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1. INTRODUCTION

Scope of this review

This literature review forms part of a suite of erals that Hotspots aims to produce in each CMA
region in which it works. While most Hotspots pucts are targeted to landholders, literature
reviews are directed towards a professional audientheir primary aim is to provide ecological
background to underpin and inform the messages tab@u that Hotspots and local NRM
practitioners present. A secondary aim is to offgratform for discussion and debate on the role
of fire in regional vegetation types. In both case hope the outcome will be more informed fire

management for biodiversity conservation.

This review considers literature relevant to a stib$ vegetation classes in the Hunter CMA region
of New South Wales (NSW). It aims to help land dinel managers not only to understand the
impacts of fire in the region, but also to placatthinderstanding in a wider ecological context.
Companion documents covering the Central West,Héont Rivers and Southern Rivers regions are
also available (Watson 2007, 2006 a, b).

Fire affects different plant and animal speciededintly, and fire regimes compatible with
biodiversity conservation vary widely between estegns (Bond 1997; Watson 2001; Bradstetk
al. 2002; Kennyet al. 2004). This document explores the role of fireha vegetation formations
of Keith (2004). All vegetation formations coveriedthis review are found in the Hunter Central
Rivers CMA. However the literature is limited fasrse vegetation formations and this is reflected
in this review. Fire is also of limited occurrenicemost wetland types (it can occur in Forested
Wetlands and peat fires are a major factor in seystems), therefore wetlands are also not
considered in this review. The broad vegetatiormitions of Keith (2004) can be further
subdivided into classes (Table 1). Where literapeanits, the fire ecology of classes that occur in

the CMA region are discussed (often there is modiure for a class or perhaps only one study).
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The guidelines — a word of caution

A recommended fire frequency range is providedefach formation where it is possible to make
recommendations. However, it is important to uniders that these frequencies represent broad
recommendations, based on the data that is awaildbdividual species (including threatened
species) and identified endangered ecological comities may require specific fire regimes and
this cannot be accurately assessed for theseesntitised on broad observations at the formation
and class level. It should also be kept in mindt tfire frequency is generally regarded as a
powerful influence on ecological processes. Howdiverintensity, season, patchiness, fire history
and a range of other factors interact to deterrtieempact of any given fire (see below). In some
instances other factors (e.g. system productivity)an interaction of factors determine system
biodiversity outcomes. This may include recent eospiblogical changes (e.g.. fragmentation
effects) so that fire produces differing outcome®uaigh time and space that go beyond predictions
based on vegetation type. Biodiversity patterns als® much simplified by classifications to
vegetation formations and classes. Despite theseplamations, fire is an important driver of
biodiversity in many systems in the HCR CMA and d¢hat must be managed. There is thus a

strong need for further research to fine tune geeaf fire management in the region.
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Before addressing the literature on specific veg®iaclasses, some ecological concepts and
principles underlying current understanding of fiegimes are explored. Fire-related attributes tha
vary between species are canvassed, along withngeraf concepts including disturbance,
succession, interspecific competition, productivatyd patch dynamics. These ideas provide a
framework which helps explain how fires have shapes landscape in the past, and how fire
management can best conserve the diversity of tise il the future. They thus give context to

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

Species responses to fire

Plant species differ in the way they respond te. fiFire-related characteristics or attributes Wwhic

vary between species include:
* Regeneration mode — the basic way in which a spaecovers after fire
* How seeds are stored and made available in thefippgnvironment
* When, relative to fire, new plants can establish
* Time taken to reach crucial life history stages.

Plant communities are made up of species with ietyaof fire-related attributes. These differences
mean plant species are differentially affected kffedent fire regimes; fire regimes therefore

influence community composition.

Regeneration modes

In a seminal article in 1981, Gill classified plamis “non-sprouters” or “sprouters”, on the basis o
whether mature plants subjected to 100% leaf scdielor survive fire. Most adults of sprouting

species, also calledésprouters, regrow from shoots after a fire. These shoots/roome from
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root suckers or rhizomes, from woody swellings ezallignotubers at the base of the plant, from
epicormic buds under bark on stems, or from aqtrefire buds (Gill 1981). Some resprouters,
i.e. those which regrow from root suckers or rhiegn{such as blady grass and bracken), can
increase vegetatively after a fire. However othesprouters cannot increase vegetatively, and
therefore need to establish new plants to maiqtaepulation numbers, as adults will eventually age

and die.

Non-sprouting species, oobligate seeders are plants that die when their leaves are alfcted

in a fire, and rely on regeneration from seed. §té seeder species generally produce more seed
(Lamontet al. 1998), and greater numbers of seedlings (Warkl. 1987; Benwell 1998) than
resprouters, and seedling growth rates tend to dwe mapid (Bell and Pate 1996; Benwell 1998;
Bell 2001).

These categories are not invariant. Survival ratethe field for both resprouters and obligate
seeders change with fire intensity (Morrison & R&k2000). Some species exhibit different

regeneration strategies in different environmeWtgliams et al. 1994; Benwell 1998; DEC 2002).

Seed storage and dispersal

Fire provides conditions conducive to seedling dhowShrubs, grass clumps, litter and sometimes
canopy cover are removed, allowing increased ligbetration to ground level and reducing
competition for water and nutrients (Williams & G11995; Morgan 1998a). For plant species to
take advantage of this opportunity, seeds neee tvhilable. There are several ways in which this

can be accomplished.

Some species hold their seeds in on-plant storaggns such as cones, and release them after a
fire. These ‘serotinous’ taxa include speciestia Proteaceae and Cupressaceae families, for
exampleBanksia Hakea and Callitris. Some eucalypts release seed in response tgNoble
1982; Gill 1997). The degree to which seed releglse occurs in the absence of fire varies
between species (Ladd 1988; Enrightl. 1998).
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A second group of species stores dormant seedseirsdil, with dormancy requirements which
ensure germination occurs mostly after fire. Hmamotes germination in many legumes (Seea
al. 1979; Auld & O’Connell 1991; Clarke 2000), while gke plays a role for other species (Dixon
et al. 1995; Rocheet al. 1998; Flemattiet al. 2004). Some taxa respond best to a combination of
these two fire-related cues (Morris 2000; Thomiaal. 2003).

A third strategy is to create seeds rapidly aftéireg through fire-cued flowering Xanthorrhoea
species are a well-known example of this phenomdhianrold 1979; McFarland 1990), however
shrubs such as the Crinkle Busbmatia silaifolia(Denham & Whelan 2000) and the Waratah
Telopea speciossim@Bradstock 1995) also flower almost exclusivelytie years after a fire.
Many grassland forbs (herbaceous plants which ateangrass, sedge or rush) exhibit this
characteristic (Lunt 1994).

Finally, some species rely to a greater or leszné on seed coming in from outside the burnt
area. This strategy is not common in very fireqgr@nvironments such as coastal heaths, where
seed dispersal distances seem to be limited toden®etres or less in most species (Auld 1986a;
Keith 1996; Hammillet al. 1998). However some wind and vertebrate-dispespedies do occur

in these environments; examples include plants fieshy fruits such a®ersooniaspecies and
some epacrids (e.gStypheliaand Leucopogonspp.). These species may have a different
relationship to fire cycles than do taxa whose sem@ not widely dispersed (French & Westoby
1996; Ooiet al.2006).

Recruitment relative to fire

Species also differ in when they establish newtplaglative to fire. For many species in fire-gron
environments, recruitment is confined to the imragglipost-fire period (Auld 1987b; Zammit &
Westoby 1987; Cowlingt al. 1990; Vaughton 1998; Keitét al. 2002a), although this may vary
between populations (Whelat al. 1998) and with post-fire age (Enright & Goldblum999.
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Some species, however, recruit readily in an urtbemaironment, and are therefore able to build up

population numbers as time goes by after a fire.

Life history stages

The time taken to complete various life stagesc#sf@a species’ ability to persist in a fire-prone
environment. Time from germination to death of laglants, time to reproductive maturity and,

for resprouters, time to fire tolerance are imparizriables, as is duration of seed viability.

The time from seed germination to reproductivelywma adult is known as a specieptimary
juvenile period’. Resprouting species also havesacondary juvenile period: the time taken for
vegetative regrowth to produce viable seed (Morrisbal. 1996). The length of these periods
differs between species, and may even differ withispecies, depending on location (Gill &
Bradstock 1992; Knox & Clarke 2004). Once flowerimas occurred, it may take additional years
before viable seed is produced, and even longactcomulate an adequate seedbank (Veéarkl.
1987; Bradstock & O’Connell 1988).

In resprouters, the primary juvenile period is nfteuch longer than the secondary juvenile period,
as well as being longer than the primary juvendeqa in equivalent obligate seeders (Keith 1996;
Benwell 1998). Resprouter seedlings are not imatelji fire tolerant: it may take many years

before lignotuber development or starch reservesaifficient to allow the young plant to survive a

fire (Bradstock & Myerscough 1988; Bell & Pate 1996

The length of time seed remains viable is anoth®yortant variable, but one about which not a
great deal is known. It is clear, however, thagceps vary greatly (Keith 1996). The seedbanks of
serotinous species are likely to be depleted moiekly than those of species with soil-stored seed,
although much variation exists even here (Gill &a@stock 1995; Morrisort al. 1996). Species
also vary in whether seedbanks are exhausted bngle sfire (either through germination or

destruction). Species which store seed in the panand species whose soil-stored seeds are
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relatively permeable (e.@revillea species; Morris 2000), are unlikely to retain sidaal store of
pre-fire seeds through the next interfire intervilowever some species, generally those with hard,
soil-stored seeds such as peas and wattles, retdile ungerminated seed through more than one
fire; Bossiaea laidlawianafrom south-west Western Australia, is an exam(@aristensen &

Kimber 1975). This gives these species a ‘hedgairest a second fire within the juvenile period.

Disturbance, succession and a paradigm shift

Disturbance and succession are basic conceptsoiogsc Advances in understanding of these
processes has informed several theories and madeth are useful for understanding the way

plant communities — groupings of species with défe fire-related attributes — respond to fire.

Fire is adisturbance. A disturbance can be defined as “any relatikycrete event in time that
removes organisms and opens up space which camlbeised by individuals of the same or
different species” (Begoet al. 1990). The concept encompasses recurring disewetets such as
storms, floods and fires, as well as on-going psees like grazing. Disturbance may stem from
natural phenomena or human activities (Hobbs & He&r 1992), and is ubiquitous throughout the

world’s ecosystems (Sousa 1984).

Successionfollows disturbance. This concept has been ddredt to ecologists since Clements
outlined what is now called ‘classical succession’1916. In classical succession “following a
disturbance, several assemblages of species psogrilgsoccupy a site, each giving way to its
successor until a community finally develops whiglable to reproduce itself indefinitely” (Noble
& Slatyer 1980). Implicit in this model is the @mlehat only the final, ‘climax’ community is in

equilibrium with the prevailing environment.

A popular metaphor for thigquilibrium paradigm is ‘the balance of nature’. Conservation

practice aligned with this model focuses on objeatlser than processes, concentrates on removing
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the natural world from human influence, and belgetleat desirable features will be maintained if
nature is left to take its course (Pickettal. 1992). Fire does not sit easily in the balanceattire
approach, which influenced attitudes to burninghlbio Australia and elsewhere, for many years.
For example, forester C.E. Lane-Poole argued t&rtheal Commission following the 1939 fires in
Victoria for total fire exclusion on the groundsttihis would enable natural succession to proceed

resulting in a less flammable forest (Griffiths 2p0

Over recent decades, however, a paradigm shifbéas underway. Drivers include the realisation
that multiple states are possible within the onmmainity (Westobyet al. 1989), as are multiple
successional pathways (Connell & Slatyer 1977). stMonportantly from a conservation
perspective, it has increasingly been recognised preriodic disturbance is often essential to
maintain diversity, allowing species which mighhetwise have been displaced to continue to

occur in a community (Connell 1978).

This non-equilibrium paradigm can be encapsulated by the phrase ‘the flux afreat Scaleis
important in this paradigm: equilibrium at a lanaise scale may be the product of a distribution of
statesor patchesin flux (Wu & Loucks 1995). Implications includelegitimate — or even vital —
role for people in ecosystem management, and asfoouhe conservation of processes rather than
objects. This doenot, of course,imply that all human-generated change is okayogsdmean
human beings must take responsibility for maintagrthe integrity of natural ecosystem processes
(Pickettet al. 1992; Partridge 2005). Fire fits much more conafol into the non-equilibrium

paradigm, where it takes its place as a procesgriatto many of the world’s ecosystems.

Theory into thresholds

The non-equilibrium paradigm forms the basis fanunber of theories and models which have
been used to inform an understanding of fire regirre Australia. These include thetal
attributes model of Noble and Slatyer (1980). It can also be usedefine disturbance frequency

domains compatible with maintenance of particulates of species. This model has recently been
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used to develop fire management guidelines for dreegetation types in NSW (Kenrst al.
2004).

The basic idea is that, to keep all species inmanconity, fire intervals should vary within a lower
and an upper threshold. Lower thresh@ds set to allow all species vulnerable to frequieatto
reach reproductive maturity, while upper threshads determined by the longevity of species
vulnerable to lack of burning. Species with simifeie-related characteristics are grouped into
functional types (Noble & Slatyer 1980; Keigh al. 2002b). The vulnerability of each group, and

of species within sensitive groups, can be assdbsedgh consideration of their ‘vital attributes’.

Functional types most sensitive gbort interfire intervals (high fire frequency) contain obligate
seeder species whose seed reserves are exhaustestiublgance. Populations of these species are
liable to local extinction if the interval betweéres is shorter than their primary juvenile period
(Noble & Slatyer 1980). The minimum interfire intal (lower threshold) to retain all species in a
particular vegetation type therefore needs to accodate the taxon in this category with the

longest juvenile period (DEC 2002).

Species whose establishment is keyed to fire (Nahtk Slatyer call these ‘I species’) are highly
sensitive tdong interfire intervals (infrequent fire): they are liable to local extiilon if fire does
not occur within the lifespan of established plaatsl/or seedbanks (Noble & Slatyer 1980). The
maximum interval (upper threshold) therefore ndedsccommodate the taxon in this category with
the shortest lifespan, seedbank included (DEC 2B@&jstock & Kenny 2003).

Data on plant life history attributes relevant &tting lower thresholds— regeneration modes and
juvenile periods — are much more readily availaiblan the information needed to sgtper
thresholds — longevity of adults and seeds. Keratyal. (2004) note the lack of quantitative data
on these latter attributes, and point out that essalt, upper thresholds in the NSW guidelines are
“largely based on assumptions and generalisatiand’are therefore surrounded by “considerable

uncertainty” (Kennyet al.2004). Work on these variables is an importask far the future. It can
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also be argued that upper thresholds need to amsal only the characteristics of individual plant

species, but also competitive interactions betvgpaties.

Competition and productivity

The effect of dominant heathland shrubs on othacisg has been recognised in Sydney’s
sandstone country (Keith & Bradstock 1994; TozerBfadstock 2002). When life history
characteristics alone are considered, a feasitdeffequency for the conservation of both these
dominant obligate seeders and understorey spegjEsaes to be 15-30 years. However under this
regime the dominant species form high-density #ti€kvhich reduce the survival and fecundity of
species in the understorey, an effect which cathesugh to the next post-fire generation. Similar
dynamics have been observed in other Australiathhrmammunities (Specht & Specht 1989; Bond
& Ladd 2001) and in South Africa’s heathy fynboo( 1980; Cowling & Gxaba 1990; Vlok &
Yeaton 2000). An understanding of this dynamic highlighted the need to include in heathland
fire regimes some intervals only slightly above theenile period of the dominant species, thus
reducing overstorey density for a period sufficiemtlllow understorey taxa to build up population
numbers before again being overshadowed (Bradstioak1995).

The competitive effect on understorey vegetatiory iha particularly profound where dominant
shrubs resprout (Bond & Ladd 2001). Unlike obkgaeeders, dominant resprouters will continue
to exert competitive pressure immediately afteire lby drawing on soil resources, and once their
cover is re-established, on light resources tobeifTpotential to outcompete smaller species in the
post-fire environment may therefore be considerabléese dynamics have been documented in
Western Sydney’s Cumberland Plain Woodland, whemesé thickets of the prickly resprouting
shrubBursaria spinosare associated with a reduced abundance of dthel species, particularly

obligate seeders (Watson 2005).
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Bursaria has the advantage of being able to recruit betwiges, whereas most sclerophyllous
(hard-leaved) shrub species recruit almost exabiygiafter a fire (Purdie & Slatyer 1976; Cowling
et al. 1990; Keithet al. 2002a). The vital attributes model explicitly idiéies species able to
recruit between fires — Noble and Slatyer call tH€rmapecies’ — and their propensity to dominate in
the absence of disturbance is also explicitly ngidable & Slatyer 1980). However to date little
emphasis has been placed on the role of T speties @etermining fire frequency guidelines. T
species are almost certainly more prevalent in seméronments than in others, for example in
rainforests, and conversely in arid areas whereuiteeent may be geared more to periods of
unusually high rainfall or flooding than to fire.

The importance of competition between plant spe@es thus the importance of disturbance to
disrupt competitive exclusion, is likely to vary ttvilandscape productivity,. A second non-
equilibrium paradigm offshoot, thdynamic equilibrium model (Huston 1979, 2003, 2004),
considers the interaction of productivity and disaince in mediating species diversity. In harsh
environments where productivity is low, interspecdompetition is unlikely to be great. Here, a-
biotic factors such as low rainfall, heavy frostelanfertile soils limit the number of plant spexie
able to grow, and also limit their growth ratesheTneed for disturbance to reduce competitive
superiority is therefore minimal. In fact, a higlisturbance frequency is predicted to reduce
diversity in these ecosystems, as organisms willimble to grow fast enough to recover between
disturbances. In highly productive, resource-ieivironments, however, competition is likely to
be much more intense, as many species can grohegetareas, and they grow quickly. Here,
diversity is predicted to decline where disturbarfoequency is low, as some species will
outcompete others, excluding them from the comrgunit

Landscape productivity, as defined by plant biomassan example, is likely to increase with
rainfall, temperature, season of rainfall — whex@fall and warm temperatures coincide, there is a
greater potential for plant growth — and soil féyti(clay soils are often more fertile than sandy
soils, however they also tend to support more leedtaas, and fewer shrub, species; Specht 1970;

Prober 1996; Clarke 2003). Relatively frequerg finay thus be more appropriate in wet, warm,
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productive fire-prone systems than in those whaedygtivity is limited by poor soils, low rainfall

or a short growing season.

This discussion brings us back to the concept ofession. South African fire ecologists Bastd

al. (2003, 2005) divide global vegetation types int@éhcategories:

« Climate-limited systems These communities are not prone to either mafarctural
change, nor to succeeding to another vegetatioa ityghe absence of fire, although fire
frequency may influence species composition to saxtent. In South Africa these
communities occur in arid environments, and alsargas nearer the coast where rainfall is

moderate but occurs in winter.

» Climate-limited but fire modified systems These vegetation types do not succeed to
another vegetation type in the absence of fire,their structure may alter from grassy to

shrubby. The Cumberland Plain Woodland descrilbedeafits into this category.

» Fire-limited. These vegetation types will succeed to a diffecemmunity in the absence
of fire. In South Africa, these communities ocauihigher rainfall areas, and include both

savannah and heath.

These three categories no doubt form a continulnMNSW, limitation by climate rather than fire
probably becomes more prevalent as average anainédll decreases. In some arid and semi-arid
environments, droughts and/or floods may complemermven replace fire as the primary natural
space-creating mechanism (Cunningham & Milthorp&6)9 Of course, climate and fire are
everywhere intertwined, with major fires occurrigigring months and years when vegetation dries
out with drought. Higher than average rainfall, however, is also intimagedgociated with fire in
arid and semi-arid areas, as in many places fitkonly spread when good seasons stimulate the
growth of grasses and herbs which become curedincous fuel when rains retreat (see Noble &
Grice 2002).
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Climate-limited but fire-modified systems can ocgnrat least two ‘states’, for example grassy
woodland andBursariadominated shrub thicket woodland on the Cumberl®hain (Watson
2005). Fire-limited vegetation types could also dzed to be able to exist in different states,
although the differences between them are so gneatthey are rarely thought about in this way.
For example, in north Queenslaritjcalyptus grandigrassywet sclerophyll forest is succeeding
to rainforest, probably due to a reduction in firequency and/or intensity (Unwin 1989;
Harrington & Sanderson 1994). However rainforestl arassy wet forest are not generally
considered as different states of a single vegetatype, but rather as two different types of
vegetation.

Patch dynamics

The examples in the last paragraph illustrate hgmadhic vegetation can be in relation to fire. In
some productive landscapes, variation in inteffitervals within broad thresholds, that is variatio

in time, may not be sufficient to maintain all ecosystdements. Variation ispacemay also be
needed to ensure all possible states, and thespdauct animals they support, are able to persist in
the landscape. Fire can mediate a landscapefefatit patches, whose location may change over
time.

For example recent studies in north-eastern NS\W¢anel that some forests in high rainfall areas on
moderately fertile soils can exist in more than state’. Relatively frequent fire — at intervals
between 2 and 5 years — is associated with opaisdapes in which a diverse flora of tussock
grasses, forbs and some shrubs thrives (Stewa@; I#sker 2002). Nearby areas which have
remained unburnt for periods over 15 or 20 yeappstt higher densities of some shrub and non-
eucalypt tree species, particularly those able ecruit between fires (Birk & Bridges 1989;
Henderson & Keith 2002). Each regime provides taatior an equally diverse, but substantially
different, array of invertebrates and small mamnfétek 1999, 2000a; Andrewt al. 2000; Bickel

& Tasker 2004; Tasker & Dickman 2004).
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The concept of ‘states’ provides options for theation and maintenance of habitat across space as
well as time. It can reduce conflict between thaé®m see the value in particular states (such as
grassy or shrubby vegetation in sub-tropical wétrsphyll forests), by pointing out the value of
each and the need for both. Of course, it alsesafuestions as to the proportion of each state th
may be desirable in the landscape, the scale oaicmysand various other factors. These questions

represent fertile ground for research and discassiduture.

2. Fire and climate change.

Climate change is a challenging example of the equitibrium paradigm in operation. Altered fire
regimes have been predicted over ensuing decadbsranconsidered to be one of the major
ecological management challenges for Australia (doet al 2009). This presents a significant
issue for fire ecologists who (like most ecologistave operated under an assumption of an overall
steady state (albeit with large variability) inefiregimes. Increasing fire frequency and intensity
have been predicted to lead to major fire driveiftsin vegetation patterns. There are, however, a
number of uncertainties around these predictioistly; it is by no means certain what (if any)
changes will occur. Bradstoat al (2008) report that the two major drivers of finee “fire
weather” (hot, dry conditions; ignition rates) afu@l load. Whilst increases in fire weather may
occur, drier conditions could lead to less fueltisat the direction and magnitude of fire regime
changes are by no means certain. Secondly, shiftsgetation in response to fire will be limited by
major habitat variables such as soil type (Wesi&bBurgman 2006) and more generally by the
overall suitability of adjacent areas (Keéghal 2008). Additionally, selection and adaptatioritia

face of altered fire regimes may occur (Skellyal 2007).
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Somerville (2009) describe the location, size, djgons and the broad vegetation (formations) that
occur in the Hunter Central Rivers CMA area (HCR AMThis comprises approximately
4,000,000 ha and extends from the Central Coastetdower north coast in the north to the top of
the Hunter Valley in the west and encompasses dal lgovernment areas. Two IBRA bioregions
are represented in the HCR CMA, the North CoastSyuhey Basin bioregions.

A vegetation classification scheme for the entirentdr Rivers CMA was produced in 2009
(Somerville 2009). This classification scheme retpgs 210 vegetation units. These vegetation
units are a fine scale delineation of the vegatatimmpared to the formations and classes which are
recognized for New South Wales (Keith 2004, Tal)le 1

Table 1.The Keith formations and classes represented bynthap units of Somerville (2009).
Vegetation Classes shown as present in the CMAvérg interpreted from descriptions and maps
in Keith (2004) and vegetation descriptions fronm®oville (2009). Vegetation classes absent from
the CMA are shown as ----- .

Keith Formation Keith Class Represented by
HCCREMS Unit
Rainforests Subtropical +
Northern Warm Temperate +
Southern Warm Temperate | = -----——-
Cool Temperate +
Dry +
Western Vine Thickets | = —omeeeee
Littoral Rainforests +
Oceanic | e
OceanicCloud |  ceeeeee
Wet Sclerophyll Forests | North Coast Wet Sclerophyll +
South Coast Wet Sclerophyll |~ —==eeeee
Northern Escarpment Wet +
Sclerophyll
Southern Escarpment Wet | ------
Sclerophyll
Northern Hinterland Wet +
Sclerophyll
Southern Lowland Wet |  --eeeee-
Sclerophyll
Northern Tableland Wet +
Sclerophyll
Southern Tableland Wet |  ----mme-
Sclerophyll
Montane Wet Sclerophyll |  -=--ee-
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Grassy Woodlands

Coastal Valley Grassy

Tableland Clay Grassy

New England Grassy

Southern Tableland Grassy

Subalpine

Western Slopes Grassy

Floodplain Transition

Grasslands

Maritime

Temperate Montane

Western Slopes

Riverine Plain

Semi-arid Floodplain

Dry Sclerophyll Forests

Clarence Dry Sclerophyll

Hunter-Macleay Dry Sclerophyll

Cumberland Dry Sclerophyll

Southern Hinterland Dry
Sclerophyll

Northern Gorge Dry Sclerophyll

Central Gorge Dry Sclerophyll

New England Dry Sclerophyll

North-west Slopes Dry
Sclerophyll

Upper Riverina Dry Sclerophyll

Pilliga Outwash Dry Sclerophyll

Coastal Dune Dry Sclerophyll

North Coast Dry Sclerophyll

Sydney Coastal Dry Sclerophyll

Sydney Hinterland Dry
Sclerophyll

Sydney Sand Flats Dry
Sclerophyll

South Coast Sands Dry
Sclerophyll

South East Dry Sclerophyll

Northern Wattle Dry Sclerophyll

Northern Escarpment Dry
Sclerophyll

Sydney Montane Dry Sclerophy|

Northern Tableland Dry
Sclerophyll

Southern Tableland Dry
Sclerophyll

Western Slopes Dry Sclerophyll

Yetman Dry Sclerophyll

Heathlands

Coastal Headland

Wallum Sand

Sydney Coastal

South Coast Heaths

Northern Montane Heaths

Sydney Montane Heaths

Southern Montane Heaths

Alpine Complex

Alpine Heaths

Alpine Fjaeldmarks

Alpine Herbfields

Alpine Bogs and Fens

Freshwater Wetlands

Coastal Heath Swamps

Montane Bogs and Fens

Coastal Freshwater Lagoons
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Montane Lakes

Inland Floodplain Swamps

Inland Floodplain Shrublands

Forested Wetlands

Coastal Swamp Forests

Coastal Floodplain Wetlands

Eastern Riverine Forests

Inland Riverine Forests

Saline Wetlands

Mangrove Swamps

Saltmarshes

Seagrass Meadows

Inland Saline Lakes

Semi-arid Woodlands

Inland Floodplain Woodlands

North-west Floodplain
Woodlands

Riverine Plain Woodlands

Brigalow Clay Plain Woodlands

North-west Alluvial Sand
Woodlands

Riverine Sandhill Woodlands

Inland Rocky Hill Woodlands

Subtropical Semi-arid
Woodlands

Western Peneplain Woodlands

Dune Mallee Woodlands

Sand Plain Mallee Woodlands

Semi-arid Sand Plain Woodland

Desert Woodlands

Arid Shrublands

Riverine Chenopod Shrublands

Aeolian Chenopod Shrublands

Gibber Chenopod Shrublands

North-west Plain Shrublands

Gibber Transition Shrublands

Stony Desert Mulga Shrublands|

Sand Plain Mulga Shrublands
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Somerville (2009) has included two grassland conitiasnin the classification of the vegetation of
the HCR CMA. These communities are Tdemeda australisdominated coastal headland
community (MU 162 - which would approximately ecuato the Endangered Ecological
Community Themeda grasslands on seacliffs and @ldasadlands in the NSW north coast, Sydney
basin and south east corner bioregions) amustrostipa aristiglumisdominated grassland on
basalt from the Merriwa Plateau. A number of othesampled grasslands may occur across the
study area; up to 13 are included as potentialstaad communities in the CMA (Somerville 2009).
This includes a number of “derived” grasslands. @esslands that have been created by human
activity). Despite an ongoing vegetation mappinggpam, some of these grasslands may remain
unmapped, but are none-the-less ecologically saamif. At least two threatened species known
from coastal areas appear to utilize derived rakd¥hemeda australigrasslands as primary
habitat (Bell & Driscoll 2004; Tierney 2008 — Fid. & 2). Roadside grasslands are highly
susceptible to disturbance and how fire interadtis these disturbances is an important issue.
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Fig. 1. The previously assumed extifiuris bracteataoccurs predominately in derived roadside
Themeda australigrasslands on plateaus of the Central Coast.

Fig. 2. The threateneRutidosis heterogamehich favours the unmapped derived grasslands on
roadsides and railway reserves of the Central CaadtHunter Valley as well as grasslands on

coastal seacliffs.

A substantial literature on the fire ecology of $paast Australian grasslands exists (e.g. Stuwe &
Parsons in 1977; Morgan 1995 a,b; Lunt 1995; Morg@@7; Lunt 1997a; Lunt & Morgan 1999;
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Verrier & Kirkpatrick 2005). This literature is Igely based on studies dihemeda australis
dominated grasslands from southern Victoria, Tasaand the southern New South Wales ranges
and slopes. However, grasslands do share a nunibmineistent ecological traits, even among
continents (see O’Connor 1991) and the fire ecolofthese southerfhemedagrasslands is
therefore an important body of literature.

A key feature of many grassland systems is that éne dynamic at relatively short time scales. In
studied VictorianThemeda australigrasslandsSrhemedagrows rapidly post-fire (Morgan 1996;
Lunt 1997d) to eliminate gaps amombemedaussocks within three years. The diversity of the
system is largely due to the diversity of forbst tii@w in these tussock gaps. When burnt, many of
the grassland forbs that exist in these tussocls gégo resprout and then flower at higher rates
(Lunt 1990; Lunt 1994; Morgan 1996). These spetliesn produce seed which is generally non-
dormant (Willis & Groves 1991; Lunt 1995; Lunt 199dorgan 1998, 1998) and they colonise
available gaps, provided post-fire conditions sashrainfall are favourable (Hitchmougt al.
1996; Morgan 19971998; 2001). Hence, Lunt and Morgan (1999) docursgmiificant vegetation
change in &hemedayrasslands after a 11 year fire free period (wkimtiesponds to a loss of forb

species and a predicted probable decline in thedoomant fraction of the seed bank).

These time since fire effects are also likely tteiact with the spatial scale of a fire becausel see
dispersal capacity may be a limiting factor for sospecies (Lunt & Morgan 1999a). Hence
completely unburnt sites (i.e. large sites compjetmburnt or small isolated long unburnt sites)
appear difficult to restore from the seed bank byntmg alone (Lunt & Morgan 1999a; Morgan
1999). These sites are likely to have exhausteddleel bank of non-dormant seeds. However, at
least some of the forb species in these grasslamgdoy a counter-intuitive life history strategy.
Rather than being small short lived highly dispersspecies, some employ a persistence strategy
(Bond & Midgley 2001). Seedling establishment appea be a relatively rare event in these
Themedagrasslands but it is generally associated with fMorgan 1998d: Morgan 2001). Thus,
life time fitness (total off-spring from an indiwdl) is related to survivorship through time to

maximize reproductive opportunity when a fire evecturs.

Frequent fire (intervals of a few years) thus appda be an important management goal to

maintain diversity in the studie@ihemedagrassland systems. However, the dominating role of
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Themedan these systems means that factors that affegeitsistence at a site are also important.
Watson (2005) in grassy woodland near Sydney fabatThemedadominated the ground layer in
sites burnt at least once a decade but not thtesewshich had more than 20 years between the last
two fires. Watson (2007) also reviewed literatwedevant to the health and persistence of
ThemedaThis review found that long-unburnt sites or siéth infrequent fire had lower densities
of Themedain both Australian grasslands and South Africamasaa compared to sites with
frequent burns (based on Robertson 1985; Clark8;200s et al. 2004, Fynnet al. 2005; Prober
and Thiele 2005)This difference was attributed to less self-shadimgpression of growth in burnt
sites (based on Bond 1997; Morgan & Lunt 1988 fact that fire removes mulch which otherwise
prevents seedling regeneration (based on Morgan& L999) and also that fire may provide seed
germination cues (based on Baxt¢rl. 1994; Wood 2001). Basic physiological differencesag
grass species (i.e. many lineages native to hdteavironments are “{grasses” and grow more
effectively in dry conditions than other 3@rasses”) may also contribute to different firsp@nses
among grass species. Thus Watson suggested thmatrisugrowing G grasses such dhemeda
use water more efficiently and have lower nutriegjuirements than all-season and winter-growing
Cs grasses likdlicrolaena stipoidesPoaandAustrodanthonispecies (Ojimat al. 1994; Nadolny

et al. 2003), and these characteristics may giyesjg&cies a competitive advantage in a frequently-
burnt environment (Fynat al.2003).”

Watson (2007) also found compelling evidence thatdompetitiveness dfthemedamay provide
resilience to the grassland systems it dominateslation to weed invasion. This evidence comes
from negative associations of weediness Witlemedabased on Morgan 1998d; Lunt & Morgan
1999b; Cole & Lunt 2005; Watson 2005) and also fretodies that have investigated nitrogen
levels and regulation in woodlands withifhemedadominated ground layer (Probet al. 2002b;
Proberet al. 2005). Regeneration dihemedacombined with high frequency fire may thus regailat
the elevated nutrient status of weed infested sites promote system resilience. However, there
needs to be some caution attached to its wides@gplication as other weed species may be well
equipped to take advantage of the ‘stable invasiondow’ provided by frequent fire (Morgan
1998d; Setterfielet al. 2005). Concerns that this might apply to perengiaks species with high
invasive potential such aBragrostis curvula(African Lovegrass)Nassella neesiangChilean
Needle Grass) and Serrated Tussddkssella trichotomg have been expressed (Stuwe 1994;
Nadolnyet al. 2003; Marshall & Miles 2005). Yet there are examspbdf results (Lunt & Morgan
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2000) and applications (Johnson 1999) of integratestegies that include fire in the management

of weed species in grassy systems.

Research has also investigated the effect of gyahinthese grasslands. Specifically some
researchers have investigated grazing impacts cempa vegetation removal and found that there
are differences among these treatments (e.g. Veri€irkpatrick 2005). More generally grazing
has been associated with a declineTlemeda(Prober & Thiele 1995; Chilcotet al. 1997;
Fensham 1998; Mcintyret al.2003; Dorrougtet al.2004).

An informative study by Probest al (2007) investigated the interaction of fire freqgay and
grazing (native grazers and mowing) in two conimgssystems (one with &hemeda australis
dominated ground layer and one witPaa sieberianalominated ground layer). Key conclusions
were that: 1.Themedawas resilient to 4 and 8 year fire frequencies dettlined with biennial
burning under drought conditions; Roa reduced in dominance (was replacedTinemeda with
high fire frequency; 3. Low frequency fire (up t ylears fire free) did not lead to sward collaplse o
Themeda(possibly because of increas&ba abundance), and; 4. Grazing exclusion lead to
increased tussock abundance and inflorescence girodu They concluded that a system with
mixed dominantsTThemedaandPog) is likely to have increased resilience in theefad varying

fire frequencies and grazing pressures.

The HCR CMA grasslands

Limited fire ecology research has been undertakestttly in the identified grasslands of the HCR
CMA (a Themeda australidominated coastal headland community anduastrostipa aristiglumis

dominated grassland on basalt from the MerriwaeRlat

1. Themeda coastal headland grassland

The Themedaoastal headland grassland is a naturally fragndeetgricted community comprising

a distinct set of species to those of other studiedmedagrasslands (Adanet al 1989). The

23 Nature Conservation Council NSW



ecology of this system is likely to differ subsiaity from the other well studiedhemeda
grasslands. These headland grasslands occur ed emsl frequently steep slopes that are subject to
strong salt laden winds and th&hemedaaustralis present may be genetically distinct

(www.environment.nsw.gov.au/determinations/ThemedaglandSeaclffsEndSplListing.itmBond (1997) has previously noted

that distinct forms offhemedado exist. Themedaon seacliffs is generally more compact in habit
and in these harsh conditions growth rates mayolerl Cohn (2004) studied the effects of
slashing and burning on these grasslands and feignificant differences in the effect of slashing
and burning on populations of the forbhesium australevhich grows among the grass tussocks. In
exposed headlands the applied treatments had ndicagt effect on the survival, density and
vigour of this forb. However, in protected siteg tineatments resulted in increased recruitment of
this species. It was concluded that exposed sitgs nequire less frequent fire events to maintain
diversity in the ground layer than protected sit8brub invasion is considered a threat to this

gI'aSS|andwww.environment.nsw.qov.au/determinations/Themedaé‘:‘andSeaclffsEndSpListinq.htrﬁlnd Cohn cites SUggEStEd

fire intervals of 2-10 years as appropriate to oedthe dominance of these shrubs. A number of
threatened species (iBiuris praecox Rutidosis heterogamahesium australeZieria prostratg
occur in these grasslands and any managed firaseshauld consider the effects on these species.
Generally, tussock growth rate will determine th&erof gap closure and this will depend on the
inherent growth rate of the species and the enmeorial conditions (soil type; grazing pressure;

rainfall etc.).

2. TheAustrostipa aristiglumislominated grassland on the Merriwa Plateau

Watson (2007) noted th&tustrodanthoniaand Austrostipaspecies can dominate on poorer soils
and that these systems of lower productivity mayuire less frequent fire (cited Stuwe 1994;
Johnson 1999; Kennet al. 2004). TheAustrostipa aristiglumisdominated grassland on the
Merriwa Plateau is reported to be on basalt (higtility at a high altitude). Therefore in this
system the appropriate fire frequency may not rezaédg be lower. Generally, in this system it
would be recommended that gap closure would inditt#t a fire event would increase recruitment
opportunities among tussocks. Factors such asetred of weed invasion, rainfall, season of burn

and grazing pressure will then influence the outeainthis burn.
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Other grasslands

Small frost hollows ofPoa sieberianamay occur in some areas across the HCR CMA. Regular
winter burning would generally be appropriate ftvede grasslands (e.g. see Tasker 2002).
However,Poamay persist without high fire frequencies (Probeal 2007) and these (4 to 8 years)

may favourThemeda

Derived grasslands frequently occur on roadsidesaa@ often maintained by roadside slashing. In
at least one site, this managed grassland can bsideved important habitat for threatened
grassland species (Tierney 2008). Generally thessskands will be maintained by regular slashing

(not fire) and the time of slashing should be cdeed in relation to the life-cycle of these spgcie

Conclusion

The findings outlined above have led to the conclim that:

1. Temperate grassland species are well able to @with frequent fire.

2. Fire or some other disturbance which removes binass of the dominant grass species is
essential if vigorous populations of forbs and lessompetitive grasses are to persist (Lunt and
Morgan 2002).

3. Frequent fire is important for plant recruitment. Fire ensures that two of the three
conditions for seedling establishment — gaps in thgrass canopy and seed availability — are
fulfilled. The third requirement, adequate moisture, may not be met after every fire, but it is
argued that with relatively frequent fire, seeds, gps and rainfall will coincide often enough to

maintain forb populations (Morgan 1998a).
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4. Relatively frequent fire is needed to ensure thEhemeda australisnatrix which

characterises many native temperate grasslands renms healthy.

In NSW, the statewide thresholds for interfire mds in grasslands are currently 2 and 10 years.
The upper threshold is based more upon recogndfothe need for periodic biomass removal
discussed above than on vital attributes data, whigs insufficiently detailed (Kenrst al. 2004).
Intervals as low as 1-3 years have been recommeimiédictoria’s productive basalt grasslands
(Morgan 1998a; Coatest al. 2006). Growth rates in the grass swards in Auestrostipa
aristiglumisdominated grassland on the Merriwa Plateau Bremedacoastal headland grasslands
under consideration here may be slower than tho#ieei Victorian lowlands. This means that gaps
betweenThemedaclumps may close more slowly, leaving more opputies for forb growth and
recruitment, and also thdthemedacollapse may be delayed. Ecologist John Briggsy Wwas
experimented with various interfire intervals imagslands around Canberra, suggests 5-8 year
intervals may be appropriate in southern tablelagrdsslands. However detailed work on the
endangered daisutidosis leptorrhynchoidg®8utton Wrinklewort), which is found in grasslands
in the Goulburn area (Eddgt al. 1998) has led Morgan (1997) to conclude that remnan
populations inThemedagrasslands “will need to be burnt at a maximun8-@fyear intervals to
ensure that large canopy gaps are regularly créatéa/our seedling recruitment and to minimize

deep shading that will disadvantage the standimpgiadion.”

Application to the HCR CMA grasslands

Fie frequencies towards the upper range of thaimetended for grasslands in New South Wales
would be recommended (5-10 years). This assumetatively slow growth rate of th€hemeda

swards which may be variable among sites. Whesatlned species are present (likely to occur on
seacliffs and some roadsides) detailed work shbeldndertaken to manage both disturbance and

fire. This recommendation would be altere@lfemedayrowth rates are faster than expected.
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Somerville (2009) has mapped 14 grassy woodlandstymap units 148 to 161) that equate to the
grassy woodland formation of Keith (2004). This luges a number of communities with
dominants or co-dominants in the upper strat&wéalyptus laevopineéSilvertop Stringybark -
upper Hunter Valley to Liverpool RangeE)calyptus blakely{Blakley’'s Red Gum - upper Hunter
Valley), Eucalyptus melliodoraand Eucalyptus albengYellow Box and White Box) from the
Merriwa PlateauEucalyptus pauciflorgSnow Gums) from elevated sites from the Barringtops

area andhllocasuarina leumannirom the central Hunter Valley.

A considerable body of fire ecology research noustexfor the Grassy Box Woodlands of the

western slopes and for Cumberland Plain Woodlaaoh fivestern Sydney. These woodlands are
structurally similar and share a number of spefiem the lower strata but have distinct tree

species Thus the research in Grassy Box Woodlands of thetame slopes directly relates to the

grassy woodlands of the HCR CMA and research frarmierland Plain Woodland is also highly

informative for the HCR CMA woodlands.

Keith (2004) presents both an extant and pre-ciganap of New South Wales vegetation. At this
state-wide scale these once widespread woodlarntdsh{wan as a contiguous vegetation band from
Queensland to Victoria) have been subject to tlghdst level of clearing of any vegetation
formation in New South Wales. The discontinuitytleeé Great Dividing Range in the upper Hunter
Valley supported a large area of this vegetatiat tonnected to the western slopes woodlands.
Remnants of these grassy woodlands are often hiyalymented and therefore have reduced
ecological function for fauna. This is particulaviell documented for woodland bird species (Reid
2000; Fordet al 2001). Fragmentation is likely to also affeciefiregimes and hence floristic
patterns (Hobbs & Hopkins 1990). Research to dappats that fire plays an important role in
regulating these woodlands and this implies thiatias once an important part of these woodlands
(Prober and Thiele 1993; Prober & Thiele 2005). oer, the extent of loss and change to these
woodlands means that appropriate fire regimes rieelde largely implied from experimental
studies.
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The Ground layer

In the last decade there has been extensive ecaloggsearch undertaken in the grassy box
woodlands of New South Wales. Much of this resedu@h concentrated on the ground layer and
this work has been reviewed for the grassland faonabove. This work has addressed the effects
of fire on species diversity, system resilienceesvivasion and the interaction of fire with gragin
The work strongly implies that: 1. fire interval§ © 2 — 10 years will generally be optimal for
maintaining diversity; 2. longer fire intervals Wavour particular grass tussock species (Bap
sieberiana in the ground layer (rather tharhemeda austral)s 3. diversity in the grass species
present may help buffer the ground layer againgdnavasion; 4. increased nitrogen levels (e.qg.
associated with grazing) lead to a decline in trgtesn (including declines in the grass species that
underpin the system - Probetral. 2002b; Probeet al. 2005); and 5. removal of cover (artificially)
can act in a similar manner to fire, however, grgas also associated with other changes to the

system and is not an ecological replacement fer fir

The question remains: Does the ground layer insgragoodlands (which is floristically very
similar to the grass / forb layer in grasslandstie slopes and Victorian plains) differ in its
ecological response to fire from grasslands? Adawdies have investigated the effects of tree and
shrub cover on the ground layer of woodlands oemwotelated systems. In African savanna, for
example, tree clearing can lead to undesired shifthe grass composition of the ground layer
(Barnes 1979). Given that tree loss from the grassydlands has been ongoing until at least the
recent past (Fisher & Harris 1999), this is anésguconsider in these woodland systems. Géibs
al. (1999) studied tree and grass interactions orNihe England Tablelands and found evidence
that the dominant treducalyptus laevopinedad an association witlPoa sieberianaand
Microlaena stipoides The deep-rooted summer growirfristida ramosa in contrast, was
considered to be favoured away from tree canopielsraot zones. This suggests tAi&emeda
(also a summer growing grass) may be favoured dweay tree canopies. This was confirmed in
the study of Probeet al (2002a) in whichThemedadominated in gaps arfdoadominated under
tree canopy in box woodland. Watson (2005) alssdosignificant differences in grass and forb
species composition among open patches, patchesdatees and patches undarmrsaria bushes

in Cumberland Plain Woodland. Similar interacti@mong ground layer species and shrubs have
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been found in other systems and nutrient pattenaer relations, herbivory levels and seed

distributions are associated with these patterigs Facelli & Temby 2002).

Because overstorey cover and fire can both infleegass dominance there are likely to be
complex interactions of tree and shrub cover with &nd the ground layer. For example, tree cover
may favourPoawhich appears to be more resilient to longer ifiterperiods. Tree cover in grassy
box woodlands was also associated with higher spedchness. This could relate to altered
nutrient status, water status or changes in thedsstaucture (i.e. recruitment opportunity) buisit
also likely these factors interact. Watson (200®) kot find increased species richness under
canopies in Cumberland Plain Woodland. It is likislgit differences in the ground layer may result
from differing interactions among vegetation layarsl differing historical patterns of cover and

fire.

Tree cover

Inferring pre-European vegetation patterns canrbblematic because early records of vegetation
patterns post-settlement are frequently biased @egson & Redpath 1997). However, there is
evidence that the woodlands of eastern Australéh ediist in conjunction with large treeless
grassland areas before European settlement (Gol@inBpwie 1990; Croftet al 1997). Since
settlement there has been a general reductioreendover in these woodlands (Prober & Brown
1994; Windsor 1999), but the pattern is not coesisacross all areas (Fisher & Harris 1999). Much
of this loss of trees from the landscape can becested with agricultural activities (Fisher &
Harris 1999). Few studies directly investigate ¢fffect of fire on the trees of box woodlands (but
see Windsor 2000). However, given the dominatings@nce ofEucalyptus melliodoraand
Eucalyptus albengYellow Box and White Box) in these woodlands, ersfanding the fire ecology
of these species is a critical component to undedstg the effects of fire on the tree layer. Tikis
particularly so given that the regeneration stiate@f eucalypts in general are well understood
(e.g. Nicolle 2006) and that there are both conedpie.g. Noble & Slatyer 1990) and population
models (e.g. McCarthgt al. 1999; Tierney 2004) of species that provide alguo the effects of

fire on species with differing reproductive attribs. The key attributes that determine the response
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of eucalypts to fire are: 1) resprouting capacibgtgiire; 2) seed production (time to reproductive
maturity; seed set changes in response to fire3e8jl longevity (as aerial or soil seed banks); 4)
seed dormancy (and dormancy break cues), ande8)iisg establishment, survival and maturation

rates.

Eucalyptus melliodoras recorded as being a resprouting species (DE@R)2Gand whilst the
resprouting capacity dE. albensis not documented, it is likely to also be a resing species.
Additionally, seed characteristics of the eucalygte generally considered consistent within the
group. Eucalypt seed generally lacks dormancy (&&&immer 1958; Langkamp 1987) and does
not form persistent soil seed banks (Ashton 1978hds and Bell 1986; Myerscough 1998; Read
al. 2000; Hill & French 2003) although some aerial sstdage does occur (House 1997). Eucalypt
seed also has morphological features associatdd Wt dispersal capacity (small size; high
density; no dispersal appendages — see van der98j) and related species with these features do
have limited dispersal abilities (Tierney 2003).tBése attributes, the capacity to resprout post-fi
is perhaps the major driver of eucalypt fire regmonYateset al (2007) modelled population
persistence in the rare Myrtaceous spediegticordia staminosaand found that adult survival
contributed the most to long-term population péesise. Similarly Eucalyptus caesiaopulations
appear to be most buffered from decline becausesitecies resprouts (Yatesal 2003). These
species occur in vegetation with an open structliftee coastal woodland speciémgophora
inopina is another resprouting species from the Myrtacéa¢ has been modelled to be highly
resilient to altered fire frequencies in the shortmedium term (Tierney 2004). In contrast to the
general trend for resprouting amongst woodland lgpts a number of forest eucalypts are seeder
species and allocate more resource to growth thatotage: this life-history strategy may be less

successful in open woodland systems (see Bond &Meyd2001 and references therein).

Over the long-term, loss of trees from woodlandy mecur, even for resprouting species (Bowen
& Pate 1993). Recruitment events are requiredrée teplacement. A number of key attributes can
be postulated as likely to affect recruitment opyaity (e.g. gaps in the ground layer; competition
with other species such as weeds; favourable weath@litions — rainfall for seedlings). Watson

(2007) reviewed the triggers for eucalypt estalotisht in woodlands and noted the following: 1)
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fire has been associated with enhanced recruitogmbrtunities (Semple & Koen 2001; &t al.
2003, Hill & French 2004); 2) recruitment may omlgcur where the ground layer has low cover
(Curtis 1990; Semple & Koen 2003; 3) fire that kilome adult trees may enhance recruitment
opportunity (Wellington & Noble 1985); 4) fire caanhance seedbed conditions for recruitment
(Clarke & Davison 2001); 5) fire can trigger suiiot seed release to cause ‘predator satiation’ of
ants (Andersen 1988; Florence 1996); and 6) reumrit may be episodic depending on the
interaction of factors that affect it (Wellingtonioble 1985; Curtis 1990; Clarke 2000).

High mortality in the juvenile (seedling) stageaideature of many tree species across a range of
ecosystems, including eucalypts (Henry & Floren@&6l Wellington & Noble 1985; Clarke 2002).
Eucalypt seedlings that do survive probably are tiderant within about seven years (e.g. Aetid

al. 1993) and many species that grow in fire-prorstesys will have developed a lignotuber within
this timeframe (Semple & Koen 2001; Clarke 2002)e§e may, however, persist as seedlings for
years (Noble 1984). Growth rates of tree seedloagsbe highly variable in woodland systems (e.g.
Fordyceet al 2000; Tierney 2004). However, under optimal ctods many species probably
grow quickly from a suppressed state (e.g. For@yead 2000; Florence 1996). High fire frequency

is one factor that can suppress the progressipfaafs into adult stages (Willianes al. 1999).

In sum, woodland tree species that can resproutikely to be resilient to variations in the fire
regime in the short to medium (decades) term. Qumager timescales recruitment events need to
occur to replace trees lost from the landscapeu@tdayer condition (low sward density; low
levels of weed competition) and variations in raihfgrazing pressure, soil conditions (e.g. nuitrie
levels) and seed production levels will interactdietermine seedling establishment and growth
rates. Management actions which may enhance oppiees for eucalypt establishment include
restricting grazing and reducing the density oftexgrasses and herbs above and below ground
(Windsor 1999; Semple & Koen 2003). Very long-teimra exclusion may also cause a decline in
woodland eucalypt populations (Withers & Ashton 79Zunt 1998b). In the CPW study reported
above (Watson 2005), fire frequency did not sigaifitly affect either adult tree density, adult tree

basal area, or the density of suppressed seedimggplings
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Shrubs

Although shrubs are not prominent in White Box waods, they do occur, particularly in less
fertile sites (Prober 1996; Semple 1997). The irtggwe of fire in the life-cycle of shrubs in at
least some temperate woodlands is apparent froraxparimental study of fire and grazing in
Cumberland Plain Woodland. Hill and French (20f&ind both species richness and abundance
of shrubs was significantly greater in plots buff®@ months earlier, whether by planned or
unplanned fire, than in unburnt plots. Similardiimys have been obtained in grassy woodlands on
the northern tablelands (Knox & Clarke 2006a).

More recently, a survey in nine CPW remnants witfedng fire histories found a high abundance
of Bursaria spinosdn sites where fire frequency was low (these dited been unburnt for at least
20 years prior to a recent fire), to the point veh#ris species dominated much of the landscape.
This finding accords with those from productive ggy ecosystems around the world, where
increases in the density of woody plants in theeabs of fire have been observed (Lunt 1998a,b;
Roqueset al. 2001; Allanet al 2002; Bondet al. 2005). Patterns for native shrubs other than
Bursaria, however, were different: these shrubs were mbrmdant in sites burnt once or twice a
decade than in either low, or high, fire frequesidgs. Obligate seeder shrubs were particularly
influenced by fire cycles: the abundance of thgmxiges was lowest in sites whose last interfire

interval had been over 20 years, and highest wirer&equency was moderate (Watson 2005).

The relatively low abundance of obligate seedengeny frequently burnt sites is easily explained:
if a second fire occurs before these species hawerng sufficiently to set seed, then only
ungerminated seed from before the first fire wél dvailable to keep them in the community. The
low abundance of obligate seeder shrubs in lowffequency sites probably owes something to
competition fromBursaria, which resprouts vigorously after a fire and tisug a good position to
capture resources in the post-fire environment.ligate seeder shrubs on the Cumberland Plain
may also decline in long unburnt areas becauseateyot particularly long-lived, with soil-stored
seed which eventually decays if fire-related geation cues are absent. A moderate fire frequency

allows these shrubs to increase population nunthessgh prolific germination.

33 Nature Conservation Council NSW



How relevant are these CPW findings to woodlands dhe HCR CMA? The literature suggests
that native shrub abundance in these woodlandseigrglly low irrespective of fire regime:
competition from abundant grasses may be the pyimantrol (Semple 1997).Bursaria may
thicken up in some places in the absence of fireecent survey by DEC (2006) on the eastern edge
of the central west slopes foulBlrsaria thickets in one vegetation community allocatedhe
Western Slopes Grassy Woodland class (CaperteehRmargged Apple — Regum — Yellow Box
Grassy Woodland, DEC 2006). Where this is the ,clise frequency may regulate the balance
between shrubby and open patches, as it does dduitmerland Plain. Some sclerophyll species,
particularly peas (e.dndigofera australisPultenaeaspp.) and some wattles, may respond to fire in
a similar manner to the CPW obligate seedershi#f is so, the absence of these species in long
unburnt remnants may partially reflect lack of fistated recruitment opportunities. However
many of the native shrub species of the westepeslonay use strategies for persistence which are
relatively independent of fire. Shrubs whose sem#@sdistributed by higher animals (e.g. shrubs
with fleshy fruits like Lissanthe strigosaPersooniaspecies, and perhaps also some wattles), or
wind (e.g. daisy bushes, dogwoods), are often @béstablish in the absence of fire (Campbell &
Clarke 2006; Ooet al.2006). The majority of shrubs found in Westernp8k Grassy Woodlands

may fall into this category.

One native shrub species which has been very ssfot@s building up its population in the Central
West isCassinia arcuataor Sifton Bush (Semple 1990). Semple (1990)elvel a major factor in
the relatively recent prolific spread of this shigbdecreased competition from native grasses — a
function of changed grazing regimes, and perhapsnstarily, in the case of woodlands once
dominated byrhemedaof reduced fire frequency. Loss of overstoreyecanay also play a role
(Semple 1990; Sue Wakefield, pers. comm. 2007hoatth Sifton Bush can be found in
considerable abundance even where the tree casaptact (Bower 2005). Sifton Bush produces
copious seeds, which germinate readily with no sifja need for fire-related germination cues.
These characteristics give it a formidable strateggny environment which provides conditions

conducive to seedling establishment.

34 Nature Conservation Council NSW



Might fire be a useful tool in the control of Siftush? Semple and Koen (1993) explored this
guestion through a series of experiments on thkeltaits near Orange. They found that fire,
particularly hot fire, was quite effective at kil existing Sifton Bush plants. Unfortunately,ythe
also recorded extensive post-fire germination e hkost native obligate seeder shrubs Sifton Bush
has an effective strategy to stick around in apim@ene environment. Semple and Koen (1993)
regretfully concluded that “As a control techniquefire is of limited use unless followed up by

some technique to control seedlings.”

It is possible that in some situations, additiobatns might constitute an effective method to
control post-fire Sifton Bush seedlings. However thus strategy to work, subsequent fires would
need to take place before the new seedlings readpedductive maturity (Semple 1990). This
apparently takes about two years (Parsons 1978 rit&emple & Koen 1993), a relatively short
juvenile period. As noted in Section 2.2.2, repddiiennial burning may produce negative impacts
on other ecosystem elements. However this traflerigiht be worthwhile in circumstances where
dominance of Sifton Bush is causing problems fodhiersity, particularly if only one or two short
intervals were applied followed by a more moderaggme. A second or third fire would only be
possible where sufficient grass fuel had developBttategies to encourage native tussock grasses

such asThemeda australimight assist here.

Weeds

Fire may have a part to play in limiting weeds,batoody shrubs such as African Boxthorne,
Blackberry, Hawthorne and Sweet Briar, and herbasespecies. In CPW, African Oliv®lea
europaeasubsp.cuspidatd is a major invasive woody exotic. Recently, \Richteret al. (2005)
showed that fire has helped control Olive in ond\Ciemnant, by killing young plants before they
became large enough to survive a burn — which thegd took around six to eight years. These
findings were reinforced by Watson (2005), who emtered considerably more woody exotics in
low fire frequency sites than in areas which hadhbat least once a decade. Very frequently burnt

sites in this study had virtually no woody exoticQlive can recruit between fires, an attribute
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which probably characterises some other exotic wawekeds as well. Often seeds of these species

are brought in to remnant native vegetation patblydsirds, and establish below trees.

The situation with fire and herbaceous weeds caedlifor grasslands is also likely to apply in
temperate grassy woodlands. An experimental sindyegraded grassy woodland near Young
(Proberet al. 2004) concluded that fire had the potential tosissith the control of some weeds;
the tree species in this woodland werealbensE. melliodoraandE. blakelyi Two spring burns a
year apart dramatically reduced the abundance oficecannual grasses, although perennial and
dicot annual exotics weren't generally affectech Qumberland Plain Woodland Watson (2005)
found significantly fewer herbaceous weed speaiegery frequently burnt areas than where fire
frequency had been low. There was a significagatiee association, at a small scale, between the
abundance offhemeda australi@nd the species richness and abundance of exatits:hmore
Themeda less weeds. Again these results echo those fraassiands and grassy woodlands
elsewhere. Post-fire weed control strategies larelkely to be beneficial.

Fauna

Research into the effects of fire in Western Slopesssy Woodlands has not, in general, extended
to fauna. An exception is a study by Greensla@87Linto the effects on invertebrates of a single
burn after a very long period without fire, in exipgental White Box woodland plots near Cowra.
Although invertebrate numbers were lower on burhdtsp immediately post-fire, differences
disappeared within six months. Community composjtibowever, was somewhat different on
burnt and unburnt plots, with some species respon@bsitively to fire and others being more
abundant in unburnt areas. Most invertebrateshia study were Collembola (springtails).
Although fire wasn’t a major influence on the intedarate community, there were large differences

between samples taken in spring and autumn, prpllalg to differences in rainfall.

An important consideration for these woodland$iesdramatic decline in woodland birds from this

landscape (Reid 2000; Foed al 2001). Fragmentation is considered a key drivehis decline
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and loss of trees and shrubs from the landscapehwdantributes to further fragmentation should
be avoided. Many of the bird species in decliruie either structurally complex habitat or have
specific foraging requirements which only persistlarger remnants with intact tree and shrub
layers. Frequent fire may reduce these values. weder Hannahet al. (2007), who report a

significant positive association between recencfirefand the abundance of a number of woodland
bird species in Central Queensland, recommendaseckfire frequency in that grazed, fragmented

eucalypt woodland landscape.

Conclusion

The studies outlined above strongly suggest that ies an important place in Western Slopes
Grassy Woodlands. Fire regulates the abundantieedfvo grasses that originally dominated this
vegetation class, provides opportunities for heat smoke-cued shrubs and grasses to recruit, may
help young eucalypts to establish and grow, and glag a part in limiting and reducing the

abundance of weeds.

In a recent article Prober and Thiele (2005) btoggther what they have learnt from over a decade
of research into grassy white box woodlands, arsdusis implications for managers seeking to
restore them. These authors point out the impoetafidooking beyond species composition to an

understanding of how ecosystems work. They recamimenderstanding the state before

degradation, the reasons for ecosystem changeth@ngrocesses which can be used to restore
ecosystem function. Fire is one of a suite oftsgi@s which can be used to restore the low
nutrient, Themeda and Poa-dominated woodlands which are likely to favour watbver exotic

species.

How often should fire occur in this vegetation typeKennyet al. (2004) recommend a fire
frequency of between 5 and 40 years for grassy lmoddecosystems across NSW. Plants in
Western Slopes Grassy Woodlands, with their moderanfall and moderately fertile soils, are

unlikely to grow as fast as their counterparts toen Cumberland Plain where rainfall is higher, nor
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as slowly as plants in grassy woodlands at higtud# where temperatures are cooler. Intervals in
the lower half of the statewide range may well picel the best biodiversity outcomes in this
vegetation class. As we have seen, Prebai. (tentatively) suggest fires at 5-8 year intervatsym

be compatible with maintaining a balance betweerdttminant grasses.

Application to the HCR CMA grassy woodlands

1. Eucalyptus melliodoraand Eucalyptus albengYellow Box and White Box) from the Merriwa
Plateau.

These woodlands are part of the grassy box woodlahthe western slopes that have been subject
to intensive research over the last 15 years. Pethal. (2007) stress the important regulatory role
of fire in these woodlands and a fire frequencyb« years would generally be recommended for
these woodlands. These guidelines would be modibgdgrazing which may decrease the
dominance ofThemedaover forb species and intervals of up to 15 yeaay be appropriate in

some circumstances.

2. Eucalyptus laevopineawoodlands (Silvertop Stringybark - upper Hunter Valley to

Liverpool Ranges).

Somerville (2009) have mapped a number of woodladnois the upper Hunter Valley to the
Liverpool Ranges that includeucalyptus laevopineas a prominent tree, shrubs suclBassaria
spinosa Cassinia quiquefariaandPittosporum undulatunand a ground layer typically containing
Microlaena stipoidesEchinopogon ovatysAristida ramosaand Poa sieberianamap units 148-
151). The eucalypts present in these woodlandslikely to be resistant to the fire that this
vegetation would generally support (ground fireerevf reasonably frequent). This tree cover
interacts with the grass layer so that summer grgwiristida ramosais favoured in open sites

while Microlaena stipoidesandPoa siberianaare favored by tree cover (Gibbsal 1999). This

38 Nature Conservation Council NSW



may have as strong an influence on ground layemamiycs as any variations to fire regime.
However, it is suggested that the productivityledge grasses in these woodlands is unlikely to be
greater than that found forhemeda australisn other woodlands, although the ground layer
dynamics in relation to fire have not been deteedinFire intervals of 5-10 years are likely to
provide opportunity for forbs to persist in the gnad layer.

The shrubsBursaria spinosaCassinia quinquefariaand Pittosporum undulatunmay potentially
grow to form a dominant thicket that reduces theugd layer diversity of these woodlands. The
low abundance of obligate seeder shrubs in lowffe@gguency sites may be due to competition from
Bursaria, which resprouts vigorously after a fire and tigig1 a good position to capture resources
in the post-fire environment. However, the literatsuggests that native shrub abundance in these
woodlands is generally low irrespective of fireireg: competition from abundant grasses may be
the primary control (Semple 1997Rursariamay thicken up in some places in the absenceef fi

A recent survey by DEC (2006) on the eastern edgeheo central west slopes fouRlrsaria
thickets in one vegetation community allocated lie Western Slopes Grassy Woodland class
(Capertee Rough-barked Apple — Regum — Yellow Boxs&y Woodland, DEC 2006). Where this

is the case, fire frequency may regulate the baléetween shrubby and open patches, as it does on
the Cumberland Plain. Some sclerophyll speciesticpéarly peas (e.gindigofera australis
Pultenaeaspp.) and some wattles, may respond to fire iim#as manner to the Cumberland Plain
obligate seeders. If this is so, the absenceeadetlspecies in long unburnt remnants may partially
reflect lack of fire-related recruitment opportuest Converselyittosporum undulaturis a shrub
species found in these woodlands which has beemdftmi be dominant with low fire frequency
elsewhere (McDonaldt al. 2003). This species is killed by fire and therefocan be controlled with

a fire frequency less than its juvenile period. &thits growth rate and juvenile period in
woodlands is not recorded, observations elsewheggest that it should require ~ 5 years to reach
maturity (D. Tierney — pers. obs.pimilarly, Cassinia arcuata(Sifton Bush) may partly be

regulated by fire in these woodlands (Semple 1990).

It is also true that many of the native shrub speaf the western slopes may use strategies for
persistence which are relatively independent @f. fiShrubs whose seeds are distributed by higher

animals (e.g. shrubs with fleshy fruits likessanthe strigosaPersooniaspecies, and perhaps also
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some wattles), or wind (e.g. daisy bushes, dogwe@de often able to establish in the absence of
fire (Campbell & Clarke 2006; Oeit al. 2006).

Fire frequencies within the range of 5-10 years likely to be generally appropriate for these

woodlands. However, Knox and Clarke (2004) repuat shrub species of the tablelands appear to
have long juvenile periods relative to studies frother regions and to preserve the shrub layer
recommend intervals of greater than 8 years. Isuggested that intervals > 8 years may be

appropriate for sites where the shrub layer nemthe tmaintained.

3. Eucalyptus blakelyiBlakley’s Red Gum - upper Hunter Valley)

Eucalyptus blakelyhas been the subject of studies byetLial. (2003) which showed increased
seedling survival growth rates with fire. ClarkeD@2) found thatE. blakelyi (and Eucalyptus
melliodorg seedlings that survived over a five year periad kieveloped lignotubers. Similarly
Semple and Koen (2001) report lignotuber resprgugiost-fire in both these species. In general,
these woodlands (like theucalyptus laevopineaoodland} also have eucalypts that are likely to
be resistant to fire intervals of more than aboyears. There is however a shrubby understorey of
Melaleuca and Acacia reported in these woodlands that would generallyfdvmured by fire
frequencies greater than ~ 8 years (Knox & ClaB@42 up to about 15 years. Although it is not
possible to be precise, fire regimes within thesgges are likely to be favourable. The relatively
more dominant shrub layer reported for these wowmtiiashould be protected by fire interval > 8

years.

4. Eucalyptus pauciflora(Snow Gums) in elevated sites from the Barrington dps area.

Research in the alpine area of Australia has fduigtl levels of resprouting in tree, shrub and
ground layer specig®ahrenet al 1999) includingeucalyptus pauciflordLeigh & Noble 1981).
Australian alpine grass species in the gelRoa have also been found to resprout and flower in

response to fire within 12 months (Wahretnal. 1999). However, the effects of fire on the shrub
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layer are not well known. Species suchfasmannia purpurasceradOlearia oppositifoliaoccur
in this layer.Olearia oppositifoliahas been recorded as a basal resprouter withatbreeruitment
post-fire, as have somie@asmanniaspecies (Campbell & Clarke 2006). Oligate seedexg well be
comparatively rare in this vegetation, howevers ttémains undetermined. Thus there is some

uncertainty about fire intervals for this vegetatio

5. Allocasuarina leumanniiwoodland from the central Hunter Valley.

The Allocasuarina leumanniwoodland from the central Hunter Valley belongstite Coastal
Valley Grassy Woodland class. However, this woodlanrecorded as having a dominant layer of
Allocasuarina leumanniwith few other shrubs over a predominately gragsyund layer with
scattered emergerniEucalyptus crebaand Eucalyptus moluccangSomerville 2009). A key
consideration for this vegetation type is the figsmamics of theAllocasuarina leumannishrub
layer. The importance of fire in regulating theuhtayer is emphasized by the study of Watson
(2005) in Cumberland Plain Woodland @&ursaria spinosa (see above summary). Watson

concluded thaBursaria spinosédas the capacity to dominant a site in the absehfiee.

Allocasuarina leumannihas been reported to be a species that can fonsedhickets in the
absence of fire (A. Deane pers. comm. 2005). Aigiothis is an observation from the central west
of New South Wales, it is likely to be also relevemnthe HCR CMA. The question remains open as
to the extent to which this vegetation representslatively recent change in fire regime in recent
decades. Fire interval of > 30 years are likelyrdtain large areas dillocasuarina leumannii
understory. More frequent fire may reduce the damée of this species, increase the diversity of
grasses and forbs and encourage recruitment ohard/seeded species that have persisted in the
seedbank.
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Somerville (2009) has mapped 12 heathland and thyh@sodland types in the HCR CMA region.
These cover three heath classes (Coastal Headldaithm Heath and Sydney Coastal Heath) of
Keith (2004). There is a rich fire ecology litensdor heathlands: fire prone heaths of South Afric
(fynbos), North America (chaparral) and Austral@vé been subject to extensive research. This
work has demonstrated consistent patterns in teeetiology of these heathlands at this global scale
(e.g. Keeley & Bond 1997). Locally, a number ofsslia Australian fire ecology studies have been
undertaken on heathland species that occur in e BMA heaths (see below). These provide a
sound basis for understanding the fire ecologyhesé systems. This system level understanding
does not mean that there is a comprehensive uaddisg of all aspects of the fire ecology of these
systems. However, broad predictions about relefiamtregimes for these systems can be made

with some confidence.
Fire and the standing vegetation

Fire is a dominant force in the ecology of heattam Australia and fire events can be intense
because the fuel loads are high and the specisemgrproduce highly flammable litter (Keigh al
2002). The plant species of these heaths are atlapfere and there are predictable post-fire shift
in the vegetation over time (e.g. Keith & Bradstd®94). These changes are largely predicted by
the “vital attributes approach” of Noble and Slaty#980) and this approach has been specifically
applied to heathlands of the CMA (Bradstock & Ker803). Fire frequency is regarded as the
predominant driver of plant species diversity andhover in these heathlands (Cary & Morrison
1995). High fire frequency is a listed key threagnprocess under the New South Wales
Threatened Species Conservation Act (1995) andresult in the local extinction of some plant
species (Keith 1996). Resprouting species fit t@agical model of ‘persistent species’ (Bond &
Midgely 2001) and these species generally cope shittrt fire intervals. However, recurrent fire
may gradually exhaust the storage reserves of tesaes (e.g. Knox & Morrison 2005; Knox &
Clarke 2006a) and may weaken them and lead to liwsr There appears to be some variation in

the proportion of resprouters among heaths withnHCR CMA region. Myerscougtt al (1995)
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report that both wet and dry heath on dune ridgédyall Lakes National Park (wallum heath) are
largely dominated by resprouting species. About 2f%eath species in the study by Bradstock &
Kenny (2003), which focused on Sydney coastal heaibld be assigned to the non-resprouting

category.

Non-resprouting species (‘obligate seeders’) fit ‘legeneration niche model’ (Grubb 1977). These
species are predicted to be killed by fire but tregenerate from seed. There has been considerable
interest and research into obligate seeder spatiegathlands. An informative species that has
drawn particular attention iBanksia ericifolia(Siddiqi et al 1976; Morris & Mysercough 1983,
1988; Nieuwenhuis 1987; Bradstock & O’Connell 19B8jth & Bradstock 1994; Bradstoek al
1997). This species has a long juvenile period iti.does not mature and produce seed until up to
eight years post-fire). It then retains seed ia-fgsistant fruit. If fire events are of high inéémp

and kill plants, and occur at intervals of lessitheound seven years, this species will be elirathat
from an area (Siddiget al 1976; Bradstock & O’Connell 1988). Alternativelyith long inter-fire
intervals this tall species can shade out othecispedominate an area and reduce the diversity of
species growing beneath it. This can occur whenifitervals exceed about 12 or 15 years (Keith

al. 2006). This species is an example of a specieshyhiith its relatively long juvenile period, can

be used to set the recommended minimum fire inkterva

The seed bank

The seed bank provides an important buffer for malayt species in heathland systesacia
suaveolensfor example, is an obligate seeder that occuteathlands that (in contrastBanksia
ericifolia) produces seed that enters the soil to form agtent seed bank (Auld 1986). Thus, even
if plants of this species are eliminated from agmaathey may persist in the seed bank and regenerate
via seed germination. There is likely to be consiiee variability among species in the persistence
of seed as a seed bank in the soil of these hgatanss. There are few detailed studies, but in a
comparison of 18 species Autd al (2000) reported seed half-lives of between 0dl EHh2 years.
Auld et al. (2000) considered that the seed bank is importantplants with a range of
characteristics including: 1) obligate seederss@cies that resprout somewhat but which rely on
seed for long-term persistence; 3) species thativaurfire but which are then competitively
eliminated by site dominants; and 4) species inctvlgffective seed production is suppressed by
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seed predation with time since fire. Species tmtexample, are excluded by site dominants are
those species that can be used to determine ther lippt of a recommended fire interval for a
heathland (though they may persist as a seed baele below). Competitive domination of a site

can occur within a decade in Sydney coastal healkla

The production of seed by a plant does not guagargproductive success. There are a range of
factors that interact to affect the fate of seedtHe well studied genuBanksiathese factors
combined mean that up to 200 viable seeds may toeleel set to guarantee replacement (Laneont
al. 2007). Factors that affect seed fate in heatslanclude pre-dispersal (e.g. Auld & O’Connell
1988) and post-dispersal (e.g. Auld & Denham 198®pation, competitive interactions (Lamont
et al 2007), weed invasion (Lamoget al 2007), drought (Lamorgt al 1989) and herbivory of
germinated seeds (Cowling & Lamont 1987). Compkxdéing establishment patterns are a likely

result of these interacting factors.

Recent work has also demonstrated that heathlaadssbkave diverse responses to imposed
germination cues. This suggests that inherent &athitferences across areas and / or differences in
fire intensity may select for the establishmenpaifticular specieBaeckea imbricatafor example,
has enhanced germination with smoke cues and ridreatment (Thomast al 2003), whilst other
heathland species have seed germination enhancéediytreatments (Auld & O’Connell 1991;
Auld 1996; Kenny 2000; Browat al 2003). Similarly Kunzea rupestrifias enhanced germination
with smoke and no heat (compared to the closebtedKunzea capitatavhere heat and smoke
both enhance germination — Tierney & Wardle 200%ese species occur in sites (wet sites and
rocky outcrops respectively) that may reduce fitemsity. However, the complexity of interactions
in many systems may negate the effect of any gfaetor. Lamontet al (1997) report that high
intensity fire, for example, can increase seedasdeand seedling establishment, but post-
germination competitive effects mean that siteshwéss intense fire may still provide more
favourable population outcomes. There is also ditiein dormancy types present in the seed of
heath species that will cue seed germination evensgasons (Oadt al 2006) or events such as

mechanical actions related to soil movements (M&€00).
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It sum it is clear that fire frequency and inteyisite significant factors that interact with a raraj
other site factors to determine the floristic daigr and structure of heathlands. The season when

fire occurs and the long-term fire history of asitill also influence its species diversity.

Fauna

Whilst fire can cause death, lead to increasedati@d pressures, or decrease habitat values for
some fauna (Fox 1978), even some large animals asietombats can shelter and then utilize the
post-fire environment of heathlands (see belowgr&hs only limited data on fire effects on many
faunal groups and the theoretical basis for hovieddht groups respond is still the subject of
development (Tasker 2008). Kethal (2002) summarized the known responses of faufieeti

heathlands. Salient points are below.

Mortality. Fox (1978) provided an account of the mortalitwertebrates following a large intense
fire in Nadgee Nature Reserve. These observati@ms Wased on the remains of animals found in
the reserve or washed ashore (and therefore wauhiased against smaller less easily identified
animals; animals killed in burrows etc.) or obserte be active post-fire (i.e. many mobile species
would have moved from the burnt areas). Many reptitere observed to have survived the fire, as
did wombats (possibly these groups seek refugeleumows). Surprisingly, a number of more

mobile animals (kangaroos; honeyeater birds) witlelikby the fire.

Predation.High levels of predation of lizards (Fox 1978) dricds (Booker & Booker 1994) can
occur post-fire. This may relate to less cover tgution) for species from predation. Recent work
by Lindenmayetret al. (2009) suggests sensitive bird species, in thég ¢he Eastern Bristlebird,
may be able to reoccupy burnt sites more rapidlgretieral predator numbers have been reduced

by baiting.

SuccessionThe post-fire environment provides altered cooddi that favour different faunal
groups. A small mammal post-fire succession is gastthe best documented change in fauna with
time since fire (Fox 1982). Birds also face a hyghltered environment and the diversity of
nectivorous honeyeater will face an initial deceea@s food often followed by a major post-fire
flowering event whilst quail favour the open egmyst-fire environment (McFarland 1988). Recher
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(1981) also found that post-fire changes in necemources related to changes in the bird

assemblage of a heathland.

Application to the HCR CMA heathlands

Sydney coastal heaths have hosted many fire ecdtglies, and their basic dynamics are well
understood. Fire frequency thresholds for thisetaipn type were proposed by Bradstetlal.in
1995:

“A decline in populations of plant species carekpected when:

» there are more than two consecutive fires less @@ryears apart (fire-sensitive shrubs

decline);

» intervals between fires exceed 30 years (herbssanabs with short-lived individuals

and seedbanks decline);

» three or more consecutive fires occur at interedld5-30 years (sub-dominant herbs

and shrubs decline);

« more than two consecutive fires occur which consuess than 8-10 tonnes “haf
surface fuel (species with heat-stimulated seedbanihe soil decline)” (Bradstoakt
al. 1995).

Recent analyses using plant species charactertsisgeinforced these thresholds (Bradstock &
Kenny 2003; Kennyet al. 2004). They apply directly to the Sydney coastthland classes
mapped in the HCR CMA. Watson (2006) summarisedctirecepts from which these guidelines

are derived. This summary is as below.

Sensitivity to frequent fire

A number of field studies in Sydney Coastal Hedutnge identified several shrub species which are
eliminated or reduced in abundance on frequentiyptbsites (Siddigiet al. 1976; Nieuwenhuis
1987; Cary & Morrison 1995; Morrisoet al. 1995, 1996; Bradstoc&t al. 1997). These species
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include the dominant obligate seeddBsinksia ericifolia Allocasuarina distylaand Hakea

teretifolia.

What makes these species vulnerable to frequemtingyrwhere others are less sensitive? First,
they have relatively long juvenile periods — thendake six to eight years to flower (Benson
1985). As these plants are obligate seeders, andédire before seedlings germinating post-fire
have matured sufficiently to set seed will leaveseeds to establish a new generation. Canopy
storage increases this vulnerability; while sodretl seed may survive through more than one fire
ungerminated, and thus ready to burst forth afte@@nd burn, serotinous species do not have this
capacity. In addition seeds of these speciespudiin winged, do not generally travel far from the
parent plant (Hammilkt al. 1998), limiting the potential to re-establish fremburnt patches after a
second fire. Demographic studies show some Sydaegssone resprouters are also likely to
decline under repeated short interfire intervassfige tolerance can take many years to develop
(Bradstock & Myerscough 1988; Bradstock 1990).

Bradstock and Kenny (2003) used information on fuieeperiods of species in Brisbane Water
National Park just north of Sydney derive a domain of ‘acceptable’ fire intervaldloble and
Slatyer’s vital attributes model was used to clgsspecies into functional types. The maximum
estimates for juvenile period from demographic ameécdotal sources were 6.0 and 6.5 years

respectively, giving a minimum threshold of 7 years

Sensitivity to infrequent fire

Field research around Sydney has identified shpdzies which are disadvantaged if fire is too
infrequent(Fox & Fox 1986; Nieuwenhuis 1987; Morrisehal. 1996). For example, Morrisaat

al. (1996) found lower abundances of the shrbacia suaveolenandZieria laevigatain sites

with long interfire intervals than in sites whehete had been less than seven years between burns.
Fox and Fox (1986) speculate that fire may be rseggsto prevent senescence in a number of

resprouters which they found reduced in abundafiee @ 12 year interfire interval. Nieuwenhuis
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(1987) identified several resprouting herbaceolecigs as well as a number of obligate seeder
shrubs includingGrevillea buxifolia and Conospermum ericifoliumwhose abundance was

significantly lower in infrequently burnt sites than paired sites which had burnt more frequently.

The majority of species in Sydney Coastal Heatlsuie after fire (Keithet al. 2002a and
references therein), making them | species in Nabk Slatyer’s terms. These species depend on
fire occurring either while adults are still aliee, if the species stores seed in the soil, bettose
seed loses viability. Fire-cued obligate seedgrdcies may be at particularly risk under low fire
recurrence, as these plants will form even-ageuadstafter a fire (Auld 1987), and may die some

years later as a group.

Bradstock and Kenny (2003) used anecdotal soumasalculations based on juvenile periods to
predict longevity of plant species in Brisbane Watational Park. When estimates of seedbank
longevity were considered, the serotinous obliga¢éedersBanksia ericifolia and Petrophile
pulchellawere considered more at risk of decline under longrfire intervals than short-lived
species with soil-stored seed suchA@sicia suaveolens A predicted lifespan of 28-30 years for

Banksia ericifoliadefined an upper threshold of 30 years for thepiable domain of fire intervals.

Variability within thresholds

As time goes by after a fire in Sydney Coastal Heat small number of large shrub species,
particularly the slow-growing serotinous obligatedersBanksia ericifolia Allocasuarina distyla
and Hakea teretifoliagradually come to dominate many patches (Keith 199%mall shrubs and
herbs decrease in abundance as resources aresingtgaaptured by the dominants (Morrisein

al. 1995). When fire occurs after 15 to 30 years,ldinge amount of seed stored in the canopy of
these species produces abundant post-fire seedlingigh rapidly re-establish dominance,
emerging above the understorey by five or six ygenst-fire (Tozer & Bradstock 2002). Two

studies have confirmed that many understorey speceenegatively affected by these thickets.
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Keith and Bradstock (1994) studied understorey tplam the second year after a fire in places
where overstorey characteristics had varied befwdire. Pre-fire overstorey density had a very
significant negative association with the specielsness of understorey shrubs. In addition almost
all resprouting species were significantly moreratant where the overstorey had been absent prior
to the fire, while obligate seeders varied in theisponses to pre-fire overstorey characteristics.
The authors conclude that “a non-equilibrium statdch promotes coexistence of all species”
would best be achieved through “varying the freqyeand spatial extent 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 overstorey is dearse adversely affecting understorey over a wide
area” (Keith & Bradstock 1994).

A similar post-fire study by Tozer and BradstockK@2) which like Keith and Bradstock (1994)
took place in Royal National Park south of Sydredgp found many species were less abundant in
patches where overstorey had previously been dé@ihée study added a dimension to the previous
work by assessing competitive effects separatelyvat and dry heath: the effect was most
pronounced in dry heath. Additionally, this stuayfid that some species wan®re abundant in
overstorey patches, apparently because of suppresdithe grasstreXanthorrhoea resinifera
which tended to dominated open patches. “We paigtuhat full diversity will be maintained when
the density of overstorey shrubs fluctuates widedgr a relatively short period of time,” the author
conclude. “This is most likely when fire frequensyhighly variable” (Tozer & Bradstock 2002).

Finally, direct evidence for the importance of adility in interfire intervals comes from a multi-
site study by Morrisoret al. (1995) in Ku-ring-gai Chase National Park in Sydeeyorth. Here
increased variability in interfire intervals wassasiated with an increase in the species richness o

both obligate seeders and resprouters.

Fire intensity
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The final point in the Bradstockt al. (1995) recommendations addresses fire intensithe T
concern here is that a proportion of fires be sidfitly intense to provide good conditions for the

germination and growth of seedlings of fire-cuedcsps.

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

We have already noted that the majority of speitighis vegetation type do all, or most, of their
recruitment in the months following a fire. Stugliwhich confirm this include Auld and Tozer
(1995) forAcacia suaveolengrevillea buxifoliaand Grevillea speciosand Vaughton (1998) for
Grevillea barklyanaa rare obligate seeder which occurs mostly netaisIBay. This is not simply

a matter of fire cues promoting germination, howeveStudies have found that seedlings of
serotinous species survive better in burnt arelasfact, all seedlings oBanksia ericifoliaand
Banksia oblongifoliavhich germinated from seed planted out by Zammik Afestoby (1988) into
sites burnt 3, 7 and 17 years previously died witsix months of germination, whereas seeds
placed into recently burnt sites had much hightgsraf both germination and survival. Bradstock
(1991) found seedlings of four Proteaceous spgaesed into unburnt sites completely failed to
survive due to predation, while in burnt areas ritggority of seedlings survived, possibly due to

reduced densities of small mammals.

Fire-related germination cues which operate aceosgide variety of species found in Sydney
Coastal Heath include heat and smoke. In the @804 Auld (1986b) showed that heat broke seed
dormancy in the obligate seeder leguf@acia suaveolens A larger study of 35 species from the
Fabaceae and Mimosaceae families confirmed theuitbics nature of heat cues in these families
(Auld & O’Connell 1991), although species variedmswhat in the temperatures which were
associated with a maximal response. These dataomunction with information on soll
temperatures relative to fire intensities, ledhe tonclusion that repeated low intensity fire stiou
be avoided. More recent studies have demonsttagediormancy-breaking properties of smoke.
Kenny (1999) and Morris (2000) found smoke increlagermination of severdbrevillea species

found on sandstone, with some species also respgppdisitively to heat. Thomaet al. (2003)

50 Nature Conservation Council NSW



documented a range of responses to heat and smekeamongst a group of Sydney sandstone
species, including interactions between cues. tRelg moderate heat shock produced maximum
germination in several species, leading these aitiooconclude that “low-intensity fire or patches

within fire” may be important for recruitment ofree plants.

At a community level, a study by Morrison (2002ufa that floristic composition in Sydney’s
sandstone country varied with fire intensity. Sesdavoured by relatively high intensity fire
included peas and monocots. Species from the &meée and Rutaceae families were most
abundant where fire had been of low to medium witgnwhile low intensity burns favoured
species in the Epacridaceae family. Recent worlObyet al. (2006) shows that a number of
obligate seedeceucopogorspecies appear to rely at least in part on persist of adult plants in
unburnt patches and places where fire intensiyws

The message here appears to be that some speneft BFem intense fires, while others will be
more abundant where fire intensity is low. Varidypiagain appears to be the key to allowing

species with different attributes to co-exist.

Somerville (2009) map units 164 and 172 are exasnpil&Sydney coastal heath mapped in the HCR
CMA.

Other heathlands

The guidelines for Sydney coastal heath are basezbmmon widespread species that potentially
occur in heathlands outside of the Sydney areahBy apply to the two other classes of heathland
mapped for the HCR CMA (headland and wallum heatg®).

Wallum heath
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Somerville (2009) map units 168-171 represent taadls that occur at least partly on sand dunes
and barriers of the coastal strip. These include twvallum heath (e.g. unit 168) and a range of
variants that probably reflect different soil, expce and fire histories. Myerscough al (1995)
report that very few non-resprouters occur in tlelwm heathlands of Myall Lakes National Park,
suggesting that this system may therefore be tuldgenerally) of more frequent fire than Sydney
coastal heathland. However, a single study will mafude all species that occur within these
heaths. In a later study which reported time-sifireeeffects, Myerscough and Clarke (2007) found
that up to 25% of cover was provided by obligatedse species 10 years post-fire and that an
interval of 3.75 years decreased the cover of tispseies. Griffithet al (2004) report that the
seeder specieBanksia ericifoliamacranthais a significant component of wallum heath at Crgwd
Bay National Park. Another species in this heatlicivlis of interest iBaeckea imbricatavhich
may be sensitive to fire intensity (Thometsal 2003). Many of the species present in Griffith’s

study are in fact common species from Sydney cbhastthlands.

The unit descriptions for map units 168-171 inclérguent references across these units to species
that are both strong resprouters in the region Bagksia oblongifolia- D. Tierney pers. obs.) and
species that are favoured by frequent fire (Blgndfordia grandiflora- D. Tierney pers. obs.) as
well as the potentially dominaBanksia ericifoliamacranthawhich has been reported to be in at
least some of these heaths. It is therefore recardatkthat the guidelines for Sydney coastal heath
be adopted for wallum heath in HCR CMA as theserapgesentative of the major life-history

types for which the Sydney coastal heath guidelme® designed.

Headland heaths

Somerville (2009) map units 166 and 167 are exasnpleheadland heaths from the HCR CMA.
These heathlands (and also map unit 165) contairptientially dominanfllocasuarina distyla
This species is an obligate seeder that can doenanaite subject to a low fire frequency and reduce
site diversity (see discussion of Sydney coastatth@bove). Headland heaths also contain the
strongly resproutindanksia oblongifoliaas well as species which will be excluded by thegl

lived site dominants but which recruit strongly twiire (e.g.Actinotus helianthi This again
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supports that the Sydney coastal heath guidelimesbaoadly applicable to these headland

heathlands.

A particular issue for headland vegetation is thatheaths an@ihemedagrasslands that occur on

these headlands (see Grasslands above) are ofterpdchy and interspersed. Managing fire on
these headlands is also challenged by the presénibeeatened species and highly invasive weeds.
These headlands present a set of challenging tagioglems for management and no one

vegetation type or issue can be considered intisala

Fig 3. Post-fire regeneration in a wet coastaltheat
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Somerville (2009) has recognized 14 dry scleropligiest types in the classification of the
vegetation of the HCR CMA (Table 1). This includesth communities with a shrub/grass
understorey (many units from units 58 — 83) as aglshrubby understorey types (many units from
units 84 — 147). A number of these forest typeergrade with shrubby woodlands and the
distinction among these structural types is likielybe arbitrary in many instances. The discussion
below is of relevance to these vegetation unitsvéier, structural variations at the site level will
affect fire behavior (i.e. probability of carryimgown fires; the thickness of the understory may be

greater with less canopy etc.), these structundtians need to be assessed at the site level.

The fire ecology literature for grasslands, grassyodlands and heathlands (reviewed above)
clearly demonstrates the importance of fire asstudiance event that drives diversity patterns in
these vegetation types. Like heathlands, dry sgldirforests contain a large percentage of thetplan
species diversity in the sclerophyll shrub layeralregional study across vegetation types, Clarke
et al (2005) found that mean woody taxa species richifescluding eucalypts — which mostly
form the tree layer) in dry sclerophyll forests,adtout 20 species per 0.1 ha, was significantly
higher than in heath, wet sclerophyll forest orsggasystems. These shrubs were dominated by
species from the Proteaceae and Myrtaceae whiclke wer families that dominated in heath
systems and in some instances the same speciesindmth systems. This suggests that some of
the detailed fire ecology research for heathlaradsapplication to this shrub layer. However, ibals
clear that even at the species level, plants capladi variability in their response to fire due to
intra-species variability (Gill & Bradstock 19928econdly, Clarkest al (2005) found significant
differences in resprouting capacity among vegatatypes which were associated with a model of
resource / productivity among systems and thatuxisince models were more explanatory for the
low productivity systems. Therefore, even wheredlae floristic similarities, extrapolation among

systems needs to be treated with some cautiora{sed’ausast al. 2004).

Southern Tablelands Dry Sclerophyll Forest
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Purdie conducted some of Australia’s first fire legy studies in southern tablelands dry
sclerophyll forests on the slopes of Canberra’scBIRountain (Purdie & Slatyer 1976; Purdie
1977a,b). A small amount of this vegetation classurs in the HCR CMA. This careful work

demonstrated the varied responses of plant specfee, and is still highly relevant today.

Experimental fires were carried out in three sitelsich had previously been burnt 9, 11 and 33+
years ago respectively. Purdie and Slatyer (19068 that prior to the experimental fire in the

long unburnt site, “many of the larger shrubs weemescent or in varying stages of decay,”
whereas shrub density at the other two sites wasiderable. At each site 60 small quadrats were
set up, 30 in an area which was then burnt (in serjnand 30 in an area which was left unburnt.
Post-fire regeneration was monitored over sevegaly (Purdie & Slatyer 1976). Species were
classified as ‘obligate seed regenerators’ (oldigateders), ‘obligate root resprouters’ (resprguter
which didn’'t produce seedlings), or ‘facultativeotaesprouters’ (resprouters which did produce

seedlings).

The key findings from this work were that:

1. Almost all shrubs resprouted; the only shrubsctvhivere clearly obligate seeders wéeacia
genistifolig Dillwynia retorta and Pimelea linifolia Pimelea linifolia germinated in the long-
unburnt site after fire, though it was not recortleele prior to the burn. All three species floager

within three years of fire (Purdie & Slatyer 1976).

2. Most resprouting shrubs also produced seedlif@mme, such aBaviesia mimosoide#\cacia
buxifolia and Indigofera australiswere able to increase population numbers by raokexing —
which was stimulated by fire. Flowering on respgsooccurred within two years of fire. Seedlings
of resprouting shrub species were slower to reaaturty, with many not flowering by the end of

the three year monitoring period (Purdie and Statg6).
3. Shrub and herb seedlings arose from seeds stotled soil (Purdie 1977b).

4. All tree species resprouted and also producedlisgs (Purdie & Slatyer 1976). Tree seedlings
developed in both burnt and unburnt plots (Pur@iérb).
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5. All the resprouters which didn’t produce seeghiivere geophytic monocots, a category which
includes many orchids. All orchids flowered in fivst year after fire. Several herbaceous species
in this category — three Lomandras didnella revoluta— were able to increase through vegetative
regrowth (Purdie & Slatyer 1976).

6. Almost all species showed much higher seed getion in burnt compared with unburnt areas
(Purdie 1977a, Purdie & Slatyer 1976), and surviaes were also generally higher in burnt
vegetation (Purdie 1977Db).

7. A few species, including the dominant grdsycea pallidaand the exotic herblypochoeris

radicata, produced more seedlings in unburnt than in bareds (Purdie & Slatyer 1976).

8. Obligate seeders had more seedlings and higleellisg survival rates than resprouters (Purdie
& Slatyer 1976).

9. Many resprouters which weren't able to suckewéred rapidly after fire on regrowth, and this
produced some seedlings in Year 2 (Purdie 1977tali®& Slatyer 1976).

10. Resprouter recovery stabilised at a lower l@véhe previously long-unburnt site (60% of pre-
fire numbers — which we have already noted weratikaly low), than in the two more recently
burnt sites (85-90% of pre-fire numbers) (Purdi@7k9.

11. In the unburnt plots, many species declinedh wine. Obligate seeder population numbers
declined 16-22% in these plots in the first yearmudnitoring, and an additional 5-10% in the
second (Purdie 1977a).

12. “With the exception of rare species, all theetrshrub and herb species represented in the
quadrats prior to burning ... were present in theenegating communities in the first year after
burning” (Purdie & Slatyer 1976).

Purdie and Slatyer (1976) conclude that changeioirstics as time-since-fire goes by in this
vegetation type are merely changes in dominancetalutfferences in species growth rates and
longevity, and, sometimes, reflect a move frombiigy above-ground to presence only in the
below ground seedbank. ‘Relay floristics’, whedditional species join the community as the

period without disturbance lengthens, does not appe characterise Southern Tableland Dry
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Sclerophyll Forest on Black Mountain. This conatusis consistent with what one might expect

from a vegetation type that is, in Boatlal. (2003, 2005) terms, climate limited but fire maeiif

Purdie’s findings tell us something about the dffeof fire on plants in general, and also
specifically about dry sclerophyll forests. Highlgarmination and seedling survival rates in burnt
than in unburnt patches is a common finding in-firene vegetation, as is the tendency for obligate

seeders to outdo resprouters in numbers of passéedlings

Post-fire observations in Dry Sclerophyll Forestglie Central West of New South Wales suggest
that the proportion of shrub species regeneratoiglys from seed (obligate seeders) may vary
considerably across the range of this vegetatiasscl Where only three species in Purdie’s Black
Mountain sites regenerated solely from seed, thte gbrest south of Kandos appears to support
quite a large variety of obligate seeder shrubsAM&son, pers. obs. 2007), includidgacia
buxifolia, a species which resprouted from root suckershénBlack Mountain plots (Purdie &
Slatyer 1976). Remnants around Orange may alstaicom relatively large obligate seeder

complement (Bower 2005).

Observations from long-unburnt sites in the Centsst also suggests that a small number of
shrub species may be able to recruit substantimtyeen fires in this environment. Candidates
include Styphelia triflora(Pink Five Corners)Cassinia arcuataSifton Bush) and perhaps some
other Cassiniaand Leptospermunspecies. If this is the case, these shrubs lkeéy/lto be more
abundant in long unburnt areas than where fire dwsirred recently, and may become a more
prominent component of the shrub layer as shoedlifire-cued shrub species die out. A survey in
South Mullion reserve after an extensive fire-fpegiod (up to 100 years) found large populations
of Sifton Bush and Five Corners, both obligate see@Bower 2005). The two other shrubs which
were abundant in this long-unburnt environmeévignotoca scopariaand Melichrus urceolatus
both resprout in most environments where theirmeggtion mechanisms have been observed (DEC
2002). These species may survive through long-tgrensistence of existing individuals.
Surprisingly, few researchers have explored whegiegiodic fire plays a role in allowing long-

lived resprouting shrubs to continue to thrivehaitgh the lower levels of post-fire recovery in
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Purdie’s long unburnt plot (Purdie 1977a) suggésts may be the case. A range of other shrub
species were also present in this long-unburntrvessuggesting that even fire-cued species have
the ability to ‘hold on’ in the absence of firetrear through persistence of long-lived individuais
through some germination between fires. HowevdPwaslie’'s work demonstrates, fire is likely to
play an important role in maintaining robust popolas of quite a few shrubs in Southern
Tableland Dry Sclerophyll Forests. Although sadfed seed can survive for many years, it will
not remain viable indefinitely (Auld 1986a; Audd al. 2000; Moleset al.2003).

Post-fire grazing in Southern Tablelands Dry Sclerphyll Forest

Another classic study, by CSIRO researchers LeighHolgate, was published in 1979. This study
assessed the effects of post-fire grazing by masiroal seedlings and resprouts in three dry
sclerophyll forest and woodland environments ont#i#elands. One site, at Mundoonen Nature
Reserve near Yass, was classic Southern Tablelap&&erophyll Forest. Dominant trees were
Eucalyptus rossji E. macrorhynchaand E. bridgesiana Shrubs includedaviesia virgata
Dillwynia retorta, Gompholobium huegeliand Melichrus urceolatus Poa sieberianadominated
the ground layer. The main grazing animals at $ites were grey kangaroos, with a few swamp
wallabies and rabbits (Leigh & Holgate 1979).

Some of the plots at each site were open to grawhde the rest were fenced to prevent access.
Plots were not large. Half of those in each trestihwere burnt while others remained unburnt. In
the Mundoonen site the effects of grazing were tooed for three years before a single low

intensity fire in early autumn was added to theegxpental design.

Grazing alone reduced shrub density at Mundooneda 3% over four years, while on ungrazed
plots shrub density increased by 8% due to recertnby the native pelndigofera australis

Grazing effects were not uniform across shrub gsecFire increased grazing-related mortality in
some species. Across the three sites, grazing fateproduced a range of effects on different

species, but generally increased the mortalityathi Ishrub seedlings and resprouts, creating a more

58 Nature Conservation Council NSW



open, grassy environment. Leigh and Holgate (18@8¢lude that the interaction between fire and

grazing may be of considerable importance and desdurther study.

To what extent post-fire grazing effects were eraated by the small size of the fires in this study
is not clear. A number of other studies have shtva grazers, both native and domestic, often
concentrate on recently burnt areas (Robertson;1888rew 1986; Southwell & Jarman 1987).

Where burnt areas are extensive, animals may smefdeducing grazing pressure at any one
point (Archibald & Bond 2004). Conversely, whererit areas are small, grazing may be
particularly heavy. It may therefore be a goodaide burnt relatively large patches at a time
(Trollope & Trollope 2004).

The need to consider the effects of post-fire gy native animals may be growing in some
parts of the central tablelands as numbers of npacd®and wombats build up (pers. comm. various
land managers in the CW region, 2007).

Conclusion

Although fire ecology research in Southern Tablélddry Sclerophyll Forests has not been
extensive and is now some decades old, it providieations as to the probable effects of different
fire frequencies Kenny et al. (2004) recommend intervals between 7 and 30 yearsddy

sclerophyll shrub forests. From the little we knamd can surmise, this recommendation is likely

to be appropriate for Southern Tableland Dry Sgleyti Forests in the Central West.

Thinking first about lower thresholds, the riskotaigate seeders of very short interfire intentls
course exist in Southern Tableland Dry Scleropkgltests. However the species characteristics
observed by Purdie and Slatyer (1976) suggest rttaderately frequent fire is unlikely to be
problematic. All known obligate seeder specieBtatk Mountain flowered within three years of
fire, and all resprouting species flowered, on rests, within two years. A seven year minimum is
well above these juvenile periods. Seven yeaniate, and even occasional intervals down to four

or five years are thus unlikely to cause speciesetdost from this community due to inability to
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establish a seedbank. Upper thresholds need toeetisat | species have opportunities to recruit
before adult plants and seedbanks decline, and ciipetitive interactions that occur in the

absence of fire are managed.

Competitive exclusion does not appear to be a mague in Southern Tableland Dry Sclerophyll
Forests. Net seedling recruitment in unburnt ptotsBlack Mountain, and patrticularly in the plot
which had not had a fire for over 30 years, was mmgh (Purdie 1977b), and species which
recruited preferentially in unburnt areas wererofterbaceous (Purdie & Slatyer 1976). It appears
that the shrub complement in this vegetation typesdnot contain many T species shrubs that
increase when vegetation is left unburnt for a longe. Rather, shrubs in Southern Tableland Dry
Sclerophyll Forest are generally fire-cued and el@se in abundance as time-since-fire progresses.
This vegetation type is thus likely to look morg@ém’ when long unburnt than when a burn has
occurred within the last couple of decades. Thesgfoycea pallidamay recruit between fires
(Purdie 1977b), and that may assist the developwfeatgrassy understorey in the absence of fire.
Whether competitive interactions between dominaasses and smaller herbaceous species such as

orchids exist in long unburnt patches of Southeahl&and Dry Sclerophyll Forest is not known.

The greater risk, at this end of the fire frequespgctrum, is that | species may decline under very
long intervals. The recommended upper threshol@ofears is several years below the maximum
interfire interval involved in Purdie’s study (33ars). Shrubs in this long unburnt site were
senescent prior to the experimental fire, and tol@ht density, at 8.0 plantsnwas considerably
lower than in the more recently burnt sites, whisteraged 30.4 and 19.2 plant$/raspectively
(Purdie & Slatyer 1976). The difference in densitgs particularly marked for small shrubs and
herbs. Although lack of replication of the timase-fire in this study means these observations
should be treated with caution, they are congrwetit other findings and observations. Recent
inspection of one of Purdie’s sites, now unburnt 3d years, found shrubs were sparse, though
cover of Joycea pallidawas considerable (pers. obs. 2005; pers. commgafetr Kitchin,
Environment ACT, 2005). Monitoring in unburnt @obver the years of Purdie’s study showed
declines in plant numbers (Purdie 1977a), and faestresprouting was less prolific on the

previously long unburnt site than in sites with sépinterfire intervals (Purdie 1977a). If number

60 Nature Conservation Council NSW



of adult plants of many species decline with tinres-fire, after several decades regeneration will
increasingly depend on the longevity of seedbanks unknown quantity. Seedling regeneration
in Purdie’s site with the long interfire intervalaw of the same order as that in the more recently
burnt sites (Purdie 1977b), suggesting seedbank30&5 years post-fire are still adequate.
However this may not be the case four or five desgubst-fire, nor for all species. Grazing before
fire may exacerbate the problem by reducing segdt iny adult plants, while post-fire grazing may
eliminate seedlings and stress resprouting plardsticularly if burns are small. In very long
unburnt sites with few shrubs it may be necessaigupplement seedbanks with seed from nearby

more frequently burnt areas if the aim is to rastbe pre-existing species complement.

An additional issue for fire frequency concerns hiowg the seedlings of the many resprouting
species take to become fire-tolerant. We do krimat they grow slowly relative to their obligate

seeder counterparts, and Purdie (1977a) suggesisiriiim her observations, even after a 9 to 11
year interfire interval young plants may be vulidea Intervals above 15 years within a variable
regime of intervals between seven and 30 yearsldtailow opportunities for these seedlings to
fully develop, while still allowing species whicligaluce most of their seed-crop in the early post-
fire years the opportunity to build up populatiommtbers through some short intervals now and
then.

Western Slopes Dry Sclerophyll Forests

As their name implies, this vegetation class ocomrghe western side of the Great Dividing Range,
on sandy, infertile soils — often derived from sstode — where rainfall exceeds 500 mm. Keith
(2004) places Western Slopes Dry Sclerophyll Ferast the shrubby subformation of dry
sclerophyll forests. Shrubs are mostly scleropbp#cies including wattles (e.g. Spur-wing Wattle
Acacia triptera Streaked Wattlédcacia lineatd, heaths (e.g. Urn HeatMelichrus urceolatus
Daphne HeathBrachyloma daphnoidés daisies (e.g.Cassinia species), and members of the
Myrtaceae family (e.g. BroombusWielaleuca uncinataFringe Myrtle Calytrix tetragong. Trees

are mostly eucalypts, particularly ironbarks, aggress pines. Eucalypts include Narrow-leafed

61 Nature Conservation Council NSW



Ironbark Eucalyptus crebrg Mugga Ironbark E. sideroxyloh and Tumbledown Red Gunt(
dealbatg. Both White Cypress PineCéllitris glaucophylld and Black Cypress PineC(
endlicher) occur in these woodlands. Herbs and grasses graiae ground layer. These forests
have been, and in some cases continue to be, a smjme of timber (Metcalfet al. 2003; Keith
2004).

Western Slopes Dry Sclerophyll Forests are proneiltifire. In 2006 major fires occurred in both
the Pilliga and Goonoo State Forests, while muchthef eastern Pilliga also burnt in 1997
(Kavanagh & Barrott 2001). Fire frequency in tlastern and southern Pilliga, where the shrubby
vegetation is concentrated, has been much higlaer itthh the Western Pilliga where the grassy
outwash forests are mostly found (Binns & Beckeéd612 Kavanagh & Barrott 2001; Dag al.
2002). Many understorey plants in Western Slopes $xlerophyll Forests respond rapidly after

fire, particularly when water is readily availaljieilly, nd).

Fauna studies

Date et al. (2002) studied birds, vegetation, logging and firstory for the entire Pilliga Forest
including the central, southern and eastern sextwinich Keith (2004) maps as Western Slopes
Dry Sclerophyll Forest. This study located 17@species, compared to 220 species recorded in
the Pilliga historically. The authors were paraaly interested in woodland birds, many of which
have declined. Many woodland birds nest and/aderon the ground in low grassy or shrub/grass
vegetation. It is likely that these birds have tbeir core habitat due to clearing of land owgstide
Pilliga forest. This means that this sub-optimabitat of the forest is now very important if these

species are to survive (Dageal.2002).

Date et al. (2002) present a map showing the distribution &f ttvo primary habitats they

identified, species-rich ‘creek’ habitats, whichrevegelated to fire-prone sites on poor soils, and
species-poor ‘non-creek’ patches, which coveredhmaicthe forest area. ‘Creek’ habitats, which
supported a wide range of bird species includingyrgenerally considered to be in decline, had a

diverse understorey of shrubs, grasses, and seddps, the depauperate understorey of ‘non-
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creek’ habitats was the domain of a small numbegenferalist bird species. ‘Creek’ habitats had a
history of less intense logging, and more frequard recent fire, than ‘non-creek’ patches. Both
habitat types were found throughout the Pilligah@igh ‘creek’ habitat was considerably more
prevalent in the south and the eastallitris glaucophyllaand Allocasuarina leuhmanniwere
significantly more abundant in ‘non-creek’ habitatjile the ‘creek’ assemblage included higher
abundances of a range of shrubs including the mubgtl speciesBossiaea rhombifoliaand
Brachyloma daphnoidesDateet al. (2002) consider that there may be “a homogenigiffigct on
habitat conditions of logging, combined with chathdiee regimes and stock grazing, and the dense
regeneration of cypress pine, casuarina, and sbnubs.. That is, the disturbance history of the
Pilliga may have imposed a pattern on the biotactwimasks the effects of topography, soils and
vegetation.” These authors recommend managenratgges to return mature trees to the canopy,
and suggest diverse “intermediate fire regimesq2¢@ar intervals),” coupled with an adaptive
management approach, to increase habitat heterbgeamne benefit avian diversity. Whilst many
faunal ecologists emphasise the impact of losseafdt landscapes on fauna, Dateal. 2002 note
the importance of encouraging the relatively oggassy habitat favoured by woodlands birds as

part of the habitat mix.

Shelly (1998) conducted a fauna survey in a patcGaonoo State Forest dominated by Mugga
Ironbark and Black Cypress Pine, in a fire-proreaawvhich had not, however, burnt for at least 10
years. Animal species included 9 reptiles, 9 btsacropods and 51 birds, a fairly diverse avian
fauna relative to that recorded by Dateal. (2002) in dense unburnt forest in the Pilliga. wdoer

few seed-eating birds were recorded, probably rhy this time-since-fire there was almost no
grass - the estimated cover of ground layer plests only 5%. A small number of bird species

such as silvereyes and warblers were confinednealshrubby patches.

Both these studies accord with work from other Aalg&tin ecosystems which has found that
different faunal assemblages favour different thsiese-fire, and that differences in fire frequency
also create variable habitat opportunities whiah @neferentially used by different fauna species.

Some of this work has been summarised in previcoispgdts reviews - see particularly Sections
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2.2.4 and 4.2 in the Southern Rivers review (Wat206A6b) and Sections 3.3 and 3.4 in the

Northern Rivers review (Watson 2006a).

Black Cypress PineCallitris endlicheri

Both Black Cypress Pine&gllitris endlicheri)and White Cypress Pin€( glaucophylla are found
in Western Slopes Dry Sclerophyll Forests. Acaugdio Binns and Beckers (2001), the two are
negatively associated, with Black Cypress more comim heathy areas, while White Cypress is

more abundant in grassy vegetation.

Black Cypress Pine, lik€. glaucophyllais an obligate seeder which has the ability twise fire
when scorch is not too severe (DEC 2002). WheBtack Cypress recruits primarily after fire, or
between fires as is the case with White Cypressndear. According to Keith (2004), “Black
cypress pines occur on the most barren soils setharests and to the east extend to high elevation
on the edge of the tablelands. This species regsefrom seedlings in an episodic manner when
its woody cones release their seetlsmasseafter fire onto an open bed of ash. White cypress
pines, in contrast, extend into the semi-arid iotesf New South Wales and are less dependent on
fire for regeneration.” Ecologist Ross Bradstouggests that there may be variation in the degree
to which this species retains its fruits lockedtig cones, awaiting the trigger of fire: it mag &
serotinous fire-dependent | species in some enwiemts, but release seed and recruit between fires

(i.e. act as a T species) in other situations.

Conclusion

Western Slopes Dry Sclerophyll Forests share tlmdogical processes familiar from moderately
productive dry sclerophyll forests elsewhere in NSW¥s sclerophyll shrub complement almost
certainly contains a number of species which régmmarily with fire; the balance between these

species and those able to recruit between firks, White Cypress Pine, is almost certainly fire-
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mediated; and variability in time-since-fire anteffrequency provide a range of habitat resources

which enables a diverse fauna to persist.

Variable fire frequencies within the state-wideet$tiolds of 7 and 30 years are likely to be
appropriate for this forest type. Where absendg@has allowed extensive stands of species such
as Calllitris glaucophyllaor Allocasuarina leuhmanniio develop, one or two short intervals in at
least some parts of the landscape may help regerntbgrass and shrub layer, and provide more
diverse fauna habitat — as we have seen, Batd. (2002) suggest occasional intervals as low as
two years, in this context. The finding that méoirg species are more abundant in recently and/or
moderately frequently burnt habitat suggests thegrvals in the lower half of the state-wide dry
sclerophyll forest interval range are likely todreimportant element of fire regimes which promote

plant and animal diversity.

New England Dry Sclerophyll Forests

Clarke & Knox (2002) and Clarket al (2005) carried out fire ecology research on thewN
England Tablelands which included New England Dgye®phyll Forest. Clarkeet al (2005)
examined the woody non-eucalypt component amongtaégn types and found that the dry
sclerophyll forests were the most species hohwith the second least proportion of resprouting
species of the vegetation types studied (grassgster wet heath; wet sclerophyll forest; dry
sclerophyll forest; rocky outcrop heathy eucalyptup). This implies that the minimum interval
between fires will need to be sufficiently longadathow a range of obligate-seeding woody shrub
species to persist (interestingly, however, fiegtrency did not correlate strongly with resprouting
ability when considered across all these vegetdtipas). Few species in the shrub layer exhibited
bradyspory (had seed stored in fruéisid were seeders killed by fire. There was also a paft
obligate seeders to produce more seedlings pestkan resprouters: ~ 31 % of species in the dry
sclerophyll forests exhibited post-fire seedlingruétment (which is consistent with Purdie’s result
for Southern Tablelands Dry Sclerophyll Forest +diru& Slatyer 1976). What is different from
Purdie’s studies is that Purdie found almost alisk were resprouters, while in these New England

Dry Sclerophyll Forests many of the shrubs werentbto be obligate seeders (Clarke & Knox
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2002). There may be differences in fire intensity ather differences in fire behaviour that
contributed to this observation (Cetial 2006b); however it would be precautionary to assthat

there are a number of obligate seeder shrub specdieese New England Dry Sclerophyll Forests.

In sum, the New England Dry Sclerophyll Forestssgrecies rich systems with a large percentage
of the plant diversity in the woody shrub layer andignificant number of obligate seeder species
in this layer. This focuses attention on managirgffequency so that these obligate seeder shrubs
can reach reproductive maturity between fire eve@tsigate seeders within this system include
Cassinia quinquefaria, Callitris oblonga ssp. pantaucopogon muticus, Melichrus erubescens,
Styphelia triflora, Acacia betchei, Acacia burbidge Acacia fimbriata, Acacia obtusifolia, Acacia
torringtonennsis, Acacia triptera, Acacia ulicifali Acacia venulosa, Bossiaea rhombifolia,
Daviesia ulicifolia, Dillwynia sericea, Dillwynia isberi, Gompholobium huegelii, Pultenaea
pycnocepala, Prostanthera scutellarioides, Greuilldeadleana, Grevillea scortechinii ssp.
Sarmentosa, Hakea macrorrhyncha, Persoonia rufasc&®ia pubescensand Correa reflexa
(Clarke & Knox 2002).

Tasker and Bradstock (2006) studied the impactsrefst grazing (which includes high frequency
winter burns) on species diversity and understaeycture on the edge of the New England
escarpment. They found that an open simplified taga with a simplified or absent shrub layer
was associated with grazing. Grazed sites weredjlpiburnt at about 1-5 year intervals and this
frequency would eliminate the obligate seeder slaybr. This practice was estimated to occur in
over ~ 500 000 ha of forest in north-eastern NSWe Tindings of Tasker & Bradstock are

consistent with the studies of Clarke & Knox (20@8y Clarkeet al (2005).

Sydney Dune Dry Sclerophyll Forest

Fox et al (1996) studied post-fire recovery (and also recg¥rom clearing and mining) in coastal
sandy dry sclerophyll forests form Tomago (nortliNefvcastle). These forests had an overstorey of

Angophora costataEucalyptus gummifereEucalyptus haemastomand Eucalyptus pilularisand
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fit the description of Sydney Dune Dry Sclerophytirest. Post-fire the understorey density peaked
at 11 years and then decreased for the ground (apeto 0.5 m height) but the shrub layer (0.5 —
2m height) retained its density until the studydasion (17 years).

Dry Sclerophyll Forests from outside of the region

Studies of dry sclerophyll forests outside of tHeRHICMA are broadly consistent in demonstrating
that the sclerophyll shrub layer of these foresttiongly influenced by fire frequency. Spenceat an
Baxter (2006) studied fire frequencies in dry smbdyll forests on Fraser Island. This study found
that high fire frequencies were associated withuced shrub (0.5-2m height) but increased ground
layer cover. The frequently burnt sites were of dowdiversity and in some parts of the study
bracken Pteridium esculentujrformed a dominant layer below the tree canopyeré&twas floristic
variability among study locations, thus fire hadoserriding effect on ground and shrub layers but

floristics varied across the study.

Penmanet al (2008) studied the effects of logging and préxatifire on understorey species
richness in dry sclerophyll forests on the southstoof New South Wales. Frequent fire was
associated with increased species richness fogrihiend layer (up to 1m height) but a decline in
species in the understorey above this height. Wais found at the scale of study plots (0.01 ha).
There was also, however, a reported general deitlispecies richness across the study area that
was possibly related to a long term absence of(fiiéfire) at this scale (the area had not had

wildfire for 15-29 years).

Watson and Wardell-Johnson (2004) studied firedesgy and time-since-fire effects on the plant
composition and species abundance of a dry sclghofanest from south-east Queensland. This
study found that species composition varied sigaiftly with both fire frequency and time-since-

fire. The study concluded that variable fire regsn(@ to 25 years) were appropriate but that at leas
some longer intervals (of at least 15 years) shbeldncluded in the regime for this tableland dry

sclerophyll forest.
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Application to the HCR CMA dry sclerophyll forests

A large diversity of dry sclerophyll forest typeseaecognised in the HCR CMA. The fire ecology
of these dry sclerophyll forests can be broadlgiirgd from the few studies that have occurred in
dry sclerophyll forests reported above. Howeveeséhstudies do not cover many of the specific
classes of dry sclerophyll forests present. li$e anportant to recognise that most of these studi
have limitations and have been carried out at §pesgales and are variable in the techniques and

in analytical approaches.

There are reported differences in the number afjatd seeder species among the studies carried
out in dry sclerophyll forests. However, overdllisi clear that the shrub layer is very responsive
fire, contains a large percentage of the plantrditiethat is affected by fire and in the absente o
fire that diversity declines (at least as standitents and possibly some of the diversity in the
seedbank). It is also clear that very high firgjfrencies (intervals in the order of 1-3 years) have
been associated with reduced shrub layers and @meenby species such as brackteridium
esculentuin some studies. The shrub layer has importamtdbvalues as a nectar resource and in
providing structural complexity and protection haligh recently burnt sites are also important for

some species.

Kennyet al. (2004) recommend intervals between 7 and 30 yeardry sclerophyll shrub forests.
This recommendation is reinforced by this reviewhsf literature as broadly applicable. There are a

number of considerations that should also be atthth this suggested fire domain. These include:

* There are a number of threatened fauna (PygmysuPos Squirrel Glider) that are directly
dependant upon a nectar rich shrub layer. Mainwman this shrub layer within important habitat
areas should be considered a priority.

* In relation to the above point, fire patchinesshim important faunal habitat areas is likely t® b
an important goal. This requires forward planning an ability to adapt fire management plans as
wildfire or arson events alter fire histories.
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* Conversely, there are threatened fauna thatareured by frequently burnt sites (e.g. Hastings
River Mouse). Sites that have a history of higk firequency may constitute important habitat for
some species. Therefore, fire histories shouldonsidered carefully before any decision is made to

adopt less frequent fire.

* There is significant variability in the shrub kyof dry sclerophyll forests within the HCR CMA.
Somerville (2009), for example, reports the presesicmap unit 59 which includes a number of
small trees or shrubs that are non-sclerophyllowds @mmonly associated with dry rainforests.

This is an example where lower fire frequencies imagonsidered appropriate.

R

Fig. 4. Dry sclerophyll forest, Towarri NationalrRaUpper Hunter Valley.
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Wet sclerophyll forests occur across eastern Alistrghere factors such as higher soil fertility,
rainfall and topographic relief (slopes; valleyspyade suitable habitat. Climatic patterns from hot
dry summers in the south to wet summers in thehnstriongly interact with the high fuel loads
produced by these productive systems in relatiofiréo In the classic studies in the Victorian
Mountain Ash forests (see Ashton 1981) it has béemonstrated that fire (i.e. hot devastating
summer crown fire) is a major ecological event thizpes these forests. McCarttyal (1999)
modeled fire regimes in Mountain Ash forests. Thsuits suggest a mean fire interval in those
forests of 35-70 years (with a mean interval betwiee killing fires — presumably more intense
fires — of about 75 — 150 years). Changes (decsg¢asdire intervals predict biodiversity declines
in these forests. In northern Australia and aldrggNlew South Wales coasts and ranges, fire in wet
sclerophyll forests may be different in averagensity, frequency and season; none-the-less it is

still considered a major determinant of successiomange (e.g. Harrington & Sanderson 1994).

Like Mountain Ash, a number of canopy species it s@erophyll forests are obligate seeders
(species that if burnt by intense fire regeneraiefseed not lignotubers or basal sprouting). Some
canopy dominants in the HCR CMA may be or act asleespecies under certain conditions or in
certain locations (e.de. grandis E. pilularis - Ashton 1981). Hence, based on the Victorian ode
intense fire (particularly crown fire) may result @ven-aged stands of canopy species that are not
capable of recruitment until they age past the anjmuvenile stage. Repeat fires within this period
(decades for some species) would shift the vegetatwards those species that resprout or with
short juvenile periods. This model results in resggating canopy dominants, or alternatively,
thickets of sub-canopy species under frequent Tile floristic and structural similarities of wet
sclerophyll forests at regional or national scalesyever, mask some significant differences in the

fire ecology among these systems.

A fire return interval of 50 — 150 years can bearelgd as a broadly appropriate management target

for the Victorian Mountain Ash wet sclerophyll fate. However, in northern New South Wales,
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there is considerable complexity in the wet sclaytipforest types and at least some of this relates
to differing fire regimes. Tasker (2002), for exdeygound that fires associated with forest grazing
(i.e. high frequency, low intensity ground wint&esg) favour diverse open grassy understoreys. In
some situations, less frequent but more intenss fiill generally favour shrub species that recruit
from seed in response to fire cues leading to aaeshrub layer of these species. These species
typically have juvenile periods that range fromeavfyears to almost a decade. Additionally, many
of these understory species from families such hees Fabeaceae respond to fire associated
germination cues (Auld & O’Connell 1991; Browet al 2003). In particular, the temperature
reached in the soil as a result of fire is criticalrelation to germination for these hard seeded
species. This will depend on the characteristicgheffire (intensity; retention time) as well ag th
soil characteristics (Whelan 1995). These spe@estlcerefore generally be regarded as pyrogenic
(i.e. they regenerate in response to fire), butethmay also be considerable variability among
species in fire response. In contrast to thesegeync species, some understorey species of wet
sclerophyll forests are not cued to regenerate fiigh(Adamson & Fox 1982). Hence long inter-
fire intervals can lead to invasion of both raimfstr understorey and canopy species and the

conversion of the forest (s&&e in Rainforestdelow).

The floodplains and coastal lowlands in northermnvNBouth Wales have been subject to high levels
of clearing and fragmentation, including increasimganization. Achieving ecologically driven fire
management can be problematic in urbanized areasri@dn et al 1996). However, active fire
management of wet sclerophyll forests has beenrtaidgm within the urban matrix in the Sydney
area for the endangered Blue Gum High Forest (Meldbet al 2002). This work demonstrated
the persistence of a recoverable understory seekl deross decades that responded to fire. This
recovered understorey was distinct from the prextforest understory. It may be that the wet

sclerophyll forests we seek to manage are not septative of the forests of the past.

Two sub-formations of wet sclerophyll forests aeeagnised: grassy wet scleropyll forests and
shrubby wet sclerophyll forests. HCCEMS (2008) meise 15 vegetation types within the grassy
sub-formation and 21 types within the shrubby swuiprfition. Grassy wet sclerophyll forests are
“Tall forests dominated by straight-trunked euc&ypvith mixed grassy understories and sparse
occurrences of shrubs with broad soft leaves” (RB83). Sometimes called semi-mesic grassy

forests, or wet sclerophyll forest (grassy subfdramg, they typically occur in coastal areas where
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rainfall is high and soils are moderately fertiléiese are forests of high productivity and therefor
competition dynamics are important. The tendencygfassy wet forests to succeed to rainforest in
North Queensland (Unwin 1989; Harrington & Sanderd®94; Russell-Smith & Stanton 2002)

indicates that major changes can occur in at kEase parts of the range of this broad forest type.

Shrubby subformation Wet Sclerophyll Forests afeall“ forests dominated by straight-trunked
eucalypts with dense understories of shrubs witdatrsoft leaves, ferns and herbs” (RFS 2003).
They occur in high rainfall areas near the coastedatively fertile soils, and have a multilayered
understorey of mesic shrubs. Some consider theestfoto be a successional stage between open
forest and rainforest (Kenmst al. 2004), although others believe a stable understooaymunity

can be kept in check by an intact eucalypt canépyrénce 1996).

There are likely to be complex relationships amtirey 36 wet sclerophyll forest vegetation units
mapped by Somerville (2009) which transcend thepndivision into two wet sclerophyll forest
sub-formations. Fine scale mapping on the Cent@ds€ for example, has mapped significant
variability among wet sclerophyll vegetations aales of ~ 100 m (Bell 2008) which can only
partly be resolved to map units given a typicaklesf survey data (Tierney 2009). This variability
is likely to be at least partly a result of firestury and to this extent the wet scleropyll forests
represents a “fire modified” system. Thus in nattstern NSW fire intervals between 2 and 5
years have been associated with open structuredseletophyll forests with a diverse flora of
tussock grasses, forbs with some shrubs (Stew&9;1Basker 2002). Nearby areas which have
remained unburnt for periods over 15 or 20 yeappstt higher densities of some shrub and non-
eucalypt tree species, particularly those able etcruit between fires (Birk & Bridges 1989;
Henderson & Keith 2002). It appears these foreats ave differing states and fire is associated

with at least some of this difference (see below).
Watson (2006b) reviewed the literature on fire megg for grassy and shrubby wet sclerophyll

forests of the Northern Rivers. Much of this liter® is relevant for the HCR CMA and is

summarized below.

Wet Sclerophyll forests — grassy sub-formation
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Birk and Bridges (1989) studied the effect of fakreturn intervals of two and four years or fire
exclusion over a 20 year period in blackbutt fo@sthe lower north coast. They found that burnt
plots supported predominantly grasses whilst woslayubs were dominant in the unburnt plots.
York (1999) measured vegetation structure on erpantal plots burnt every three years and on
unburnt plots for 20 years in blackbutt forest neart Macquarie. Cover assessments were based
on vegetation height classes (not plant life-forim)t the “very tall shrub layer” (150-200cm) was
significantly greater in unburnt plots. Stewart 429 investigated the plots of York (1999) and
found the seeds of graminoids (sedges and rushds3taubs were significantly more abundant in
the long-unburnt plots. The seedbank of the sbpéties also had a higher species richness in the
unburnt plots. Species whose seeds were foundinlgburnt plots included several graminoids,
and broad-leafed shrubs and trees. Species foulydirotournt plots included grasses, forbs and
shrubs whose germination is cued to fire. Doug Bi(pers. comm. 2005) reports that in the study
area of York and Stewart where fire had been exdud thick subcanopy &yncarpia glomulifera

occurred, particularly in wetter areas. Unlike bhuent sites, unburnt sites had very little grass.

Kitchin, Henderson and Tasker have also studiedeffects of frequent fire in wet sclerophyll
forests. These studies were carried out in wetrgoydl forests of Tablelands in northern New
South Wales. Kitchin (2001) found woody plant spscrichness was lower in Tablelands sites
which had experienced six or more fires in a 25 yeaiod, or where at least one interfire interval
of 1-2 years had occurred, than in either long ambsites or in vegetation exposed to moderately
frequent fire (2-4 fires in 25 years) and relatwébng interfire intervals. One woody species
(Pimelea linifolig was more frequent in more frequently burnt sit€aio shrubs FPolyscias
sambuccafolieand Olearia oppositifolig had lower abundance when the shortest intenfiterval
was lower, while anotheH{bbertia obtusifolig had higher abundance when the shortest interval
was lower. Multivariate analysis of the shrub datdicated significant effects on community
composition for number of fires, length of shortederfire interval, and time since fire. Total
woody plant abundance was considerably higheraarmry-burnt sites which had experienced 2-4
fires in 25 years, with no short interfire intersathan in either long-unburnt sites, or whererfiree
intervals had been short. This pattern held foulsh 2-10m, and for shrubs under 2m. Very

frequently burnt sites had very few shrubs. Maltigte analysis also revealed a cluster of
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herbaceous species associated with the mid-rangeosh variables (number of fires; fire interval
length; time since fire) but with a tendency towsatdgher number of fires. Length of shortest
interfire interval had a significant associationtrwherb species composition. Grass cover was
greatest where fire frequency was high, and/or wiarleast one very short interfire interval had
occurred, and grass species richness was highgstyrfrequently burnt sites. Sedges and rushes
were more abundant where fire had not occurre@ flong time and where interfire intervals were
relatively long. Tussock grassdhiemeda australis, Poa sieberiamad Sorghum leiocladum

dominated high fire frequency sites.

Henderson and Keith (2002) also researched thetsféd disturbance in grassy Tablelands forests.
Only the shrub component of the vegetation wassasse While number of fires was used as a
variable in multivariate analyses, scarcity of melsdimited the authors’ confidence in its accuracy
Disturbance alone accounted for 15% of the vamaitoadult shrubs among sites; mostly this was
attributed to grazing. Fire frequency alone accedrfor only 2.5% of total shrub variation. More
disturbed sites had significantly fewer shrub spea@nd shrub density was also lower in more

disturbed sites.

Tasker (2002) studied plants, small mammals anceriaberates in Northern Tableland wet
sclerophyll forest south and east of Armidale. Sowof her work involved a survey of a large
number of sites (58) across a 1008karea. More detailed survey work was conductetRisites.

Six of these 12 sites had been grazed and butatiintensity ‘green pick’ fires at approximately
1-5 year intervals, while six were in ungrazed aredich had remained unburnt for at least 15
years. Tasker (2002) found that shrubs and snesdktdominated the understorey in ungrazed sites,
while grasses dominated in grazed areas (winicludesfrequent burning). Analysis revealed that
grazing practices, including burning, were havinygfér the greatest effect (Tasker & Bradstock
2006). Sites on a grazing lease where burningdtadrred every 1-2 years had particularly low
vegetation complexity scores. However plant spedEmess wasigher in the six grazed and
burnt sites than in the equivalent unburnt areaasker's 12-site study, at both quadrat and site
scale (Tasker 2002). Species composition alsereidf considerably between the two treatments.
Herbaceous species were particularly well-represkeimt the burnt plots, with many herbs found in

these areas absent, or much reduced in abundamagburnt areas. Ungrazed/unburnt areas
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supported many more fern, climber, and small tpEigs than their frequently burnt counterparts.
Many species in these groups were found only, moat exclusively, in unburnt plots, and many of

them had rainforest affinities.

Fauna

York (1999) presents a detailed and rigorous aisbyfsthe effects of two different fire regimes on
five groups: ants, beetles, spiders, bugs and ifliegassy wet sclerophyll forest. Overall species
richness was identical in the two treatments (bwnd unburnt over 20 years — see above).
However individual groups showed a variety of res@s to the two treatments, as did subsets of
species within them. At subplot level, there wkrss fly and beetle morphospecies (presumed
different species) where burning had occurred,rumbers of bug, spider and ant morphospecies
were higher. These results were significant fasfl beetles and ants. Community composition
also varied within groups depending on fire treaitnevith large numbers of species appearing
only, or mostly, in one treatment or the other. sthime cases differences in species composition
could be linked to habitat features characteristithe two fire regimes. For example plant-eating
bugs, flies and beetles were considerably moreddntron burnt plots, reflecting the dense ground-
layer vegetation in these areas, while flies and &nown to feed in the litter layer were more
common on unburnt plots. On the other hand, Heeding spiders were mostly found on burnt

plots.

York (2000) focuses on ants. This article covesthlihe results for ants of the study reported in
York (1999), which used pitfall traps, and furtivesrk on the same plots carried out several years
later — but also two years post-fire in frequertlynt plots — based on litter samples. Groups of
species unigue to each habitat were identified anhestudy, as was a substantial group that
occurred on both burnt and unburnt sites. YorkO@0concluded that a variety of management
strategies, from fire exclusion to frequent burninguld be needed in the forests of the region to

maintain the full complement of ant species.
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Andrewet al. (2000) also studied ants, but two years after theysreported in York (2000) in the
same study sites. Burnt plots were four years fiastThere were no statistical differences between
the two burn treatments in either the abundancether species richness of the ant fauna.
Community composition did not differ greatly betweeabitats; open areas in burnt sites had the
most distinctive ant assemblages. Habitats weteimgeneral, distinguished by differences in the
abundance of the various ant functional groupdh wite exception: subdominant ant species were
only found in the burnt area. The authors conduthat, four years post-fire, no adverse effects of
burning on ant diversity could be discerned, thanagement should aim to maintain a range of
burn frequencies, and that retained logs in fretiydurnt areas could contribute to invertebrate

conservation.

Results for small mammals, from survey work on tfensively-studied sites, are reported in
Tasker and Dickman (2004). These authors foundlifierence in species richness among the
burnt and unburnt sites but there were big diffeesnin species composition. Bush r&ait{us
fuscipe$ occurred in much greater abundance in the undraael unburnt areas, and Brown
Antechinus Antechinus stuartji also tended to favour these sites. However tepExies were
caught only on the grazed and frequently burnissigad another mostly there — and these were
rarer species, including the New Holland MouBsgudomys novaehollandjaand the Hastings
River Mouse Pseudomys oral)s Swamp RatsRattus lutreolus were also more numerous on

burnt sites.

Bickel and Tasker (2004) report on differences agnmvertebrates for the same 12 intensively-
studied sites reported by Tasker and Dickman (200%g findings were similar to York's;
community composition differed between grazed/bamd ungrazed/unburnt areas, although there
were no significant differences in the overall dsity of invertebrates caught in sticky traps pthce
on tree trunks. Invertebrates other than fliep{&a) were significantly more abundant in grazed

and burnt sites.

Discussion of studies
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In the last few years, studies relating to the atffeof fire in grassy wet sclerophyll forests have
moved understanding forward considerably. Theistudescribed above present a coherent picture
of a vegetation type strongly affected by fire. eThicture is not, however, simply one of
detrimental effects from frequent burning, and uigated benefits from long interfire intervals.
While some groups of plants and animals do indgxxbar to decrease in richness and abundance
when burning is frequent, others increase in tiigson — and decrease when fire is infrequent or
excluded. This picture is familiar from the dissios of ‘states’ in previous sections. In this
wetter, more productive vegetation type, differenbetween fire frequency categories are more

pronounced than in the drier grassy forests andilanals.

Results from Stewart (1999), York (1999, 2000a) Andrewet al. (2000) are particularly valuable

in the current context, as this well-replicated erxpent focuses directly on fire frequency without
the complication of grazing which appears to hagerbunavoidable in a number of retrospective
studies. Unusually, we know more about the effaiftshe two fairly extreme fire regime
treatments on fauna, than we do about their effectiora. The results for invertebrates clearly
indicate that both very frequently burnt areas €aryfire cycles), and long unburnt areas (20 years
of fire exclusion), support an extremely diverseveitebrate fauna. These faunas differ

substantially in composition but are similar inhmess.

With respect to vegetation structure, York (1999)rfd that unburnt plots had significantly higher
cover values for shrubs over 100cm. Given thatfileetreated plots had burnt just two years
previously, this result is unsurprising. Burnttgloon the other hand, had greater cover in theethr
vegetation classes below 100cm. Thus by two yeassfire, these plots were by no means devoid
of cover. This cover, together with flowering afnditing grasses, herbs and resprouting shrubs,

appears to provide suitable habitat for many irel@ete species.

We know less about plants than about invertebrfates the studies of York, Stewart and Andrew
et al However, these studies do suggest a patternagitailthat for invertebrates: both treatments
support many species, but composition differs. I&/Idtewart’'s soil seedbank findings are of
interest, they need to be seen in context: onlyuaboquarter of the plant species found in the
above-ground vegetation were found in the seedi§8tdwart 1999). This finding is typical of

77 Nature Conservation Council NSW



grassy vegetation, as many herb and grass speciast thave a permanent store of seeds in the soll
(Morgan 1998b, 1997d; Odgers 1999; Hill & Frencl®20 Adding Stewart’s findings to the little
we know about the above-ground species complemggests that plant diversity may be higher
where burning has been frequent; that some spgmes;ularly graminoids and soft-leaved shrubs
do best where fire has been excluded; and thatr aibecies, particularly grasses, forbs and I-

species shrubs, may be more diverse and abunddet amegime of fairly frequent fire.

These findings are consistent with both the vitalitautes and the dynamic equilibrium models.
Dominance of large, long-lived, T-species (the $edived species which have increased in
abundance over the years of fire exclusion in umbpiiots must be able to recruit between fires) in
the absence of disturbance is predicted by Nobte Slatyer's (1980) model. A concomitant
reduction in abundance of small, short-lived, ligting species in the absence of disturbance is
consistent with both models, while Binns’ obsematithat grasses and forbs are affected by
shading from thickening shrubs and small trees ptsats to the existence of competition in the

absence of disturbance.

Research into fire in Tablelands wet grassy forestgorces the picture presented by the previous
coastal studies. Rainfall in Tablelands wet scleytipforests is similar to that in their coastal
counterparts, however temperatures would be loweroductivity may therefore be somewhat

lower, particularly as winter frosts on the Tabiela will reduce the length of the growing season.

Frequent fire on the Tablelands was associated aitliverse grassy understorey, while areas
subject to long interfire intervals or long periodghout fire tended to carry more multilayered

vegetation with a strong mesic/rainforest componeihese differences were most apparent in
Tasker’s work (Tasker 2002), which highlighted btita high diversity of grasses and herbs in sites
burnt every 1-5 years, and the relative deartth@se sites of the climbers, ferns and small trees
which dominated unburnt areas. Henderson and K2@00) found considerably fewer individual

shrubs and fewer shrub species in less disturltes, silthough grazing contributed here as well as
fire. Kitchin found fire impacts on composition lbbth shrubs and herbs, with greater numbers of

shrubs — which in her study included various sgbwtlous species — in sites which had
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experienced some fire than in either long unburnteoy frequently burnt sites. Sites exposed to a
high fire frequency were dominated by native tuksgrasses, and length of shortest interfire
interval influenced herb species composition. Jétumter (pers. comm. 2005) also studied the
effects of fire frequency on herbs in upland faseshd also found that herbs declined in long-
unburnt grassy forest areas, and considers thatdhaiding by shrubs, and a heavy litter layer, may

be responsible.

Tasker’s results for both small mammals and in\edies are consistent with the previous coastal
studies. Frequently burnt and long unburnt areggparted particular suites of species, though
species richness was similar. Tasker and Dick(@804) point out that this finding “contradicts
the prediction of Catling and Burt (1995) that dypaforest with fewer understorey shrubs would
have fewer species of small mammals. In this stotyderately frequent disturbance appear[ed] to
result in habitat suitable for early-mid succesalaspecies” (Tasker & Dickman 2004). In their
discussion, Tasker and Dickman (2004) point out tha distribution of the two native mouse
species found only in grazed and burnt sites cporeds with that of grazing leases, and that these
species forage amongst the diverse herbaceous [apenoted by moderately frequent fire.
Although not specifically focused on fire, a losaldy of P. oralis (Townley 2000) also reported
that this species was generally found in sites wifiredominantly grassy understorey, that grasses
and herbs were important food sources, and that pligersity at a small scale was linked to trap
success. This species also appears to need acab=sse, low cover (Townley 2000). Tasker and
Dickman (2004) conclude that “Management of formgeazing leases incorporated into National
Park for the conservation &f. oralisin our view will require sufficiently frequent firdisturbance

to maintain an open and floristically diverse grdwover while still maintaining adequate shelter

cover for the species.”

Some years previously, Christensen (1998) alsoeakgon the basis of a review of the literature,
that retention of frequent low-intensity fire iretlgrassy forest landscapes of Northern NSW would
be the precautionary approach towards conservatiomedium-sized mammals. A number of
Australian taxa in this size range use the earbkt-fice environment and/or grassy areas which are
maintained by frequent fire. Vegetation which pd@s dense cover is also important for species of

this size, and fire regimes which promote the jpgsation of grassy and shrubby patches may be
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vital. The vulnerable Parma Wallabyigcropus parmais an example here (Maynes 1977; NPWS
2002).

Studies in the upper Clarence River valley expldnabitat preferences of macropods and found
species showed different habitat preferences (3aitl& Jarman 1987). Much of the study area
was burnt in patchy fires associated with grazirajmagement: the average interval between fires at
any one point in the landscape was estimated &bbat four years. These areas supported grassy
vegetation which was associated particularly witkstern Gray Kangaroos and Red-necked and
Whiptail Wallabies: each of these species was tinketh specific features within the grassy
landscape. Grey Kangaroos and Red-necked Wallgoéferentially grazed recently burnt areas
(Southwell & Jarman 1987). On the other hand, Rgded pademelons were found only in dense
rainforest.  Several species, including Red-neckRatlemelons and Black-striped Wallabies

sheltered in dense forest understorey during tlgelzla foraged in open forest or pasture at night.

It appears clear, from the range of studies outlimeove, that relatively frequent fire in grassyt we
sclerophyll forests creates an open landscape iehmussock grasses, forbs and some shrubs
thrive, creating habitat which is preferentiallylised by many animals. Vegetation which has not
been burnt for some time, or where fire frequenag been low favours some shrub and non-
eucalypt tree species, particularly those ableetouit between fires. This thicker vegetation has
deep litter layer and is associated with habitatuiees which are important for a different suite of

animal species.

Grassy wet sclerophyll forests can thus exist ileast two ‘states.” The dynamic nature of these
forests suggests they would fall into either Boridlgnate limited but fire modified’ or his ‘fire
limited’ category (Boncet al. 2003, 2005). The extent of successional changeeimbsence of fire
remains to be determined. However as Doug Biness(romm. 2005) points out, the considerable
differences between burnt and unburnt plots atsBGitound have occurred in a relatively short

time-span (20-30 years), emphasising the labilitthis vegetation type.
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Existing fire regime guidelines

DECC New South Wales includes a guideline explicior the grassy wet sclerophyll forest
vegetation type. Suggested intervals are 10 andes0s, with the proviso that “Occasional
intervals greater than 15 years may be desira®tewn fires should be avoided in the lower end of

the interval range” (Kenngt al. 2004).

Discussion of fire regime guidelines for grassy westclerophyll forests: One regime or two?

The NSW guideline for this vegetation type coverwide range of intervals, and refers to fire
intensity. Is it possible that both occasionalhhigtensity fire, and more frequent lower intensity
burns, play a role in conserving diversity in gyag®t sclerophyll forests? In Victoria, ‘tree killy’

fires in Eucalyptus regnanforests may be interspersed with less intense anbgy fires, which
regenerate thé®omaderris asperaunderstorey (Ashton 1976; McCartley al. 1999). Similar
dynamics have been recognised in North America® @ind mixed conifer forests. There, the
interplay between different sorts of fires and kErape features once created a shifting mosaic of
vegetation structure and composition which providewide variety of habitat and helped limit
forest susceptibility to large-scale insect-reladesturbance events (Hessbetgal. 2000; Keaneet

al. 2002).

The relationship between fire and eucalypt speicieset sclerophyll forests is not the same in all
wet sclerophyll forest (WSF) types (Florence 1996)vhile the concept of occasional stand-
replacing fires fits well for obligate seeder eypalspecies such d& regnansandE. delegatensis
(the latter species occurs in southern NSW), tHatiomship between high intensity fire and
resprouter WSF eucalypts is less clear. Keith 4208ts dominant tree species in each of his
vegetation formations, while the NSW Fire Respobs¢éabase (DEC 2002) summarises what is
known about the regeneration mode of individualcs®e No tree species listed by Keith for
Northern Rivers wet sclerophyll types is unequiVlycalassed as an obligate seeder, although
several act in this manner under certain circuntgsn Two grassy subformation eucalypts,
Eucalyptus pilularisand Eucalyptus obliquaresprout in the drier part of their range, but mot

wetter areas (DEC 2002). Thus most if not all Nemh Rivers grassy WSF eucalypts are unlikely
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to die en masse in a fire, and are also unlikelyxbibit the ‘wheatfield germination’ of their
obligate seeder counterparts (Florence 1996). eRtmr (1996) suggests that high intensity fires in
‘fire-tolerant’” WSF may kill individual trees or gups of trees only where they are senescent or
weak, creating small patches of even-aged regralipersed though the forest. There is an
implication here that intense fire plays a role providing conditions needed for eucalypt

regeneration, however we are not aware of studidseasing this topic directly.

Low to moderate intensity fires may have littleeetf on the WSF overstorey, however they may
play an important role in understorey dynamicss fpossible that the DEC guidelines pertaining to
the forest type under discussion represent sontethiran uneasy compromise between the fire
requirements of overstorey and understorey. Tampromise position could fail to deliver either
sufficiently frequent low intensity fire to maintaa range of understorey habitats, nor sufficiently
infrequent high intensity fire for eucalypt regest®n. The concept of a ‘two tier’ regime is

proposed as a way out of this dilemma.

Uneasy compromises may also be inevitable in aamg-stide guideline for grassy wet sclerophyll
forests. As noted above, there are likely to bgomdifferences across NSW in the nature of the
relationship between WSF trees and fire. Undesgtatynamics may also differ considerably,
reflecting differences in climate from the subtagi north to the subalpine south. These

differences highlight the benefits of tailoring iregs for smaller geographic areas.

The upper threshold of 50 years proposed by Kestrgl. (2004) may in part reflect the authors’
desire to ensure a reasonable life-span for oleligaéder eucalypts, which they note may occur in
this vegetation type. This figure was obtainedblypassing ‘most sensitive’ plant species with
lifespans of 20, 30 and 35 years (Keratyal. 2004). In fact, 50 years would be a very shdet li
span for obligate seeder eucalypts: for exanmplealyptus regnandives for 350-500 years
(McCarthyet al. 1990) and only starts producing the tree hollowedusy arboreal mammals when
it reaches about 120 years of age (Lindenmayeal. 1997); E. delegatensiswhich occurs in
similar habitat, may develop over a similar timefea Mackowski (1984) found that hollows in
blackbutt trees near Coffs Harbour did not startfdon until trees were over 100 years old.

Conversely, short intervals (for understory firgspvide habitat for a range of species. It is

82 Nature Conservation Council NSW



suggested that by reframing wet sclerophyll figimees as having two tiers, and acknowledging the
major differences between forest types in the narll south of the State, this paradox can be

resolved.

Interval domains for understorey diversity

High intensity fires will occur when weather comaoiits are extreme, whatever the regime at other
times. Of more concern for vegetation managershé nature of the ‘second tier’ regime

(understorey fire). Here, a range of interval®sasiboth time and space may be desirable.

We know that quite frequent fire — fire at 1 to éay intervals — is associated with diverse ground
layer vegetation (Stewart 1999; Tasker 2002) amigh abundance of many invertebrate species
(York 1999, 2000a; Andrewt al.2000; Bickel & Tasker 2004). This regime also pdeg habitat

for a number of rare small mammals (Tasker & Dickn2®04). However burning at very short
intervals will limit the extent to which vegetatipnogresses down the path towards shrubbiness and
high litter levels (Birk & Bridges 1989; York 1998%tenderson & Keith 2002), features which are
important for conservation of another componenfarést diversity (Catlinget al. 2000; York
2000a; Tasker 2002; Tasker & Dickman 2004).

The existence of two understorey ‘states’ suppgrtiistinct suites of species in the grassy wet
forests of Northern NSW implies the need for a fiegime which supports the existence of each
state somewhere in the landscape. In some placesieeds to happen often enough to maintain
open, grassy forest environments rich in grassdsarbs, where early-successional animal species
can thrive. Other places need to support goodigizeches of thicker vegetation where mesophyll

shrubs and late-successional fauna can flourish.

This proposal is in line with the recommendatiohsrork (2000a) and Andrevet al (2000). It
would also provide the shrubby vegetation advocdtgdHenderson and Keith (2002), and the

“open and diverse ground cover” recommended by 8faakd Dickman (2004), albeit in different
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parts of the landscape. Both Tasker and Dickm@84pand Christensen (1998) also point out that
some animals need access to both open areas asdrdmver; a mosaic of open and shrubby

patches should fulfill that requirement.

What will it take to retain significant open arg@tate 1) in the grassy mesic forest landscape?
These productive landscapes may need more freglistatrbance than their drier counterparts.
This reasoning suggests intervals in the 2 to 5 sgaye. While it is possible that a wider ranfje o
intervals (e.g. 2-7 years) may also produce thdtdtateeded by the suite of species that uses open
grassy vegetation, this possibility has not yetnhbiegestigated. Two to five years encompasses the
regime in coastal studies of York and approxim#tes in Tasker's burnt/grazed areas, and would

allow time for dense grassy vegetation to devethoine later post-fire years.

What regimes might provide habitat for both scléngdp and mesic shrubs, and mid to late
successional fauna (State 2), without settingamtirreversible successional processes? Thexe is
need for relatively frequent disturbance in weftgests. Intervals in the six to 15 year rangehwi
occasional intervals up to 20 years, would beria lvith this thinking. This range is similar tath
encountered by Kitchin in her moderate fire frequersites, and probably encompasses a
proportion of Tasker's unburnt areas. In the codlablelands environment, slightly longer

intervals would probably be appropriate — see summaidelines below.

The rider to the DEC guideline — “occasional intdsvgreater than 15 years may be desirable” —
can be read as a recommendation thastintervals fall within the 10-15 year range. Thrings

the guideline closer to the secondary regime recenaation in the fire frequency guidelines
currently in use in south-east Queensland (6+ yeavgatson 2001), and to the State 2 regime
proposed above. It is worth noting that Keretyal. (2004) identify only two ‘most sensitive’
species in grassy subformation wet sclerophylldoreith a minimum time to maturity of greater
than one year. This suggests that although thet shiervals recommended tomaintain open
understoreys will undoubtedly disadvantage somet@pecies, the number disadvantaged may not
be high.
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The need to limit the abundance of lantana and @ketic invaders may have a bearing on the fire
regime used. Birk and Bridges (1989) reported areimse in lantana on their 20-year unburnt plots,
and anecdotal evidence suggests this shrub is arrpepblem in some long unburnt Northern
Rivers forests (Wardell-Johnson & Lynch 2005). Tpessibility of a link between eucalypt
dieback and fire exclusion has also been suggé3tedkis & Turner 2002), although researchers
are a long way from untangling the web of factorgolved (Wardell-Johnson & Lynch 2005).
Recent work in the Richmond Range has confirmedssociation between dieback severity, bell
miner density, shrub cover, lantana abundance sahdmmonium levels (Stone 2005). Logging,
grazing, fragmentation, soil pathogens, and chamgéydrology and nutrient cycles may also be
implicated (Wardell-Johnson & Lynch 2005).

The two-tier fire regime concept calls into questiiow the two regimes might interact in relation
to overstorey recruitment. If occasional intensklfives do indeed play a major role in eucalypt
recruitment, would secondary regimes, particulirdguent burning, need to be suspended to allow
seedlings to reach the point where they can sutaweintensity fires? Or might continued low
intensity burning play a positive role in thinniggung eucalypt regrowth? Might a cessation in
burning result in more intense fire, and more dasrtagyoung trees, when the secondary regime is
eventually reinstated? Does the nature of the nstaley affect eucalypt recruitment? Might either
thick grass or thick shrubs pose difficulties fooupg eucalypts? Might these competitive
interactions, if they exist, help regulate sapldemsity appropriately? We do not have answers to

these questions at present.

The concept of a mosaic of states also raises iquest One concerns the scale of the mosaic —
should we aim to have large patches in each state,fine-scale mosaic of grassy and shrubby
areas? A precautionary approach is to build ont\ehaady exists, taking into account landscape
features. In areas that have been managed onistentals in the past, it may be appropriate to
maintain much of the landscape in an open statenbrease habitat diversity through reducing fire
frequency in gullies and in other more mesic areAseas where fire has been less frequent and

shrubs are thicker could be managed accordingl) miore open areas being introduced into the

85 Nature Conservation Council NSW



matrix through more frequent burning in strategidches. In places where one state or the other
dominates most of the landscape, it may be desifabestablish a more equitable distribution of

states through greater or lesser use of fire.

Application to the HCR CMA grassy wet sclerophyll brests

The work carried out on the north coast and nontl&plelands is very applicable to the grassy wet
sclerophyll forests of the HCR CMA. Many of thegand threatened taxa (e.g. Parma Wallaby;
New Holland Mouse and the Hastings River Mouse) filneour open more frequently burnt sites in
this vegetation type are also recorded from the HEBRA. Although there are regional differences,
many of the uderstorey species are also the sametfre two areas. Hence the recommendations
of Watson (2005) are adopted for grassy wet sclefbforests of the HCR CMA. These are as
below.

Summary recommendations

Grassy wet sclerophyll forests of the coastAn interval range between 2 and 20 years is

recommended. Some areas should be managed to aetaipen, grassy environment: patchy low

intensity fires at 2-5 year intervals are sugges®ther areas should be managed for a multilayered
understorey: variable intervals between 5 and 2frsyare suggested here. Occasional high
intensity fire may be important for eucalypt regexti®n.

Grassy wet sclerophyll forests of the upper Hunteor from high elevations. An interval range

between 2 and 25 years is recommended. Somesreakl be managed to retain an open, grassy
environment: patchy low intensity fires at 2-7 ya#tervals are suggested. Other areas should be
managed for a multilayered understorey: variabtervals between 8 and 25 years are suggested

here. Occasional high intensity fire may be imaiottfor eucalypt regeneration.
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Wet sclerophyll forests - shrubby sub-formation

In the 1960s and 70s, Alex Floyd conducted somehefearliest fire ecology experiments in
Australia in wet forest near Coffs Harbour. Onadgt (Floyd 1966) sought to understand the
germination of shrub species which compete withayt seedlings attempting to establish after
logging. ‘Weeds’ considered particularly probléimavere the fire-cued native shrub®donaea
triquetra, Indigofera australis Kennedia rubicundaAcacia binervataand Acacia irrorata Al
these species germinated in greater abundance hdadad. In a later field study B pilularis/E.
grandisforest, Floyd (1976) found less seed of two commanforest pioneer specie€dllicoma
serratifolia and Piptocalyx mooréi in a site which had had two fires at approximateb year
intervals, than in a matched site which had burafter 30 years without fire. The short-lived,
shade-intolerant specidsacia binervatahad more seed in the more frequently burnt sitdact

no seed of this species was found in the soil fiteerlong unburnt site

Smith and Guyer (1983) surveyed a rainforest/WSBtage in Giraud State Forest east of
Tenterfield, using a series of 100m transects.| [@ofiles were similar in both vegetation types.
Charcoal was present in the upper layers of thelgpiforest soils, but not in the rainforest.
Charred logs, stumps and fire-damaged trees wer lahited to eucalypt and ecotone areas.
Large, old eucalyptsE, saligna E. microcory$ penetrated furthest through the ecotone towards
rainforest, while small eucalypts were comparagivere. Conversely, the smallest rainforest trees
penetrated furthest towards the eucalypt foresbmRhis study and a companion one at Barrington
Tops, Smith and Guyer (1983) concluded that thefeeest was advancing, and the eucalypt forest
retreating, across the ecotone in these sitesthaidire delineated the boundary. While several
fires had occurred in the vicinity over past desadlee exact extent and frequency of fires at surve

sites was not known.

Turner (1984) used carbon dating to study the faqu of ‘severe fires’ in a coastal valley in
Whian Whian State Forest. He counted layers ofotizd in the soil of three vegetation types: gully
rainforest, adjacentophostemon conferttdominated wet sclerophyll forest, and blackbutefd

on the slopes above the brush box. Estimated g&dige return intervals were: rainforest, 1100
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years; brush box, 325-380 years; blackbutt, 280sye# was not possible to tell whether the fires
detected in this study were interspersed with foebwer intensity which did not show up in the

charcoal record.

Campbell and Clarke (2006) studied the fire respasfsshrubs and subcanopy species in shrubby
wet sclerophyll forests on the Northern Tablelaafier a low intensity fire. In contrast to previous
Victorian studies (with high intensity fire wher@% of species resprouted), > 80% of these species
resprouted after a single fire. Campbell and Cl48k96) considered their findings consistent with
a previous study in northern New South Wales wité&8 of species resprouted (cited by Ashton
1981). There was also an associated low variahilitifin a species in fire response (i.e. the spgecie
were well classified as either resprouting or nesprouting). Campbell and Clarke (2006)
hypothesize that resprouting also has selectivaradges where mechanical damage (e.g. cyclones
or strong storms) occurs. They propose that a gnadiom the wetter more rainforest understorey
species (that generally resprout) to the sclerdpbglunderstory species (that typically occur ia th
drier more fire prone forest areas) occurs, thersphyllous species being more prone to seeding in
response to fire. In contrast, Tierney (unpublisiieda) investigated the speciPsostanthera
askaniain a study which included aspects of its fire eggland population modeling in response to
fire and varied disturbances to the forest. Thiscgs occurs on the Central Coast from rainforest
margins to shrubby wet sclerophyll forests. Thecaseis killed by fire and seeds prolifically post-
fire in eucalypt forest, but also probably colosisEnopy gaps in the absence of fire. This is a

species that has both fire and disturbance drigeruitment.

Discussion of studies

Research into the role of fire in wet sclerophyidst with a mesic shrub understorey has been
sparse in the subtropics. As noted in the prevemgdion, work from Victoria’s Mountain Ash
(Eucalyptus regnandorests is not necessarily relevant. These Viatostudies, along with those
from North Queensland, are reviewed by Watson (R0®tho concludes that there is still much to
be understood in relation to this forest type, eadtions that suggested fire regimes for WSF may
well need modification as research findings comieaiod. This situation has not changed.
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Floyd's first study (Floyd 1966) documented the nawell-established effect of heat on legume
germination. It is interesting that these fire-@@pecies had soil-stored seed in a forest tygegha
generally considered to have a mesophyllous uratessta comparison of tree species placed this
site in Keith’s North Coast Wet Sclerophyll Forestegory. Floyd’s second study (Floyd 1976)
showed a shift in the seedbank away from early-nrajushade-intolerant species toward species
that are slow to mature but tolerant of shade.sl®rably this is succession in action. The lack of
any Acacia binervataeed in the site unburnt for 30 years suggestsfg@sies needs intervals well

below this level to persist in the community.

Smith and Guyer (1983) also document successiaction. It is interesting that the rainforest
advance was occurring despite some fire in theoseoat both study sites, and despite the high
altitude in Barrington Tops (1340m): it suggestst thuccession can proceed not only where fire is
excluded, but also where it is infrequent. Unfodtely, we do not know the fire history of Smith

and Guyer's sites.

Turner’s estimated fire return interval for blackbtorest — 280 years (Turner 1984) — implies
either that fires were extremely far apart priorBoropean settlement, or that if fires were more
frequent, they were generally not intense. It seemigely that wildfires in landscape-wide old
fuels would be so far apart, given the fire-proregure of Australia’s eucalypt forests. This
suggests that these forests had some protectimughrreduction of fuel in low intensity
understorey fires. Also, the studies discussed@hmgether with those detailed in the section on
grassy WSF, strongly suggest that eucalypt foresildvsucceed to rainforest during a 280 year
interfire interval — although whether and how fté$ would actually occur at any particular site is

unknown.

Existing fire regime guidelines

Guidelines for south-east Queensland do not cledidiinguish between wet sclerophyll forest
subformations. The relevant parts of the guidelewds: “high intensity fire catalyses regeneration

in eucalypt-dominated wet sclerophyll forests. dfiie in its natural season should adequately
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fulfill this role in most cases. Intervals aredik to range between 20 and 100+ years.” “Less
intense understorey fires may also play a rolemestall eucalypt forests... Intervals below ....12
years for shrubby systems, are not recommendédgtiostemon confertybrush box) dominated
forests are probably adapted to very long inteifitervals, and may not need fire at all.” (Watson
2001a).

Kennyet al. (2004) recommend intervals between 25 to 60 yedtss,the proviso that “Crown fires

should be avoided in the lower end of the interaabe.”

Discussion of fire regime guidelines for shrubby wesclerophyll forests: One regime or two?

This question is also relevant for this vegetatigoe. Shrubby formation wet sclerophyll forests
may be more likely to host obligate seeder eucalypan their grassy counterparEjcalyptus

grandisis a candidate. This species lacks a lignotubémimy coppice, according to the NSW
Flora Fire Response database (DEC 2002). Kenmy. (2004) note that dominant WSF eucalypts
may be obligate seeders, do not have soil-stored, send thus will be vulnerable to local extinction

in the face of a single short inter-fire interval.

Again, current guidelines may represent an uneasyipcomise between the occasional high
intensity fire needed to ensure successful gemsati change in eucalypts, and a regime
appropriate for the understorey. Kergtyal. (2004) bypassed lifespan figures for ‘most sevesiti
species of 15, 20, 30, 35, 40 and 50 years befettitng on a maximum threshold of 60 years.
These lower figures may represent more than inac@s; they may flag the need for a secondary
regime of understorey fires. And again, even & interfire interval would be extremely short

for an obligate seeder eucalypt.

Turner’s findings, although limited to a singleesitimply that the time between intense wildfires in
the past, may have been very long indeed. An geeiaterval of 280 years is, however,

compatible with what we know about the lifespambligate seeder eucalypts.
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Interval domains for understorey diversity

There is a paucity of data to determine appropfiederegimes for shrubby wet sclerophyll forests.
The vital attributes analysis provided in Kenay al. (2004) provides some clues. This sets a
minimum fire frequency of 25 years. This assessnasstimes that obligate seeder eucalypts are
present, but there remains some uncertainty baihtahe distribution of obligate seeding eucalypts
in central and northern NSW (there may be no ot#igeeder eucalypts in many areas), and about
the length of juvenile periods. Apart from the gps with a reputed 25-year juvenile period, the
most sensitive species with the next longest timenaturity in the Kennyet al. analysis has a
juvenile period of about 10 years. Taking thisufigg and the second-lowest figure in the lifespan
chart (which sets maximum intervals) would giveaage of 10-20 years. This range would be
compatible with retention ofcacia binervatathe species Floyd (1976) found missing from the
seedbank of a site with a 30 year interval. Urtdeey fires at a frequency of 10-20 years may,
however, generally reduce the density of the shaybr relative to understorey fires at 25-60 year
intervals. This may have effects (both positive aedative) for fauna, for example nest sites for
bell miners can be located in this shrub layer.orf&n intervals might also, however, encourage
fire-cued shrubs at the expense of T-species amsl rtfaintain a dense shrub layer, albeit one of

somewhat different composition.

These forests probably fall into Bond’s ‘fire-lirad’ category, implying the potential for at least
two states to exist at any one site. Kemyal. (2004) discuss this possibility explicitly: “Wet
sclerophyll forests are considered to be a sucmesisstage between open forest and rainforest,
leading to differences of opinion regarding managetn Frequent fires (c.15-20 years) will favour
the sclerophyllous species over the rainforest efgm with the forest tending towards dry
sclerophyll forest or even scrub. Conversely, l&rgyintervals (c. 100 years) allow encroachment
of more rainforest species while suppressing estabent of sclerophyll species, resulting in
‘expansion’ of rainforest into wet sclerophyll fete (Ashton 1981).” The implication here is that
possible states may include not only rainforest\W®F with a range of understorey types, but also

other sclerophyll vegetation formations. Of courigs statement and the figures in it are a
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generalization covering a diverse range of foresi®ss the state. Juvenile periods of obligate

seeders may also be shorter in warmer areas (KnGlage 2004).

Application to the HCR CMA shrubby wet sclerophyll forests

Watson (2005) could not recommend an explicit fegime for shrubby wet sclerophyll forests of
the Northern Rivers of New South Wales. These diywhet sclerophyll forests (and those of the
HCR CMA) are likely to be successional in many tawas and replaced by rainforest over time and
this is driven (at least in part) by absence &.fivatson hypothesized that the Northern Rivers wet
sclerophyll forest understorey can exist in thrégtes whose maintenance is mediated by the
frequency of understorey fires:

» State 1 Understorey dominated by grasses, herbs and $éth occasional, mostly I-
species shrubs. It is hypothesized that this &ateintained by fires at approximately
2-6 year intervals.

» State 2 Understorey dominated by I-species shrubs. €Gisg shrubs present in low to
moderate abundance. Grasses, herbs and fernstibesén lower abundance than in
State 1. It is hypothesized that this state ista@ned by fires at variable intervals
between 7 and 20 years. Note that this state raagdre viable in some types of wet
sclerophyll forest than others: in those with atigkly thick overstorey canopy, low
light levels may limit the distribution of scleroghshrubs.

» State 3 Understorey dominated by T-species shrubs, aresy It is hypothesized that
this state develops in the absence of fire andtisaversed by fires at intervals above 20
years. If fire continues to be excluded this stegasitions to rainforest.

Shrubby wet sclerophyll forests with a mesic uneey (state 3) are likely to be maintained by
fire intervals greater than 20 years and less 8tato 100 years. This broadly accords with Kenny
et al. (2004), however, there remains a high degree otmainly around these fire frequencies.
More research is needed that addresses our liraitddrstanding of fire in these forests. Watson
(2005) suggests a number of research approacliestavith this uncertainty. These included fully
replicated, long-term field experiments or the aseomparative fire histories from equivalent sites
to determine if these drive site differences. Addially, population modeling of sensitive species
(Tierney 2004; Mengest al 2006; Tierney unpublished data) or at the sydtaml (McCarthyet

al. 1999) can provide insights that will help estsibicredible fire regimes.
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b.

Fig. 5. Following a low intensity fire in wet sctgrhyll forest (a) standing plants of the endangered
speciesProstanthera askanikave been killed but regeneration via seed is roicgu(b) one year

post-fire.
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Subtropical and temperate rainforests

Rainforests are generally regarded as fire semssidiad naturally subject to infrequent fires
(Bowman 2000; Bradstockt al 2002). Indeed the absence of fire for long tinegiqus is a
requirement for ecological succession from eucdigpst to rainforest. This concept of a post-fire
driven succession from eucalypt forest climaxingamforest is largely founded on the work of
Noble & Slatyer (1980). The empirical basis forithmncept of “vital attributes” (attributes that,
for example, predict that rainforest species widlMy invade wet sclerophyll forest after fire) was
observations of Victorian Mountain Ash — Warm Temgpe rainforests. However, it is generally
acknowledged that this type of successional sequeecurs across mesic coastal rainforests of
eastern Australia (e.g. Unwin 1989; Harrington &&arson 1994; Harrington 1995), although

rigorous studies of this phenomenon are limitee @wubby wet sclerophyll forests above).

These successional sequences drive rainforestlygidorest boundaries that are highly dynamic
in relation to fire regimes (Henderson & Wilks 197Hence, this model predicts that alteration of
the fire regime (predominately the fire frequencgn lead to changes in the areal extent of
temperate and subtropical rainforests. Over hisabtimeframes rainforest distributions therefore
vary driven by changing fire regimes. These altefiegl regimes are linked to climate and its
variability and long-term climate changes (Bradktet al 2008). However, it is also considered
that aboriginal burning practices were previoudly gcale that they substantially contributed ® th
pattern of vegetation in forested landscapes itegag\ustralia (Gill & Catling in Bradstocét al
2002; Kershawet al in Bradstocket al 2002). Post European settlement there is evidémae
changes in fire regimes have also occurred leadmgaltered rainforest distributions and
compositions. This can include an expansion offoa@st into eucalypt systems due to local

changes in fire regimes (e.g. Harrington 1995).

The broad patterns of this fire response modeluyrepical and temperate rainforests can provide

useful system level management principles forffirehese rainforests. However, in doing so, there
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needs to be caution in that the empirical basisafdiroad application of this model is limited.
Generally, rainforests need to be excluded frompadiscribed burns since appropriate return
intervals exceed the century scale (assuming the gb maintaining the rainforest pre-burn
distribution). However, these system level prinegpldo not necessarily carry over to the
management of individual species. The native mpetcesP. askania for example, can occupy
forest gaps within rainforests of the Central Caasdl its recruitment may be enhanced by low
intensity fire (Tierney 2006). The viability of polations of this species within rainforest systems
is however unclear because modelling has demoedtthé importance of recruitment processes to
long-term population trends, but there remains taggy about realised recruitment levels under
field conditions (Tierney unpublished data). Patdly, fire intensity (not just frequency) may

contribute to population outcomes for this species.

Weed invasion (e.gLantana camarp may significantly alter fire intensity on dry rdorest
boundaries (sePry Rainforestdelow), but there appear to be few definitive Eador subtropical
and temperate rainforests. This is a questiontefest for land managers who work with rainforests
in fragmented / disturbed settings. It is cleart thanall rainforest remnants will be subject to
significant alterations in microclimate and weedpagule intensity (Hobbs & Hopkins 1990) that

may interact to produce fire events that are dffiein character and outcome to those of the past.

Conclusions - Subtropical and temperate rainforests

* The subtropical and temperate rainforests ofHboater Central Rivers CMA are spatially limited

by fire.

* Fire should be excluded from sub-tropical andgenate rainforests if these are to be maintained

on a given site.

* Alteration of fire regimes of subtropical and tperate rainforests can drive long-term changes in
diversity and distribution of these forests. Altéoa to these regimes can accompany fragmentation

and development.
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* There is some evidence that weed invasion magragt with fire to alter fire regimes in these

forests but more research is required to undergtoadthese processes interact in these systems.

Dry rainforests

Dry rainforests occur across the HCR CMA and ineladrange of structural types (here extended
to includevine thickets to closed forests) and floristicarsations (Peake 2006; Somerville 2009).
Floristically they characteristically include caryogpecies that are unlikely to persist with frequen
to moderate fire frequencies (eAcrmena smithjiBackhousia myrtifoliaPittosporum undulatuin

as well as species that are tolerant of moderegdriquenciesAngophora floribundaEucalyptus
punctatd. Species regarded as fire sensitive are oftemiment, implicating fire as a significant

factor in limiting the distribution of these dryiméorest systems.

Few detailed fire studies have been undertakemyimaidnforests. The most pertinent studies of fire
in dry rainforests include those of Gentle and Dnd#997) and Russell-Smith & Bowman (1992).
Gentle and Duggin found that fire from adjacentrofiests can move across the ecotone into dry
rainforests of the NSW tablelands and alter theisic composition of these systems. This was
exacerbated where the weed spediagtana camarawas present, potentially threatening the

viability of the generally small patches of drynfairest present.

The fire response of prominent species in the HBRAGIry rainforests likely to be fire sensitive
was searched in DEC (2002). This is shown on Takded can be used to infer that a number of
species can establish without fire (including seespeecies) and some may resprout but may be
sensitive to short fire intervals. Some speciessfEcies) might potentially be site dominants
without fire and the fire ecology of some speciesunknown. It is not possible to confidently
prescribe a recommended fire interval on this inglete dataset. However, fire interval of < 20
years could eliminatéd\cmena smithiform the coastal dry rainforests whilst longeremals (of

some decades) may allow the vigorous shiittosporum undulaturto dominate in some areas.
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Table 2. Important fire response characteristicsashe prominent species considered likely to be

fire sensitive in HCR CMA Dry Rainforests.

Species Regeneration Establishment Seed VA Minimum Maximum
(fire response) T= without fire | storage | Group maturity maturity
S = seed R = resprouts (years) (years)
Acmena smithii R (9% mortality) T transient VDT 5 30
Eliminated by two fires
within 20 years
Alectryon subcinerus Sr (may resprout if low T transient DT 5 9
intensity)
Backhousia sciadophorg - - - - - -
Backhousia myrtifolia R VCI transient - -
Brachychiton populneus - - - - - -
Clerodendrum R - - V - -
tomentosum
Ficus rubiginosa R | - VDI 3 -
Melia azedarach R - transient VD 5 -
Pittosporum undulatum Sr T transient DT 6 8
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Key to the symbols used in Table 2 (from DEC 2002).

Persistance

Group: Persistance attributes:

D Propagules always available; ie widely dispersed

S Propagule store long lived (and some seedbank nsnadier disturbance)
G Propagule store exhausted (germinates or losisatfsturbance

C Propagule store short lived (transient or loseaescence of plant)

Y, Resprout but lose reproductively mature tissudigegptuber shoots

U Resprout and rapidly reproductively mature; eg ggroc flowerers

Wi Adults resprout (& reproductively mature) but juiles die

Establishment

Group: Tolerance: Establishment:
| Intolerant of competion Establish and grow orfiegadisturbance
Tolerant of a wide range of site Establish and grow both after disturbance and itureacommunity; eg shade
T conditions tolerant species
Require conditions of mature
R community Establish only in mature community, nid¢adisturbance

Transition. Persistance + establishment

Group: Species type: Disturbance regime resulting in local extinction:
1 DT, ST, VT n/a

2 GT,CT frequent (interval < m)

3 DI n/a

4 Sl infrequent (interval > |+e)
5 Gl either (m > interval > I+e)
6 Cl either (m > interval > le)
7 VI infrequent (interval > 1)

8 DR, SR n/a

9 GR, CR, VR first disturbance

10a dT, sT, gT, UT, WT n/a

10b dR, sR, gR, UR, WR n/a

11 dl n/a

12 sl infrequent (interval > I+e)
13 gl either (m > interval > I+e)
14 ul, Wi infrequent (interval > [)

Conclusions - Dry rainforest

It is currently not possible to provide guidelin® recommended fire regimes for the dry
rainforests. It is likely that frequent fire (reped short intervals of ~ 5 -7 years or less) isliko
cause the decline and elimination of some promispaties. Inter-fire intervals of several decades
are more likely to sustain these species. A nunabggrominent species will also recruit in the

absence of fire, but there is limited empiricald®rice that these species become site dominants in
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these forests in the absence of fire. There isem fier specific research into the fire ecology of

these forests.

Littoral rainforests

There are few if any studies of fire in littoralmrests. Thus appropriate fire regimes can orly b

applied from a consideration of the recorded fiomlegy of the component species of these

systems. Prominent species likely to be intoleddfire include those in Table 3 (below).

Table 3. Important fire response characteristicsashe prominent species considered likely to be

fire sensitive in HCR CMA Dry Rainforests (see Kayove).

Species Regeneration | Establishment Seed VA Minimum Maximum
(fire response) | T=without fire | storage | Group maturity maturity
S = seed R= (years) (years)
resprouts
Acmena smithii R (9% mortality) T transient VDT 5 30
Eliminated by two
fires within 20
years
Cupaniopsis anacardioides Rs T persistentt VDT 5 -
(soil)
Endiandra sieberi R - - VD - -
Guioa semiglauca - - - - - -
Alphitonia excelsa R Persistent| VSI - 8
(soil)
Syzgium paniculatum SR transient? Cl - -

Syzgium oleosum

Elaeocarpus obovatus
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There is a paucity of data for a number of thesemment species. Some species are likely to
recruit without fire, but little has been documehtbout many specied&cmena smithiis one
species that short fire intervals (< 20 years) alilininate from a site.

Conclusions — Littoral rainforest
It is currently not possible to provide guidelinfss recommended fire regimes for the littoral

rainforests. Inter-fire intervals of several deadege more likely to sustain a number of the

important tree species of these forests. Howekiergtis a critical need for research.
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This review has addressed the fire ecology liteeator the most widespread vegetation types in the
HCR CMA (Grassy Woodlands; Heathlands; Dry SclepipRorests; Wet Sclerophyll Forests;
Rainforests) as well as Grasslands (not widespbesbf high conservation significance). The
vegetation types recognized in this review are éhibmt fit within the formations and classes of
Keith (2004) and their local representation wasenaiced to Somerville (2009). A general
summary of this review is provided below (Table 4Jowever this necessarily oversimplifies the
findings of the review and these comments are tbergqualified by the detail provided for each
vegetation formation in the text. It is also catito understand that temporal and spatial vaitgbil

is important: recommended fire frequencies do mgresent an invariant regime and that fire

patchiness will often be an important goal.

Specific limitations

1. The broad vegetation groups (formations) ofepresent vegetation types spread across a large
spatial extent that encompass significant gradientltitude, rainfall and soil productivity. The
literature suggests that these gradients can aterelith differing fire response characteristics in
the region. Clarket al (unpublished manuscript) reports generally longénary juvenile periods

in Tableland vegetation types compared to that nedoelsewhere and some variations among
Tableland species in primary juvenile periods friti@ drier western areas to eastern locations. The
number of studies and the spatial extent of thetzmn formation relative to the location of these
studies needs to be considered in relation to pagisc location of interest. A logical extensioh o
this review would be to map studies against envirental gradients and / or spatially map the

study locations against the extent of a given faiona

2. The season of burn and the intensity of therfeed to be carefully considered, these variables
may significantly affect the outcome of a giverefife.g. Knox & Clarke 2006b)t may be that
these are particularly important considerationsabsee planned fires will typically not be hot

summer fires and will be therefore different te§irexperienced in the past. The ecological impacts
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of varying intensity may be greatest at lower istBas because some low intensities may Kill or
reduce the mass of standing plants but not trigged recruitment (e.@@anksia marginata- P.

Clarke, pers. comm.).

3. This review has not considered all vegetatigresypresent in the CMA. Wetlands, for example,
can be subject to fire and these can cause magmgels to the vegetation of these systems (Fig 6).
However, there is a paucity of literature to revigwead across a variety of very different wetland
types and very little capacity for general pattedmbe discerned. In addition, there are likelypéoa
variety of complex interactions among fire eventsl hydrological processes that determine
outcomes for a given fire. There is an urgent rteednderstand these interactions with respect to
fire and a literature review will currently shedmdnsights into the general effects of fire in

wetlands.

Fig. 6. AMelaleucadominated wetland photographed four years post-fire Melaleuca trees no
longer dominate the burnt area which is now doneiaby weed speciesly{pha orientalis
Ageratina adenophoraZantedeschia aethiopitaThe developed catchment of this wetland has
probably increased run-off and seeds released frmrburntMelaleucatrees may be unable to

establish in this altered hydrological regime.
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Table 4. Summary fire guidelines for the HCR CMA.

Broad Vegetation

State Guideline

Summary points from this review

Type (Kenny et al. 2004)
Grasslands 2- 10 years Generally: Statewide guidelines are supported.oE&g sites and sites on poorer soils may requsse
frequent fire. Grazing may maintain open structugite-by-site assessments required for some
Occasional threatened species in these grasslands

intervals greater
than 7 years in

coastal areas.

Themedaoastal headland grasslands — Cohn (2004) recods1®M0 years as generally appropriate.

Intervals need to be managed to address speaifiatdned species. Growth rate§bémedanay be

limited in exposed situations and this would redfileintervals to maintain diversity.

Austrostipa aristiglumigirasslands are likely to be of lower productititgn Themedagrasslands and
may require less frequent fire (than the 2- 10 yrt@rval).

Themedd Poadominated systems of the slopes and montane aredikely to require inter-fire

intervals towards the upper end of the state-wédemmended intervals (perhaps 5-10 years).

Grassy woodlands

5-40 years

Occasional
intervals greater

than 15 years

Research in sub-coastal and western slopes woadtarggjests intervals in the lower part of statewid

range, ie 5-20 years. New England Grassy Woodlamay have lower growth rates and a minimur
8 years is recommended by Knox & Clarke (20@icalyptus laevopineaoodlands from the upper
Hunter would generally fit in the 8-15 year rangacalyptus blakelywoodlands from the upper
Hunter are also likely to fit this range (i.e. lésequent fire would favour retention bfelaleuca&

Acaciaunderstorey).

Eucalyptus melliodor& Eucalyptus albenfom the Merriwa Plateau — Probetral. (2007)

recommendation of 5-8 years is generally approgriat

Allocasuriana leumanniivoodland from the central Hunter Valley are likedyhave reduced

dominance oA\. leumanniiwith shorter intervals within this range.

Heathland 7-30 years Guidelines for Sydney coastal heathlands are giyamplicable (page 48):these involve variable
intervals within the statewide range, including goral5 year intevals to limit competitive exclusiufn
Occasional smaller species by dominant shrubs. However, heddiaaths often form a matrix with grassy
intervals greater headland vegetation and these communities havéispssues (see text) that require management.
than 20 years Growth rates in exposed & high altitude sites mayslower and there are likely to be large variation
in the level of obligate seeding among sites .
Dry  slcerophyll | 5- 50 (shrub/grass)| Generally 7-30 years is an appropriate fire interaage. However, the comments on page 70-71 ari
forest 7-30 (shrub) important and fire interval diversity is an appliapg management strategy for biodiversity
conservation.
Occasional
intervals greater
than 25 years
Wet sclerophyll 25-60 Crown fires should be avoided (> 100 year intefjvdlkere is some uncertainty about recommende
forest (shrubby intervals for the understorey (see pages 94-95e&eh required. Short intervals will reduce shrub
formation) Crown fire avoided | cover and probably >20-year intervals would be edgd maintain a mesic shrubby understorey,

in the lower

interval range

whereas intervals between 10 and 20 years maptippomposition more towards sclerophyll spec

in some more open-canopied WSF types. Managingdb®ne and the expansion of rainforest in th

1

of
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absence fire oresents challenges.

Wet sclerophyll

forest (grassy

10-50

Crown fires should be avoided (> 100 year intejvdis/o regimes for ground fires should be

maintained (in the landscape — not on all sites}: Years for open grassy sites and 6-20 yeailsgor

formation) Crown fire avoided | open sites (more towards the shrubby range) Ré@gorestdor issues about rainforest invasion..
in the lower
interval range
Rainforest Fire should be Subtropical & Temperate. Fire should be avoidedvéler, these systems can (but will not always)

avoided

expand into adjacent forests. The rainforest e@otath wet sclerophyll forest can be a dynamic

boundary and this fire driven dynamic can be edoldty important.

Dry Rainforest. Insufficient data, research recire

Littoral Rainforest. Insufficient data., researeljuired
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