania (eg Banvand
Kirkpatrick 1986a, Ellis 1985) but also in the AQD’'Dowd and Gill 1984), while as
far as | am awark. fraxinoidess yet to be studied. In Victoria extensive warto the
ecology of ash eucalypts has focussedoregnans

Regeneration dE. regnansn the absence of fire has been researched il bgta
Victorian ecologist David Ashton. In one earlydty- started in 1949 — both natural
regeneration and seedlings arising from sown sexd Wllowed in three sites, one a 50
m gap created by the fall of a number of trees,asaie with an intact canopy of
matureE. regnandrom which the understorey was removed, and tind thmature

forest site with both tree canopy and understaneact (Ashton and Chinner 1999).
While seedling survival was better in the two mopen sites than under full canopy, no

54



E. regnansseedling in any site survived beyond 13 years,vang few beyond six
years. By two years after germination all seedlimgthe intact forest were dead.
Many factors contributed to the total failureEafregnango regenerate, including
fungal attack, predation by insects, browsing bymmels, being smothered by litter,
competition from dense understorey, desiccationtduke transpiration demands of
established plants, and lack of light particula$ysaplings developed pendulous
foliage.

Studies of regeneration in Tasmaniardelegatensiforests suggests that the controls
on between-fire establishment are somewhat moagedithere than in Victoria’s
Mountain Ash country: Bowman and Kirkpatrick (1986@undE. delegatensis
seedlings and saplings growing in unburnt areadultflants were, however, very
effective in suppressing young plants, largely tigto their influence on soil moisture
(Bowman and Kirkpatrick 1986b,c). Bowman and Kakjick (1986a) conclude that
few saplings survive to join the adult populatiand that “natural regeneration bf
delegatensign dry forest appears to be largely dependent dipeh(Bowman and
Kirkpatrick 1986a:71).

On the other hand, the link between crown fire saggneration of ash eucalypts has
been apparent for many years (Ashton 1981 andemedes therein).

“Crown fire eliminates most of the difficulties enmtered byE. regnans
regeneration by causing mass seedfall, creatingtabée seed bed and by
temporarily changing the microclimate, soil moistuegime, soil nutrient status,
microbial populations and ant foraging activity"§#on and Chinner
1999:265).

O’'Dowd and Gill (1984) compared the behaviouEoflelegatensien two sites in the
Brindabella Ranges in the ACT, one burnt in an expental fire which killed 93% of
the Alpine Ash trees, one unburnt. In the unbaitet ants remove a large proportion of
the small number of seeds which were releasedghrthe activities of Gang Gang
Cockatoos in the canopy, and only a handful of lsegsiemerged — none of which
survived beyond the cotyledon stage. In the bsitaf however, many seedlings
established.

Both E. regnansandE. delegatensiform even-aged stands which can be dated to
severe bushfires, such as that in 1939 (Gilber9,185hton 1976, 1981; O’Dowd and
Gill 1984, McCarthy and Lindenmayer 1998). Everewla wildfire does occur,
regeneration oE. regnangs limited to areas where all, or almost all addes have
been killed (Ashton and Martin 1996a,b). Similalis (1985) found that post-fire.
delegatensiseedlings growing under a canopy of living matoees in Tasmania did
not develop, while in the ACT after the 2003 fikdsian (2005) and Larkin (pers.
comm. 2006) found that while. delegatensiseedlings germinated abundantly after
both low and high intensity fires, seedling heiglais considerably greater where burns
had been severe.

If a fire kills some but not all trees in a patestands containing trees of more than one
age class can result (Gilbert 1959, Ashton 1976yrBan and Kirkpatrick 1984, Ellis
1993). For example a standiBfdelegatensigees studied by O’Dowd and Gill (1984)
in the Brindabella Ranges contained two age clasgsesming from 1951-2 and 1939,
both severe fire seasons in the ACT. Differentegeses may also be dispersed
through the landscape (Gilbert 1959) because es#rea fires of considerable extent
are patchy — see Ashton (1981) re 1939 fires, anithSand Woodgate (1985) re 1983
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fires. Doherty and Wright (2006), who assessedmetgation in the northern reaches of
the Alps after the widespread fires of early 2008nd that while approximately 30%
of E. delegatensistands in the study area had been killed, the nhajuad survived.
Bowman and Kirkpatrick (1986a) also report consatia post-fire survival of mature
E. delegatensi;n Tasmania.

After a ‘stand-replacing’ fire seed is releasedmgtrecedented rates, temporarily
overwhelming the seed-collecting capacities of §dt®owd and Gill 1984). Rain
provides the impetus for germination, and seedlieigsity can be very high (Gilbert
1959, O'Dowd and Gill 1984, Ashton and Martin 19968eedlings self-thin as they
develop (Gilbert 1959, O'Dowd and Gill 1984, Ashtt®76, Ashton and Martin
1996a). Shoot growth is slow at first but increasspidly (Ashton 1975), allowing.
regnansto reach 7 m in height in seven years (AshtonMadin 1996a).E.
delegatensisiso grows rapidly: Doherty and Wright (2006) refbat by 12 months
after the 2003 fire some seedlings were already b¥em high. Mountain Ash stands
pass through a very dense thicket stage, and e atagn suppressed trees destined not
to survive long-term are still living beneath theopy, again creating a very dense
forest. Canopy cover reaches a maximum at aboyedf$ post-fire, opens out
somewhat as the stand matures, and continues lineslowly but steadily to at least
220 years (Ashton 1976).

Like other obligate seeders with canopy-stored ,seslul eucalypts are vulnerable at
each end of the fire frequency spectrum. A trélagifire within the juvenile period of
these species will eliminate them, as there wilhbeseed available for regeneration.
The juvenile period oEucalyptus regnans considered to be 20 years (McCar¢hwl.
1999), while the NSW Fire Response Database (DER2)2§ives a figure of 10 years
for E. delegatensisGilbert (1959) reports that two fires 14 yegparain Tasmanian
wet sclerophyll forest produced a dense fern thjdkem which a few sparse eucalypt
seedlings struggled to emerge.

A very long period without fire also threatens #hepecies. With respect to Mountain
Ash, Ashton and Chinner (1999:278) consider thiatdyy chance there is freedom from
fire for another 2-3 centuries it is highly likelyat the readily dispersibi&therosperma
moschatunwill invade from the gullies and form a type oinfarest with some of the
more shade-bearing wet sclerophyll species su€iearia argophyllaandHedycarya
angustifolia” E. regnandrees are believed to live for at least 300 y@sicCarthyet

al. 1999). Given their inability to regenerate withauire, trees left unburnt for several
centuries are unlikely to replace themselves befwrg die. Studies have shown that
the seed of these giants does not survive in tiéAsthton 1979), so if a fire occurs
after adults have gone from a site, there will beapacity for them to regenerate.

Research in Tasmania suggests that in at least ciocnenstance<. delegatensirees
in long-unburnt environments may be at risk of dywell before their potential
lifespan, which DEC (2002) lists as 400 yearsisEl985) investigated vegetation
patterns on a cool, moist, elevated plateau imtrth of the state, using ring counts to
determine tree ages and fire history. He conclubdatiwhile the entire area could
potentially support rainforest, prior to Europeattlsment fire had alloweB.
delegatensigorest, and in some areas grassland, to sunkiweag interfire intervals
over the last 150 years were associated with thieldement of an increasingly mesic
understorey of rainforest species, particul&bthofagus cunninghamiiln many
places where this transition was occurriigdelegatensitees were either dead or
dying; growth curves developed from ring countddated that these trees had grown
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normally for 50-60 years after fire, then declirmer 20 to 25 years before dying.
Ring counts on fire scars found on dead eucalyptainforest stands suggested that
prior to 1850, fires occurred at intervals of 15y8@rs'° In NSW, Keith (2004) also
notes the tendency for cool temperate rainforesiviade eucalypt forest, but points out
thatNothofaguss not found in southern NSW, and that patchesoof temperate
rainforest are few. The tendency for Montane Wa¢i®phyll Forest to succeed to
rainforest is therefore likely to be much more tedi than in Ellis’s sites, and the need
for fire to truncate this succession in order tefke. delegatensigees healthy is also
less likely to be important. Ellis’s work doeswever, suggest that understorey
composition and associated soil characteristicsinfiyence survival of Alpine Ash,
and that these factors should not be ignored wbasidering the impacts of long
interfire intervals (Ellis and Pennington 1989, 2R9

5.1.3 Understorey dynamics

Three facts stand out from research into the effetfire on the understorey Bt
regnansandE. delegatensiforests. First, fires can, and do, occur in thdarstorey
without impacting the tree canopy. Second, urtlileetree species, understorey plants
in these forests often store seed in the soilrdThilese understoreys are dynamic: they
change with time-since-fire and with fire frequency

Many authors attest to the fact that fire can ibrough the ash eucalypt forest
understorey without unduly affecting adult treéd/hen this has occurred, understorey
plants will be of a younger post-fire age thanttkes above them (McCartley al.

1999). In a series of stands near Wallaby Créeksite of much of Ashton’s work,

“the ages oE. regnanganged from 15 to 220 years, whereas those aSpera
[understorey shruBomaderris aspeffaanged form 15 to 75 years” (Ashton 1976:411).
In Tasmania, Bowman and Kirkpatrick (1986a) studiezs in which adulk.
delegatensisrees survived but mortality in the understoreys \wigh, while Ellis (1985)
identified understorey fires as a vital elemengustaininge. delegatensiforests on the
Mt Maurice plateau. After the 2003 Kosciuszkodiidiles and Cameron (2006:23)
found places wherk. delegatensibad been killed, and others “where the understorey
had been consumed with no canopy scorch.” Ashtdn\artin (1996b) noted
considerable differences in the post-fire compositf the understorey in a site where
only the understorey was burnt but the canopy reethalive, and a nearby site where
intense fire had destroyed both canopy and undessto

Many species in the understorey of ash eucalypsterstore seed in the soil (Ashton
1979, 1981). While the seeds of some species appegact to fire cues (Ashton
1979), most if not all also respond to other foohdisturbance that allow light to reach
ground level. Ashton and Chinner (1999), whosdystlid not involve fire, found
prolific germination of both herbaceous and woodgerstorey species in two sites
where canopy and/or understorey cover had beenvesmavhile very little germination
occurred under mature forest with trees and shinthst. After fire many species in the
E. regnanaunderstorey regenerate only from seed; this iscpderly the case for

1% For further insight into the wet sclerophyll/rainforest dynamic from a vital attributes
perspective see Noble and Slatyer (1980), who use observations in Tasmania to demonstrate
the explanatory power of their model.
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woody species (Ashton 1981). A number of shrultksamall trees, includin@learia
argophylla regrow from lignotubers.

Changes in understorey composition with increasimg-since-fire have been
documented ifE. regnandorest in Victoria, and ift. delegensiforest in Tasmania. In
neither case is understorey composition quite éneesas that described by Keith (2004)
and Gellie (2005) for Montane Ash Wet Sclerophytésts in NSW, however there is
much common grountt.

The early post-fire years are characterised byXariant growth of herbs” (Ashton
1981:353). The open conditions created by firevidea window of opportunity for
species which do not thrive in the later post-jiears. IrE. regnandorest studied by
Ashton and Martin (1996a) four new species appesoed after fire, three of which
persisted only 1-2 years. Understorey plants commahe first couple of post-fire
years in Tasmanian ash forests incl@@mecialaisies and the Scrub Nettletica

incisa (Gilbert 1959). Miles and Cameron (2006) repbdt the rare perennial forb
Halorgis exalatassp.exalataregenerated massively ih delegatensiforest after the
2003 Kosciuszko fires, flowering and fruiting preély within the subsequent two
years. Seedlings of this species were abundanewhe eucalypts had been killed, and
perhaps even more so where the canopy was intafitdhad burnt through the
understorey. Ashton (1981) notes that plant spatiersity tends to be greatest in the
first post-fire decade.

Very quickly, however, shrubs which germinated retfte fire become large enough to
take over (Ashton and Martin 1996b). There is@pgssion in shrub species
dominance as time-since-fire goes by. While tosextent this sequence reflects the
different growth rates and life-spans of the spegigolved, it also owes something to
differential ability to recruit between fires.

Several researchers have documented understorgyosdian 20 to 25 years post-fire.
Middle-sized, relatively short-lived shrubs suctCassinia aculeataGoodia lotifolia
andOlearia lirata are often present (Ashton and Martin 1996b)E.Inegnandorests
Pomaderris asperaias frequently gained dominance by this stage nsandbe very
thick (Ashton 2000).Acacia dealbataOlearia argophyllaandProstanthera lasianthos
are often important understorey components (Gilb859, Ashton 2000). Once these
shrubs mature their cover is very high; when adddatie cover of mature crowns Bf
regnansthis produces a total forest cover of 75%, thawedent of rainforest (Ashton
1976).

By 50 years post-fire the short-lived Asteracedusiiss have disappeared and the
density ofPomaderris asper& declining (Ashton 2000)Acacia dealbatdrees have
emerged above tHeomaderrighicket and form a sparse subcanopy beneath the
eucalypts (Ashton 2000Prostanthera lasianthodies out at around 60-70 years
(Ashton 2000)Pomaderrisat about 100, although it declines slowly from @40
years post-fire (Ashton 1976, 2000). Gilbert (19&&timates that fevkcacia dealbata
trees survive more than 70 years. While some staxécapable of between-fire
recruitment, in most species this is limited andbbyto 70 years post-fire the shrub

™ In fact, of the Wet Sclerophyll Forest vegetation classes described in Keith (2004), the one
whose understorey appears to have most in common with the E. regnans understorey
described by Victorian researchers is Southern Escarpment Wet Sclerophyll Forest. However
only one of the five eucalypt species listed by Keith (2004) as indicative of this vegetation
class acts as an obligate seeder in NSW (DEC 2002).
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layer has often opened out leaving a dense undeystd ferns (Ashton 1976, 2000).
Understorey species whose abundance increasesgruttournte. regnandorest
includeCoprosma quadrifidand the Rough Tree Fe@yathea australigAshton 1976,
Ashton and Martin 1996b).

Rainforest species may also increase in long-uniasimforests. This appears to occurs
more rapidly in Tasmanian Alpine Ash forests thmash forests in Victoria or NSW
(Gilbert 1959, Ellis 1985). However even in Vidgtowhere temperate rainforest
patches are uncommon, rainforest species increitiseinve-since-fire, particularly
where rainfall is high and/or seed is readily afali from rainforest gullies (Ashton
1981, 2000).

Ashton (2000) notes that when a fire does comegaddier a long interval, many
species will regenerate from soil-stored seedfdiugome the period of soil storage
may be too long. As is the case everywhere, thgduity of soil-stored seed is very
poorly known. Some species appear to have thityatailsurvive as soil-stored seed for
a very long time: Gilbert (1959) suggests that thisst apply teAcacia dealbatawhich
appears after fire when even when stands of veryrees are disturbed.

Few studies have specifically addressed the eftéagferent fire frequencies on the
ash wet sclerophyll forest understorey, howeveenizions by Gilbert (1959) in
Tasmania, and Ashton (2000) in Victoria, providenscclues. Gilbert (1959) describes
an area which had been burnt by three or four whaley fires in the last 100 years.
Here, the mesophyll understorey characteristicasfiifanian forests was replaced by
Acacia dealbata, Olearia argophylEndPomaderrisaspera Ashton (2000) lists
species in three understorey types arising frometldifferent fire histories — one from a
series of closely-spaced understorey fires, ona ftia understorey fire after a 28 year
inter-fire interval, and one from a single intessand-replacing fire 50 years
previously. Shrub diversity was somewhat highahatwo more frequently burnt
sites; grasses and forbs were most diverse inghefrequently burnt site, species
richness of mosses and liverworts was highestdrsite resulting from the stand-
replacing fire. While at 25 years post-fire thdigdite seedePomaderris aspera
dominated the site with the 28 year interval, shrabthe frequently burnt site were
mostly lignotuberous, witllearia argophyllaandBedfordia arborescengarticularly
well-represented. It seems likely that there dfferént understorey ‘states’ associated
with fire frequency, as well as with time-sinceefiin these forests.

To what extent are the understorey patterns destabove likely to pertain in the
Montane Wet Sclerophyll Forests of NSW? Thesedisrare more grassy than the
Victoria’'s E. regnandorests, and also contain more sclerophyll shrufisey do,
however, include a soft-leaved shrub componenis likely that the Montane Wet
Sclerophyll Forest understorey also regeneratesdsmily after fire, and that there is
some sort of progression in the dominance of sepgties. The ‘opening out’ seen in
the later post-fire decades may also occur indbgsystem. Different fire frequencies
are likely to favour different understorey compatseas they do in Tasmania and in
Victoria. Moderately frequent fire would probaliwour sclerophyll shrubs, while
longer intervals may encourage the more mesic epectarr and Turner (1959) report
an increase in shrubs i delegatensiforests below the Bogong High Plains, a
development they ascribe to regularly burning azars. It is hard to see how this
would work if fires were very frequent, as obligateder shrubs would be eliminated
by fires at intervals below their juvenile peri@hd resprouter seedlings would be
unable to reach fire tolerance. However it is fmdeghat moderately frequently
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burning would have this effect. From a conservapoint of view, a mix of shrubby
and grassy patches is probably desirable.

5.1.4 Forest fauna

Fauna research in ash eucalypt ecosystems againcussed more on Mountain Ash
habitats than o&. delegatensifrests. Studies either compare forests of difier
ages, or the same sites before and after fire.

Patterns of faunal succession after fir&imegnandorests have much in common with
those in South Coast Heaths (Section 2.2.1) anthSast Dry Sclerophyll Forests
(Section 4.2). Studies have identified a small benof early successional species;
these animals generally need open habitat for @eason or another. The swift growth
of trees and shrubs in Mountain Ash forests iofld in a rapid increase in
populations of species which prefer dense vegetatidost of these species remain
stable inhabitants of the forests as they age ¢o 200 years, although some decrease in
abundance as the shrubby understorey declinesharidrest opens out. Interestingly,
these fauna studies highlight the habitat benefitsmix of age classes: both old trees
with hollows, and the dense shrub understorey chaniatic of young stands (Section
5.1.3), play a vital role in providing the rangehaibitat features which maximises
mammal and bird diversity.

Macfarlane (1988) studied mammals in Victorian Miaim Ash forests of different
ages. He found that the presence and abundargenoéls varied with forest age, but
not dramatically so except in the very early yednegeneration, when many species
were not present. Small mammals which thrive imsgehabitat in other vegetation
formations — Bush Rats, Brown and Dusky Antechiuscolonised regenerating forest
rapidly and increased in abundance as the forestrath(as in other ecosystems, the
Dusky Antechinus took longest to return). Mostoagal mammals needed a well-
developed canopy and large old trees — dead @ alwvith hollows for nesting.

Ringtail and Leadbeater’s possums also neededladexloped middle stratum and so
were not found in the oldest stands where shrubsitestly died out. The greatest
abundance and diversity of mammals was found irtiraged forests which had both
young and old Mountain Ash trees plus dense middtelow shrub strata witAcacia
Pomaderris CorreaandOlearia. This high structural diversity was often theulesf a
low intensity fire which had regenerated the unideey while leaving many old trees
intact. Diverse habitat features were also fourtti@interface between stands of
different ages.

The importance of the shrub layer for Mountain Asfest birds is attested by the work
of Loyn (1985), who found that just over half theds in theE. regnandorest sites he
studied fed from the foliage or blossom of shrubd mid-storey trees, with another 19-
25% feeding from the ground or low understoreyrd8ifound only or mostly in early
regeneration included open patch foragers sucheaBlame Robin, Superb Fairy-wren
and Red-browed Firetail. The composition of the lsommunity showed few changes
between 39 and 200 years post-fire, although sstewessional changes relating to
shrub abundance were noted. Hole-nesting birde wre common in forest older
than 100 years, than in younger forest. Dead sihgkl trees were important for hole-
nesting birds while the next generation of trees gr@wing up.
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A second study by Loyn (1998) compared patchesds§mwth forest with 57-year-old
regrowth from the 1939 fires. No significant difaces in bird abundance, either
overall or for different groupings of birds, weauhd. While a few individual species
favoured one age class or the other, most foundllgoguitable habitat in each. Few
birds that forage or take seed from open grounc Wiernd in this study, presumably
because both 57 year regrowth and long-unburnsfavere too thick to meet their
needs. While wet gullies were generally well-ubgdirds, some shrub foragers
avoided the wettest gullies where cool temperatdaeest plants prevailed.

Brown and Nelson (1993) studied lizard€Einregnandorests in Victoria. Three
species were relatively common. All respondeddiat] with two of the three species
most commonly observed where light levels were higbse species needed patches of
sun for basking. Both were most abundant on récéigturbed sites which were still
relatively open, were not found in sites 11-63 gaad which carried very dense
vegetation, then reappeared in older sites (146sy@as) where trees and shrubs had
thinned.

Because the Alpine Ash forest understorey is mosegy and has a greater sclerophyll
component than that of Victoria’s Mountain Ash e one might expect the effects of
fire in Keith’'s Montane Wet Sclerophyll Forest das reflect aspects of both tBe
regnansfauna story, and elements of that found in dregregihyll forests and
woodlands. Two studies from the ACT suggest thay mdeed be the case. Both used
data from long-term bird surveys to compare birdratance in the years before and
after fire.

Catling and Newsome (1981) report data on eighieeispecies from a long-term
study inE. dalrympleandorest in mountains west of Canberra: witiledalrympleana

is not an obligate seeder eucalypt, it co-occutb Bi delegatensign Montane Wet
Sclerophyll Forest (Keith 2004, Gellie 2005). Dfatan the years before a high
intensity fire was compared with post-fire datarthhad been no fire in the area for
many years before this burn. No species disappearappeared, however abundances
changed for nine species, generally towards gredendance after the fire. Ground
foragers were particularly affected, with two spsajuadrupling their abundance in the
first post-fire year. Overall, in the first fiveegirs after fire numbers increased by 48%
on the forest floor, 24% in the shrub layer and i8%e canopy. As time-since-fire
increased, numbers of birds declined, particulanythe forest floor. Catling and
Newsome (1981:295) conclude that “Fire appearsite Iproduced favourable habitat
for the birds, but habitat near the ground apptarsquire fire more often than the
canopy habitat to be suitable.”

Bakeret al (1997) used data from another long-term studyensclerophyll forest in
the Brindabella Ranges to compare bird populatiortise years before and after an
understorey fire which followed a 46 year interfinéerval. Wildfire significantly
affected the population size of 13 of the 20 sestadied: seven species including the
Rose Robin, White-naped Honeyeater and Rufous fFamee more abundant prior to
the fire, while six including the Flame Robin, Sdpé&airy-wren and White-browed
Scrubwren were more abundant after it. An intémgdinding was that the fire had
very little effect on bird survival, implying thahanges in population numbers were
probably due to movement of birds between burntwarimirnt patches.
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5.1.5 Conclusion

The fire interval range recommended by DEC for syasibformation wet sclerophyll
forest is 10 to 50 years, with the proviso that¢@sional intervals greater than 15 years
may be desirable,” and that “Crown fires shouldeided in the lower end of the
interval range” (Kenngt al.2004:34).

From the information reviewed above, this range ld@ertainly be very low for
Victoria’'s Mountain Ash forests, and of courselas guidelines proposed by Kenety

al. (2004) are only for NSW, this is not being suggdstMcCarthyet al. (1999), who
used a range of methods to determine the frequefifines in Mountain Ash forests,
estimated that the current interval between “tiémg” fires is 75 to 150 years, while

if fires of any severity are considered (as we hsaen not all fires kill trees), then the
mean interval is 37-75 years. Even these inteasagprobably somewhat higher than
the ideal. For one thing, it is vital that someuvitain Ash trees survive well over 150
years, as it is only at this stage that the hollesgential to many fauna species begin to
form in earnest (Lindenmayet al. 1993 and references therein).

As already noted, the understorey of the Montané S¢kerophyll Forests in NSW is
grassier than that of Victoria’s Mountain Ash fdeesnd contains more sclerophyll
shrubs. Shorter intervals are therefore likelpacappropriate: sclerophyll shrubs such
as wattles, peas and epacrids are more likely ghbe-lived than the Mountain Ash
shrub dominants which are known to live for overygars, while grasses and herbs are
more at risk of being suppressed beneath densbsshnd litter than are larger plants.
The existence of forbs suchldaloragis exalatavhich thrive in the early post-fire

years (Section 5.1.3), suggests that historicaitgrvals between fires must not have
been too long — although Miles and Cameron (200§ysst that this species may
survive long fire-free periods through occasioe&ruitment in patches subject to other
forms of disturbance. The increased use by gartgelnumbers of bird species,
particularly ground foragers, of the post-fire @owment in wet sclerophyll forests in
the ACT (Catling and Newsome 1981, Bakéenl. 1997 also suggests intervals were
probably shorter here than i regnandorests, where this pattern of usage is not found
(Section 5.1.4). And while the need for periodie to minimise rainforest takeover of
the understorey, and ensilEedelegatensigees do not succumb to dieback, is unlikely
to apply in NSW to anything like the extent it doeSasmania, again there are hints
that intervals between fires should not extendaog. A frequency of 10-50 years
might therefore cause few problems in the Montaret 8¢lerophyll Forest

understorey.

For the obligate seeder trees of the overstorayetier, 10-50 years would be
extremely short. While Alpine Ash grows rapidlydgoroduces seed by 10 years post-
fire (DEC 2002), several more years may be needéard canopy seedbanks are
sufficient for replacement after a second fire.niet al. (2004) address this issue
through the caveat that crown fires should be st the lower end of the interval
range. How easy it would be to ensure fires westricted to the understorey in ten-
year-old stands dtucalyptus delegatensis a topic worthy of study: presumably the
separation between understorey and canopy is éesplete in the early post-fire years
and decades than it is later. Perhaps ‘standaigfafires should be followed by a
fire-free period of somewhat more than 10 years.

The desirability of crown fires at thgoperend of the interval range is also debatable,
given that canopy fires are ‘tree killing’ in Mom&Wet Sclerophyll Forests. Forty to
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50 years would constitute a very short life-sparafeucalypt which could potentially
live for 400 years. The issue of tree hollows whiso important in Mountain Ash
forests may also be relevant here. It is likebt tenturies-old Alpine Ash trees

provide essential fauna habitat in Montane WetiSpleyll Forests: Lindenmayet al.
(1993) found the number of hollowsknh delegatensitees increased as trees enlarged
in diameter.

The answer to these apparent contradictions may tiee degree to which fires in
Montane Wet Sclerophyll Forests impact the canppyhaps in this vegetation class it
is desirable that most fires are of relatively liowensity. This would allow obligate
seeder canopy trees to survive for one, two oethemturies. Low intensity

understorey fires at variable intervals within DE@esholds, perhaps with an emphasis
on the upper half of the range, would provide pid@pportunities for shrub and herb
regeneration, and create a variety of time-sineeffiediated understorey structures and
resources (such as flowering shrubs) for an arféyrd and fauna species. Some
canopy impact by a subset of fires could have hab#nefits, as disturbance appears to
play a role in hollow formation. Lindenmayetral. (1993) found greater numbers of
hollows in old trees within young stands, and @etr on steep slopes; the authors
speculate that in both cases non-lethal damageegnfy have accelerated hollow
formation.*?

Low intensity understorey fires may also have a tolplay in limiting the extent and/or
impact of wildfire. As we have seen even extendivgh intensity fires kill only a
proportion ofE. delegatensigees; it would be instructive to see whether theBny
relationship between understorey age and the eafeastiligate seeder tree death from
wildfire in Montane Wet Sclerophyll Forests. Anethmatter which warrants
investigation is the relationship between undeestdire frequency, wildfire intensity,
speed and nature of understorey regeneration, @siefipe erosion. This issue may be
particularly important irfE. delegatensi®rests which often grow on erosion-prone
steep slopes (Good 1996). Although maintenaneehafavy litter load on the forest
floor may be an excellent hedge against erosioak(fieel loads in long unburnt Alpine
Ash forests average 37 to 44 tonnes per ha), inegofone environment there will
inevitably be occasions when fire will remove liteend understorey cover. Erosion is
most likely to be problematic when fires are inee(&dams and Simmons 1996,
Prosser and Williams 1998, DeBano 2000, DragovighMorris 2002); in Montane
Wet Sclerophyll Forests this will most likely ocaluring extensive ‘tree killing’
wildfires. Does a regime of low-intensity undersipfires mitigate damage in these
circumstances, for example by encouraging thicksgga which bind the soil post-
wildfire? Or do they simply add to the problem?

Of course, occasional high intensity fire, perhajpa scale of centuries rather than
decades, will be essential to ensure the obligsgdes eucalypts which dominate this
vegetation class have the opportunity to regendsedigre adults die.

12 See Lindenmayer et al. (1993:97-98) for a discussion of the role of fire in the creation, and
destruction, of tree hollows.
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5.2 Southern Lowland Wet Sclerophyll Forests

5.2.1 Introduction

Southern Lowland Wet Sclerophyll Forests inhahiegy different environment to the
Alpine Ash forests discussed in Section 5.1. Tlaedow altitude forests, growing
along the coast and adjacent hills up to 300 malsea level. Soils are moderately
fertile loams derived from siltstones and mudstoridest areas occupied by this forest
type are dominated b@orymbia maculatgSpotted Gum) and/or the rough-barked
eucalyptsEucalyptus globoide@Nhite Stringbark)E. paniculata(Grey Ironbark)E.
longifolia (Woollybutt), E. pilularis (Blackbutt),E. scias(Large-fruited Mahogany) and
Corymbia gummifergdRed Bloodwood). In wet, sheltered areas thesests may
adjoin “tiny embedded patches” of Southern Warm perate Rainforest. Common
trees in sheltered gullies are Sydney Blue GHuotélyptus saligng Bangalay
(Eucalptus botryoidgsand hybrids of these two speci€yncarpia glomulifera
(Turpentine) may form a small tree layer (KeithQ2(y2-3).

Keith (2004:72) places these forests in the grasgformation of wet sclerophyll
forests, although they often also host “a tangleimés and a variety of mesophyllous
and sclerophyllous shrubs, including cycads — whighoften in impressively high
densities.” Shrubs includesucopogon lanceolatuBersoonia linearisHibbertia
aspera Synoum glandulosumcacia obtusifoliaZieria arborescensndElaeocarpus
reticulatus

Southern Lowland Wet Sclerophyll Forests occur leetwNowra and Bega and are
particularly prominent between Narooma and Ullaaustretching up the Clyde River
from Batemans Bay (Keith 2004).

The vegetation groups identified by Gellie (200%)atn seem most closely aligned to
Keith’s description include:

e Group 21 — variously named South Coast, or NortHeonthills Moist Shrub
Forest. Corymbia maculataEucalyptus pilulari;andE. paniculatadominate
this group over the southern part of its rangeh &itsalignaandSyncarpia
glomuliferamore prominent in the north. A small tree layg2common; species
here includé&Synoum glandulosuamdElaeocarpus reticulatusThe shrub layer
containsMacrozamia communjseucopogon lanceolatuBersoonia linearis
Hibbertia asperaand several other shrubs listed by Keith (2005 S@uthern
Lowland Wet Sclerophyll Forest. Vines, particwatlissus hypoglaucare
common. There is a variable ground cover of sedgess and forbs. This
vegetation group is found on rolling foothills met Clyde-Kioloa area and
further north in the Shoalhaven and in Kangarodeyal It once covered an
estimated 87,700 ha, of which 67,100ha (77%) resantleared. Of this, 35%
(23,400ha) is reserved.

* Group 9 — Coastal Lowland Cycad Dry Shrub For€irymbia maculatas the
dominant tree species, wikh paniculataE. globoideaandE. muellerianaalso
present in some siteddacrozamia communidominates the shrub layer. Tall
shrubs includéllocasuaria littoralisandPersoonia linearissmaller species
such adHibbertia asperaPlaysace lanceolatd_.eucopogon lanceolatuend
Oxylobium illicifoliumalso occur. Grassé&htolasia strictalmperata
cylindrica andMicrolaena stipoidesnix with sedged,.omandraspecies and
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forbs. This vegetation group occurs on foothdiges and slopes between
Termeil south of Ulladulla, and Tilba Tilba. Eiglite percent of the pre-
existing area of 67,500 ha remains uncleared; 87#i®is outside
conservation reserves.

* Group 10 — Southern Coastal Lowlands Shrub/Grag$-Drest. Eucalyptus
globoideaandE. longifoliaare the most common trees in this vegetation group
althoughCorymbia maculatandE. paniculataare also not infrequently found.
Shrubs includéllocasuarina litoralis Hibbertia asperaAcacia irrorata
Pittosporum revoluturandMacrozamia communisThe ground layer contains
grassegntolasia strictaMicrolaena stipoidesindPoa meionectess well as
Lepidosperma lateralandDianella caerulea This group is also found on the
slopes and ridges of coastal foothills, south ftbmlower Clyde catchment.
Once covering an estimated 18,900, it is 90% unettand 13% reserved.

» Group 3 — Northern Hinterland Shrub Dry Forest. ilVthis vegetation group
features neither Spotted Gum nor cycads, othereziesrof its composition
suggest placement in the Southern Lowland Wet Sgolsill Forest vegetation
group. Dominant tree species inclugigcalyptus scigE. paniculataandE.
agglomerata Syncarpia glomuliferas found throughout. Common shrubs are
Persoonia linearisAcacia obtusifoliaZieria arborescensndElaeocarpus
reticulatus Entolasia strictaDianella caeruleaandLepidosperma laterale
dominate the ground layer. Found west of Ulladikila vegetation group,
which has not been cleared, occupies 25,300 ha,of4®hich is reserved.

5.2.2 Probablerole of fire

So far as | am aware, no fire ecology researclyéabeen carried out in Southern
Lowland Wet Sclerophyll Forest. However researchimilar vegetation types
provides fairly clear guidance as to the role i&rékely to play, which is:

» To limit the expansion of species able to incrgagaulation numbers in the
absence of fire (T species — see Section 1.5 dinad) rainforest taxa and semi-
mesic, fauna-dispersed plants suclPé®sporum revoluturrElaeocarpus
reticulatusandCissus hypoglauca

» To maintain the understorey in a relatively oped grassy state, and

» To provide an environment conducive to the contihpesence of hard-leaved
species and those which recruit primarily aftez {irspecies).

Rainforest encroachment into wet sclerophyll forest been documented from North
Queensland to Tasmania. As Keith (2004) pointsrotits discussion of Southern
Warm Temperate Rainforests, where fire has notroeddor some time, or where fires
are very infrequent, rainforest species, with tlaitity to recruit into gaps, will slowly
move into the eucalypt understorey. This will aoawst rapidly in moist sites adjacent
to embedded rainforest patches. Conversely, fag sometimes penetrate rainforest
edges, and a series of fires in short successibaew eucalypt seedlings to establish.
The boundary between wet sclerophyll forest andfoagst is therefore influenced by
fire, and may move over time.

In North Queensland where wet sclerophyll forestuos as a narrow belt between
rainforest and savanna, rainforest encroachmetagrring so rapidly that a severe
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reduction or even a total loss is predicted withie next century (Unwin 1989,
Harrington and Sanderson 1994). This loss is n€em, as a number of animal and
bird species are at risk of local extinction if thet sclerophyll habitat disappears
(Chapman and Harrington 1997). In south-east Qalard an experimental study
comparing frequent burning to fire exclusion hasuwtoented increased recruitment of
the non-eucalypt Myrtaceous spedi@phostemon confertdSyncarpia glomulifera
in long unburnt wet sclerophyll forest (Guirgbal. 1999), while an increase in the
abundance of species suchLaphostemon confertandAlphitonia excelsaand a
decrease in grasses, has been niatedburnt forests and woodlands near Brisbane.
Again, concern has been expressed that the lagsedy habitat may be affecting fauna
species, particularly Pretty Face Wallabies (Kingt®97). In Springbrook National
Park near the NSW border ecological burns have besigated to save specimens of
the rare cycatlepidozamia peroffskyanahich appeared to be dying due to
colonisation by crowsnest ferns and vines from@ajarainforest.

In northern NSW, Smith and Guyer (1983) clearly dastrated the replacementtf
salignaandE. microcorydall eucalypt forest by rainforest east of Tentddi York
(1999), working on plots set up near Port Macquasi@art of a replicated experiment
comparing frequent burning to fire exclusion, fowayer of shrubs over 1 m tall was
greater on unburnt plots, while cover of groundokeand shrubs under 1 m was greater
on burnt plots. Plant species found only in unbpiats included several broad-leafed
shrubs and trees (Stewart 1999). After 30 yeatisowt fire a thick subcanopy of
Syncarpia glomuliferdnad developed, particularly in wetter areas, aadses had been
shaded out (Doug Binns pers. comm. 2005). Plaettiep richness was greater in burnt
plots; species unigue to this habitat included sgasforbs and sclerophyll shrubs
(Stewart 1999). Each environment housed a widgerai invertebrate species, many
of which were only found in one treatment or thieeot(York 1999, 2000; Andreet al.
2000).

Tasker (2002), who studied plants, small mammadsiavertebrates in wet sclerophyll
forest on the Tablelands south and east of Armj@dd® found big differences in
vegetation structure between sites with differamhing histories. Where shrubs and
small trees dominated the understorey in siteshwhaxd not been burnt for over 15
years, grasses dominated frequently burnt arelasit $pecies richness was higher in
burnt sites, where herbaceous species were partigwell-represented, while unburnt
areas supported more ferns, climbers, and smal tgarticularly ones with rainforest
affinities. As at Bulls Ground fauna compositiaried considerably between the two
environments, though species richness was simiBash ratsRattus fuscipgsoccurred
in much greater abundance in unburnt areas, angrBAmtechinus Antechinus
stuartii) also tended to favour these sites. However thpeeies were caught only on
the frequently burnt sites, and another mostlyeheand these were rarer species,
including the New Holland Mous®&g$eudomys novaeholland)eend the Hastings
River Mouse Pseudomys oral)lgTasker and Dickman 2004).

In Tasmania, wet sclerophyll forest occurs in arghsre climate and soils have the
potential to support rainforest. In the absenciref an understorey of rainforest plants
develops. Eventually, the eucalpyts die off leguime rainforest species to take
possession of the site (Section 5.1.2). Soils ghaturing this process (Ellis and
Pennington 1989), becoming less conducive to solsibspecies (Ellis and

Pennington 1992). Burning the rainforest undeest@ppears to restore eucalypt health
(Ellis et al.1980). The relationship between soils, time-sifieg-understorey
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composition and tree health is yet to be researoghB&W, and may or may not have
common ground with what happens in Tasmania (Whddéinsoret al. 2005).

The potential for rainforest plants to move inta welerophyll forest in the absence of
fire has thus been documented both to the northi@the south, of the NSW south
coast, making it likely that similar dynamics walbply in Southern Lowland Wet
Sclerophyll Forests in the absence of fire. Ie$ts elsewhere the move towards a
more mesic understorey is accompanied by a dectedmadance of herbaceous and
sclerophyll species. While some animals thrivéhimlong-unburnt environment, others
are only found where fire occurs regularly. Thisdings suggest that considerable
variability in fire regimes, including some quiteost intervals, may be important to
maintain the full range of plant and animal speaieset sclerophyll forests (Watson
2006).

According to Keith (2004:72), “Southern Lowland Waztlerophyll Forests do not
appear to have been greatly affected by land dealivestock grazing or fire.”
Descriptions of vegetation groups within this clpssvided by Gellie (2005) suggest
expansion of mesic species may be occurring, pdatily in vegetation group Group 21
whereSynoum glandulosurilaeocarpus reticulatuandCissus hypoglaucare
common (Section 5.2.1). In turn, Keith’'s commarggests these changes may be
linked to a relatively low fire frequency over reteecades.

5.2.3 Conclusion

Fire is likely to play an important role in maimaig a balance between mesic and
sclerophyll species, and between herbs and shirutig& understorey of Southern
Lowland Wet Sclerophyll Forests.

At present there is no compelling reason to questie DEC-recommended fire
frequency thresholds of 10 and 50 years. Rainfdhe section of the coast where
Southern Lowland Wet Sclerophyll Forests are foisnoderate (1055 mm at Bodalla,
912 mm a Narooma, according to the Bureau of Metegy 2005), suggesting any
transition towards a more mesic species compositilroccur on a moderate
timescale. Variable interfire intervals betweem &ad 50 years may well allow
mesophyll plants to persist in the landscape wstileproviding space and recruitment
opportunities for herbs and sclerophyll | species.

Research into the fire-related dynamics of Southemland Wet Sclerophyll Forests
would assist in refining fire frequency thresholddore information on the life history
characteristics of plants species, and studies aompareas with differing fire
histories could be particularly useful. Questiatsch might usefully be explored
include:

* How do sclerophyll species — particularly the i@otycads — fare under various
interfire intervals? Is there evidence that firay need to occur within a certain
time-frame in order to maintain the environmensthepecies need?

* How rapidly do T species population numbers expaBd?hese species shade
out, or otherwise outcompete smaller plants? ,lixdwat fire frequency range
will allow T species to persist in the communityilehalso maintaining
abundance of smaller species?
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» Do changes in soil conditions occur with time-sHfice? If so, are they also
apparent at differing fire frequencies? What retehip, if any, exists between
understorey floristics, soil properties and firginee?

* What fauna species are associated with the envieahoreated by various fire
frequencies? Are the Northern NSW findings thHerent fauna species use
different vegetation ‘states’ in wet sclerophylidst duplicated in Southern
Lowland Wet Sclerophyll Forest? If so, should @mation managers be
aiming to maintain a mosaic of different vegetatstaites, mediated by variable
fire frequencies, across the landscape?
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6 Conclusion

While the context within which fire affects plarsd animals in different vegetation
formations and classes varies, there is often camgnound in the processes involved.
Thus while the findings of research in one vegetatilass cannot be assumed to apply
to others in detail, broad principles may well siate.

The research reported in this review is patchyistridution, however taken together
holds a wealth of information for those seekingni@ximise conservation outcomes
through appropriate management of fire. Themeshvigpeatedly emerge include:

» The wide range of fire-related characteristics litéd by plant species in
particular fire-prone environments, and the difféne@ays populations interact
with, and persist through, a series of fires.

» The need to ensure fire regimes allow time for ppégoecies to mature —
particularly obligate seeder shrubs and trees.

» The role of fire in providing opportunities for pecies to recruit, and the need to
ensure fire occurs before these plants and thedssdie out.

* The role of fire in mediating competitive interacts between plant species of
different sizes and longevities, and between I'asgecies.

» The conservation benefits of variability in integfintervals.
» The conservation benefits of variability in firdensity.

» The ability of fauna to recover after even intefise given opportunities for
refuge and recolonisation.

» The presence of different suites of fauna specidgfarent times after fire,
reflecting changes in resource availability as vatj@en regenerates, matures and
ages.

* The importance, for many fauna species, of thealgagetation which
characterises the middle and/or later post-fires/ea

» The importance, for some fauna species, of thg stabes of post-fire
regeneration.

» The desirability, from a fauna conservation poiintiew, of a range of
vegetation age-classes and perhaps also of a ohfige frequency-mediated
vegetation states.

» The existence of interactions between plants aimdas which are influenced
by fire regime characteristics.

» The existence of interactions between topograpégetation and fire behaviour
which combine to provide habitat variability acrtiss landscape.

Many of these themes are reflected in the ecolbtheary discussed in Chapter 1 as
well as in the findings reported in Chapters 2.to 5

Differences in responses to fire regimes betwegetation formations, and between
classes within formations, relate to factors sushlinate, soil and topography that

affect plant growth, vegetation structure and fiedaviour. These factors interact in
ways we are only just starting to understand. éxample the role of fire in disrupting

69



competitive exclusion is likely to be most salienaireas with fertile soils (eg
grasslands on basalt, Section 3.1), and/or betignate (eg coastal forest and heath,
Sections 2.1 and 5.2). Where infertile soils, tamfall and harsh temperatures limit
plant growth, competitive exclusion is likely to less of an issue (eg Southern
Tableland Dry Sclerophyll Forests, Section 4.1janPgrowth will be faster in more
productive environments, however life-forms maydis larger, and both factors will
influence time to maturity and thus minimum intexfintervals. Fuel will build up

more rapidly in more productive environments, batyrbe available for burning less
often due to relatively high moisture levels. Tésgeking to encourage conservation-
friendly fire management need to acknowledge tlg$erences, and recognise that fire
regimes compatible with retention of plant and alispecies will therefore vary
widely.

In many places, fire will occur periodically as dfire. With climate change increasing
the incidence of days when extreme fire behaviawrlze expected (Hennessyal.
2005), the challenge in some places will be to Keafural’ fire frequency within
bounds. In other areas, however, vegetation retarieve been largely cut off from
wildfire, and may well remain so. If fire in theaeeas is to occur at intervals within
recommended thresholds, the challenge will bettodiuce some fire.

The diverse landscapes of south-eastern NSW iaviteanced understanding of fire
ecology. While there is still much to be learni@, current state of knowledge is
sufficient to provide considerable guidance to ngans. It is hoped that the ideas and
findings summarised here will contribute to prodeediscussion of the role of fire in
the Southern Rivers region.
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