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Impact of Fire on Biodiversity of the Gnangara Gnalwater

System

Summary

» Fire has been an integral part of the Australianrenment for millions of years

e Species and communities are adapted to specéicdgimes, determined by fire
intensity, frequency, season and scale.

* Inappropriate fire regimes may have undesirablesequences including declines jor
local extinctions of biota.

* Although the impact of inappropriate fire regimesstbeen identified as a majpr
threat to biodiversity on the Swan Coastal Plaiic{D2007, 2009 SNCA Plar

information on these impacts is limited.

N—r

« Vital attributes and juvenile periods of a rangeptdnt species on the GGS have

been identified in order to determine appropriaeihtervals.

LILI

» Key fire response plant species were identifiechwitvenile periods of 4-6 YSLI
(year since last fire) for fire sensitive specielying on seed for reproduction,

e The two dominant Banksia speci@anksia menziesiand Banksia attenuata
(resprouters) have a juvenile period of 8 YSLF.

A minimum fire interval of 8-16 years (twice juvémiperiod) is recommended
based on the information for key flora fire resposisecies

» Food availability for the Critically Endangered @aby’s Cockatoo was found to
vary in relation to time since fire f@. menziesiandB. attenuatawhere food was
highest in 20-30 YSLF years and lowest in < 6 YSLF

* Itis recommended that burning regimes maximiseatheunt ofBanksiawoodland
in the 11-30 YSLF to ensure food sources for Cayisabockatoo (particularly in
light of the removal of current pine plantationaesces between 2002 and 2027)

» Strong evidence for post-fire seral responses abddt requirements of reptile and
mammal species was obtained from fauna studiesHemey possum, Quenda,
rakali, Neelaps calonotysindMenetia greyi

» Key fire response fauna species were identifie@das conservation status and

data on the relationships to successional agesespdnse curves on the GGS

Impact of Fire on Biodiversity 1
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Burning regimes need to ensure different fire ageke long term, including
retention of long-unburrBanksiaandMelaleucathat are important to species suc
as honey possum, quenda, rakdkelaps calonotuandMenetia greyii.

Wetland biota on GGS at high risk from fire (diretfects and indirect impacts on
water quality) include vegetation communitidgeatened ecological communities
(the stygofaunal assemblages in the Yanchep Cayegdia root mats and organic
mound springs), aquatic invertebrates, wetlandsbireptiles, frogs, fish and
mammals).

It is recommended that sites known to be impoffianthese species (e.g. Honey
possums, Quenda, Rakali) and communities (highipyriwetlands) are designateg
as refugia and protected from further loss or modiion and frequent fire.

This report provides the basis for developmentcolagical burning regimes on th

GGS based on plant vital attributes and habitatirements of fauna.

Monitoring of flora and fauna responses to any engnted fire regime should be
undertaken to ensure species are responding asterednd to feed into an

adaptive management framework

h

v

Impact of Fire on Biodiversity 2
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Introduction

Australia has been the most fire-prone continerEarth for a long time (Bowman 2003),
yet fire and the Australian environment remain®aglex issue. Adaptations of flora and
fauna to tolerate and survive in an environmentreviee is prominent and frequent have
developed over millions of years (Bowman 2003)eed some biota have adaptations that
lead them to rely on fire e.g. the seeds of soreeisp ofHakeaare released by heat

during bushfire (Attiwill and Wilson 2003). The aal of humans in Australia however

has lead to an increase in fires, and alteredntieeaction between the environment and

fire.

Before humans arrived, Bowman (2003) suggestditieatwere started by lightning and
burned in large areas infrequently and createsadbbased mosaic in eucalypt savannas.
The arrival of Aboriginal people presumably lecct@anges in fire patterns, using ‘firestick
farming’ (Abbott 2003; Bowman 2003), whereby fikgsre lit frequently and burnt small
areas. This regular and deliberate burning of partke landscape probably maintained a
fine-scale vegetation mosaic of varying time silast fire across the landscape (Bowman
2003). For example, this regime was thought todeeluy the Noongar Aboriginal people
in the south-west of Western Australia (Bowman 20@ecent depopulation of
Aboriginal people in some desert areas has seeja change in fire regimes and a
decrease in the landscape mosaic of small pattltkesient post-fire ages (Burrows et al
2006).

Bushfire behaviour (i.e., its spread rate, intgnaitd flame dimensions) and its
environmental and ecological impacts mainly depemwdweather, topography, fuel
characteristics (quantity, structure, distributgord moisture content), as well as
suppression effort (Attiwill and Wilson 2006; Whelet al.2006). Fire intensity (rate of
heat energy release) is a useful measure of tlegigeuf a fire; its damage potential and
suppression difficulty (Burrowst al.2008).

Post fire responses of flora and fauna are relatégeir mortality in the fire, survival post
fire, recolonisation, establishment, reproductiaod population growth. In addition to fire
severity, factors that impact on these attributetuide habitat quality, such as food

Impacts of Fire on Biodiversity 3
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availability, and predation. Fire response pattatse vary over time and space. They are
thus affected by variations in fire behaviour, lecape and climate (Whelah al.2002).

The long-term effect of fire on a landscape vagsiesording to sequences of fire events,
rather than to a single fire event. Sequenceg®d ire known as fire regimes, and are
determined by factors including: intensity (how eevfires are), frequency (how often
fires occur), fire interval (intervals between segsive fires), season (the time of year fires
occur) and scale (the extent and patchiness o€h fi is important to understand the fire
regime in order to define risks to people and prigp@nd to make management decisions
(Bradstocket al.2002). In terms of biodiversity, inappropriateefregimes (e.g. long
periods of fire exclusion, sustained frequent mngnlarge and intense wildfires and post-
fire grazing (Burrows and Wardell-Johnson 2003) rieayl to local extinctions of plants
and animals (Woinarski 1999), and may result ioss lof biodiversity and structural
complexity over time (Burrows and Wardell-Johns®93). However, the term
‘inappropriate’ is relative — what may be an inagprate fire regime for one species may
be beneficial to another species (Whetamal. 2006).

In fire-prone ecosystems, fire management invollieprevention and suppression of
unplanned fires and the introduction of plannee ¥ihere appropriate. Of the factors that
influence fire behaviour, only fuel quantity, sttuie and distribution can be effectively
managed (Bowman 2003; Burrowsal.2008). Therefore, fire regimes are commonly
planned to reduce fuel quantity and flammabilityasdo reduce the severity and impact of
wildfires (Attiwill and Wilson 2006). Prescribeditning refers to the planned use of fire
to achieve specific land management objectivesrevfie is applied under specific

environmental conditions to a predetermined area.

Development of fire regimes that are optimal fardiversity conservation is one of the
major challenges in current fire management througAustralia (Whelart al. 2006).
One approach is to determine fire regimes thaappeopriate for a vegetation type and
fire sensitive taxa based on vital attributes afiedhistories (Burrowt al.2008; Friend
1999; Tolhurst 1999). The fire interval for eaclygmtion type and for fauna habitats
needs to be determined by the needs of the flatdaama at risk from extinction from too

frequent or too infrequent burning.

Impacts of Fire on Biodiversity 4
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Inappropriate fire regimes on the Gnangara groutelvgystem (GGS) are not the only
threat to biodiversity. The impacts of fragmematirainfall and aquifer declines, the plant
pathogerPhytophthora cinnamonaind introduced predators have all been found to be
having serious impacts on biodiversity (Governnwnt/estern Australia 2009a; Wilson
and Valentine 2009). Management and recovery axiaemtified as necessary to protect
biodiversity include control of predators, develagrhof ecological linkages and refugia,
and ecologically appropriate fire management (Gowent of Western Australia 2009a,;
Wilson and Valentine 2009). The interactions anehjgounding effects of threats must be

taken into account when developing ecologicalfegimes (Hobbs 2003).

This report was undertaken by DEC for the Gnan§aistainability Strategy (GSS) to
examine the impacts of fire on biodiversity on @@S. This was addressed by a number
of sub-projects carried out between July 2007 amg 2010. A summary of their findings
are presented in this report, however more detaledmation can be found in the
relevant technical reports. The sub-projects inetufileld studies to examine the response
to time since fire by reptile, bird and mammal fai{pavis 2009a; Valentinet al. 2009b)
and food availability fronB. attenuataandB. menziesifor Carnaby’s Cockatoo in
relationship to fire regimes (Valentim al.2009Db).

Field studies to examine patterns of floristic dsiy between sites with different times
since last fire, and the post-fire juvenile peraiglants were also undertaken (Miclde

al. 2010b). A major aim of these studies was tordates the appropriate fire interval
(burn regime) foBanksiawoodland on the Swan Coastal Plain. The posiiienile
period (time to first flowering after fire) can eed to guide minimum intervals between
fires to conserve plant diversity (Burrowsal.2008). Knowledge of fire responses and
sensitive species is vital to implement ecologicakthsed fire regimes to conserve
biodiversity and reach water balance goals in t8& Gtudy area.

Gnangara Groundwater System

The Gnangara groundwater system is located onvlae £oastal Plain (SWA2) IBRA
sub-region, north of the Swan River, Perth, Weskarstralia and covers an area of
approximately 220 000 ha (Figure 1). The GGS &issif an unconfined, superficial

aquifer known as the Gnangara Mound that overfiesonfined Leederville and
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Yarragadee aquifers, as well as the smaller Mimab@nd Kings Park aquifers
(Government of Western Australia 2009b). The ameeeed by the GGS represents a
distinct water catchment that extends from PerttefSRiver) in the south, to the Moore
River and Gingin Brook in the north, and from tharlihg Scarp in the east to the Indian
Ocean in the west (Government of Western Austedl@Ob). The GGS is directly
recharged by rainfall (Allen 1981; Government of 3den Australia 2009b) and provides
the city of Perth with approximately 60 % of itsrding water. It supports numerous
significant biodiversity assets, including the ksgpatch of remnant vegetation south of
the Moore River, a number of Bush Forever (regigrialportant bushland) sites,
threatened species, threatened ecological comrasn#&nd some 600 wetlands. However,
declining rainfall and runoff levels in the pastyaars have heavily impacted on water

availability and the ecosystems in the region.

The impacts of a drying climate and declining grbuater levels strongly influence the
water levels of the GGS (Froemrtlal.2004; Horwitzet al.2008). Since the late 1960s,
monthly rainfall has generally been below averagesértener 2007), resulting in
decreased flows to public water supply dams antirileg groundwater levels in the
aquifers (Vogwillet al.2008). Indeed, groundwater levels have decrelagegh to four
meters in the centre of the Gnangara system anebi$tern, north-eastern and coastal

mound areas have experienced declines in the vedtierof 1 — 2 m (Yesertener 2007).

The Gnangara Sustainability Strategy

Maintaining biodiversity is fundamental to maintaigp ecosystem processes and is an
environmental policy and priority of both Commoni\teand State Governments in
Australia. To tackle the impending water crisig Bnangara Sustainability Strategy

(GSS) was initiated to provide a framework for baiag water, land and environmental
iIssues; and to develop a water management regameéstlocially, economically and
environmentally sustainable for the GGS (DOW 2008 multi-agency taskforce was
established in 2007 to undertake the GSS projdathwincorporates existing land and
water use policies, studies on the ecosystem aasdtprocesses, and the development of a

decision-making process to integrate values, @sidsplanning processes (DOW 2008).

Impacts of Fire on Biodiversity 6
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Figure 1: Location and extent of the Gnangara Gadwater System
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The draft GSS was released in 2009 (Governmentest¥vn Australia 2009a). The
project undertook modelling of the relative impaatslimate, water abstraction and land
use on the water balance of the groundwater systgmntil 2030. Under all but the most
optimistic assumptions for climate, declines inugrdwater storage and water levels are
predicted. Major recommendations of the Strateglugted: reduction of public and
private abstraction by 20%, the development of ldestizon plants, increased recharge
from treated wastewater, and stormwater, developofdocal area models and risk
assessment to identify wetlands and GDEs at melstaccelerated removal of pines and
establishment of strategic ecological linkagestéation of remnant vegetation from
threats (fire, dieback, fragmentation, predatora$ also recommended. The
implementation of the optimum fire regime that vaiaximise groundwater recharge,

while maintaining biodiversity values was a furtiesjor recommendation.

Prior to the GSS program, understanding of biodigwralues, ecosystem processes and
the dynamics of the GGS, particularly at landscapeses, was inadequate (Government
of Western Australia 2009b). Gaps in our capaaitsneasure impacts on biodiversity,
landscape condition and ecosystem processes aglaakdisturbances (e.g. climate
change, changed water regimes, fire, and planppatis) are likely to result in ineffective
management actions and low quality outcomes. biigyao develop successful planning
relies on the quality of the biodiversity infornati (Pressey 1999; Wilsaet al. 2005).
Indeed, unless an adequate understanding of th&sesi is accomplished, justification of
changed management actions in the face of potgndi@djrading impacts on biodiversity is
difficult.

Manipulation of fire regimes on Crown land has bpesposed as a cost effective option to
enhance water yield to the GGS (Canci 2005; Yesert2007). Information from ground-
water bore monitoring indicated that recharge@b-2 m occurred 3-4 yrs post fire (Canci
2005; Yesertener 2007), and models and hydrograglyses suggest that increased
recharge was related to increased frequency ofated burns in Banksia woodland
(Vogwill et al.2008).

The GSS project modelling of the relative impadtslionate, water abstraction and land
use on the water balance of the groundwater systémntil 2030 was based on PRAMS

(Perth Regional Aquifer Models). The PRAMS bassecscenario incorporates a burning

Impacts of Fire on Biodiversity 8
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regime whereby 10% of total native vegetation @SS study area is burnt (each year)
on a 10-year rotational burning system. For exanthiemodel assumes that the 10%

vegetation burnt in 2008 will be re-burned in 2018.

The implementation of a fire regime that will maise groundwater recharge while
maintaining biodiversity values was a major GS®mmendation. While increasing the
frequency of fire will likely result in increasedayindwater re-charge, the environmental
and biodiversity consequences of such a regime bmughderstood and the water yield
and biodiversity balance, or trade-off, quantifiétle GSS seeks to address these gaps by
improving knowledge of the impacts of fire on bieelisity values on the GGS.

One of the challenges involved in developing a land water use management plan for
the GSS study area is the strong interconnectedisa®en land uses and hydrological
balance, which in turn affects consumptive watetdg and the ecological integrity of
water-dependent and other terrestrial ecosystenaidition, other threatening processes
are impacting on biodiversity in the region, inghglhabitat clearing, fragmentation,
altered fire regimes and impactsRifytophthora cinnamonaind need to be considered
when assessing impacts of fire (Government of Wegteastralia 2000; Mitchelét al.
2003).

This report aims to examine information from fistlddies undertaken for the GSS on the
impact of fire on biodiversity, together with corgtion and assessment of other relevant

data.

Fire Projects for the GSS

The Draft Strategy recommended that a fire regimaé will maximise groundwater
recharge, while maintaining biodiversity valuesjmglemented (Government of Western
Australia 2009a). Due to the time limitation faetpreparation of the Draft Strategy (July
2007 - June 2009) most of the projects were ofively short duration and constrained in
an ecological time—frame. However we consider th@tdata obtained provide new and
important information for better understanding firgacts on biodiversity in the study
area and are an excellent baseline for future widnk.information is essential for the

development of optimum fire regimes for biodiveysibnservation which is one of the
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major challenges in current fire management throughAustralia (Burrows 2008; Gill and
McCarthy 1998; Tolhurst 1999).

CSIRO undertook a major project to examine thecefhé fire on ground water recharge
on the GGS (Silbersteiet al.2010). This project was designed to determineki@ges in
water recharge to the groundwater table under eaegetation following prescribed fire.
In addition a number of projects have been underta firstly examine the impacts of
fire on biodiversity on the GSS and secondly toedi@y optimum fire regimes to maximise
and maintain biodiversity. They have drawn on wamdviously conducted within the
GSS regarding the impacts of fire on fauna andflaygether with extensive field work
undertaken over the period July 2007 to June 2010.

The GSS fire projects included:

1. Recharge and fire in native Banksia woodland on Grgara Mound(Silberstein et

al. 2010)
This project was a prescribed burn-scale experimedértaken by CSIRO to determine
the changes in water recharge to the water talderumative vegetation following fire, and
the time course of recharge accompanying recovieityeovegetation after fire. CSIRO
investigated the impact of fire on groundwater eggle by measuring differences in soll
moisture profiles, groundwater response, rainéalgpotranspiration and CFC dating
measurements between the burnt and unburnt giiedypothesised that there will be a
higher amount of water recharge to the groundwatse from rainfall in the localised area
of a burn, due to the lack of vegetation or leiétithat reduces or prevents water from

percolating down to the water table.

2. Impact of fire on biodiversity of the Gnangara grodwater system
The second project, and the subject of this repas undertaken by DEC for the GSS to
examine the impact of fire on biodiversity. Thiasnaddressed by a number of sub-
projects carried out between July 2007 and Jun8.28summary of their findings are
presented in this report, however more detailedrmétion can be found in the relevant
technical reports. The sub-projects included:
» Patterns of ground-dwelling vertebrate biodivergialentineet al.2009b). A
fauna survey was undertaken by DEC for the GSSdess the current occurrence

Impacts of Fire on Biodiversity 10
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and distribution of terrestrial vertebrate fauneoas the GSS study area, to
examine patterns in biodiversity with landscapeuess and to assess the
susceptibility of taxa and communities to threatgrprocesses such as declining
groundwater levels and fire. One of the specifinsawas to examine the response
to time since fire by reptile and mammal faunah@a GGS.

» Impact of fire on avifaunal communitié@avis 2009a). This project was carried
out to investigate the impact of prescribed burnmggjmes on the diversity,
composition and abundance of avifauna within thesGG

= Post-fire response of terrestrial faui@onnemaret al.2010). This study
compared the pre- and post-fire faunal assemblaiggates following a wildfire
that occurred in January 2009.

» Patterns of floristic diversityMickle et al.2009). This project assessed the current
occurrence and distribution of plant taxa acroesGlsS fauna study sites, and
examined plant species composition between landf¢Bassendean and
Spearwood dunes), dominant vegetation types, afweba sites with different fire
ages.

= Post-fire juvenile period of plan{#lickle et al.2010b). The project collected
secondary juvenile period (post-fire time to flomg) information for plants in
Banksiawoodland after a prescribed fire to asses thenjle@eriod of flora
species for the purpose of determining the appatgfire interval (burn regime).

= Time to flowering across a fire chronosequeligickle et al. 2010a). The study
obtained specific fire response (e.g. post-fire ersgation strategies) and
secondary juvenile period (post-fire time to flome) information for plants
whose first time to flowering following fire exceed8 months (as examined in

project above).

» Food availability for Carnaby’s black cockatoo ielationship to fire regimes on
the GGS (Valentine 2010).The aim of this study was to assess the food
availability, in the form of fruiting cones, &. attenuataandB. menziesiat sites
of different time since fire. This information ken examined in relation to the
caloriphic content of Banksia’'s as a food item @arnaby’s black-cockatoo. The
outcomes are assessed in relation to fire manadememommendations to

optimise food availability for this endangered bird

Impacts of Fire on Biodiversity 11
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3. Spatial fire history analysis in the GSS study arésonneman and Kuehs 2010)

The aim of this project undertaken by DEC for tHfeS3wvas to update the spatial fire
history dataset using remote sensing informati@h@RBC records for the GSS study area
to more accurately analyse fire history, currerdg fegime and fire frequency. Landsat
imagery was employed to check and update the éumdaries, historic records were used
to check the accuracy of the year since last irafeas, examine the burning frequency

within the study area over the last thirty years.

4. Fire management operations on the GSS study afiglaller 2010).
The purpose of this report was to review fire mamagnt operations on the major areas of
Crown Land managed by DEC on the GGS in relatiotihéoimpacts of such practices on

groundwater recharge and biodiversity.

5. Guidelines for ecological burning regimes for then@ngara Groundwater System
(Wilson et al. 2010).

The purpose of this report was to develop ecolddpoening regimes and fire management

guidelineson the major areas of Crown Land managed by DE@erGGS in relation to

the impacts of such practices on biodiversity.

Impacts of Fire on Biodiversity 12
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Impacts of fire on flora

Fire has a direct impact on plants by affectingrtgeowth, survival and reproduction (Burrows
and Wardell-Johnson 2003). Many plants may toldtregeactual fire but cannot tolerate the
stresses of the post-fire environment. Fire ita#lcts the structure of vegetation by consuming
live and dead vegetation (Bond and Van Wilgen 19864 the frequency of fire affects both the
structure of vegetation and its floristic compasit(Burrows and Wardell-Johnson 2003; Muir
1987). Changes in vegetation structure and compositin affect light penetration, soil

moisture, soil nutrient levels and competitionwignile plants with adult plants.

Plants have many adaptive vegetative and reprivéuiciits that enable them to persist in fire-
prone environments (Gill 1981a). The survival alody plants after fire can vary according to

the level of protection of the bud by soil (e.gouranean buds, lignotubers) or bark (stem buds
located beneath the bark) during a fire. In sora@f@pecies, reproduction may be enhanced as a
result of fire through a flowering response (&gnthorrhoea australjs or through seed that is

held on the plant being released, or through geation that is stimulated by fire (Gill 1981a).

Plant species are classified into two major clasgtsrelationship to their post fire responses:
sprouters and seeders (Burrostsal.2008; Gill 1981b; Whelan 1995). Seeders (or oldiga
seeders) are species in which mature plants deel kil fire and depend either on seed for
regeneration or germinate in woody capsules opldra (bradysporous or serotinous species).
They are more susceptible to population declineutjn inappropriate fire regimes. If a second
fire kills a population of regenerating bradyspa@lants before it reaches reproductive
maturity, then it may decline and become localliiret. Conversely, if fire is necessary to
stimulate seedfall and germination, and the intdvetween fires is too long such that the parent
plants die before a recruitment event, then theujadion could decline or become locally extinct.
Serotiny (the canopy storage of seed for a proldnpgeziod) is common in Australian sclerophyll
vegetation (Cowling and Lamont 1985), and 76%Bahksiaspecies are serotinous (George
1981).

Sprouters (or vegetatively regenerated) are spatiwhich mature plants survive fire by re-
sprouting (Gill 1981b). The most significant imp&o¢ will have on these species is if the
intensity of a fire is sufficient to kill the engiplant, or fires occur too frequently and there is

insufficient time for resprouting plants to reachtarity, propagate and recruit to the population..
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Conversely, if fire is necessary to stimulate flowg or seed germination, and the interval
between fires is too long such that the parenttpldre and the viable seed bank deteriorates

before a fire recruitment event, then the poputatiould decline or become locally extinct.

For sprouter species, as most of the heat fronrifies, protection of buds below ground is a

very effective survival mechanism from above-grofings (i.e. not peat fires). Even though

trees may endure 100% leaf scorch during fire gtieses survive because their buds are
protected by the bark. For the species that haveesanean buds, species can either produce
basal buds that grow out to form shoots (i.e. sti#t individual plant) or possess root suckers
that produce multiple stems after fire (Gill 1981d@pgble 1 summaries the post-fire regenerations

strategies used by Burrows (2008).

Two other categories include geophytes and fireemnals (Shedley 2007; Whelan 1995).
Geophytes are a group of species that avoid the immguact of fire in time or space as they have
bulbs, corms, tubers or rhizomes, and their aboweargl growth takes place outside the normal
season for fires (summer-autumn) (Batllal. 1984). Fire ephemerals are also short-lived specie
that germinate in large numbers following fire (artdise the nutrient-rich post-fire site) and
often avoid fire by completing their life cyclesthin one year and before the next fire event.
Fire ephemerals also produce seed that is stortbe isoil, which germinates in response to
heavy rainfall or disturbance (Bat al. 1984; Shedley 2007).

Table 1. Regeneration strategies based on Burroves al. (2008)

Response Class

Seeders

(1) Stem girdling or 100% scorch kills, dependsanopy stored seed
(2) Stem girdling or 100% scorch kills, dependssoit stored seed

(3) Stem girdling or 100% scorch kills, no storegd

(8) Stem girdling or 100% scorch kills, any of B,2bove

(10) Ferns and allies (spores)

Resprouters

(4) Survives stem girdling or 100% scorch, soilkers (rhizome, corm, bulb, tuber)
(5) Survives stem girdling or 100% scorch, basebsts (lignotuber)

(6) Survives100% scorch, epicormic shoots

(7) Survives100% scorch, large apical bud

(9) Survives100% scorch, any of 4,5,6,7 above
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Post-fire vegetation dynamics and fire regimes

Post-fire vegetation dynamics tend to have sinp&dterns or post-fire seral stages (Ashton 1981,
Bell and Koch 1980; Burrows 1994; Burrows and W#rdehnson 2003; Gilét al.1999; Gould

et al.2007; Hobbs and Atkins 1990; Hobétsal. 1984; McFarland 1988; Noble and Slatyer
1980; Russell and Parsons 1978; Specht 1981; Speahtl958). Firstly, plant species richness
is greatest in the first few years following firefbre stabilising or decreasing. The cover and
height of understorey vegetation increases ragdst-fire before stabilising for a period of time
and then declining. Total biomass also increagasllsapost-fire before stabilising and

ultimately declining to a steady state. The praparof dead vegetation increases with time since

fire and then stabilises.
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Figure 2. Cumulative proportion of species to haveeached flowering age with time since fire for 638pecies
from four locations in the south west forest regiorof Western Australia (Burrows 2008). A species was

deemed to have reached flowering age when at le&€i% of the population had flowered.

The rate of change of vegetation structure andsfios is affected by the type of fire (e.g.
intensity of fire). Seral stages are not distinagss; rather, vegetation dynamics change
continuously after fire (Burrows 2008). Using inakiars of the post-fire rate of change in floristic

composition and structure for a given ecologicat aan help to interpret the transition between
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the seral stages. An example is the juvenile pesfdtle slowest maturing fire sensitive plant
species within the major vegetation type (Tolharsd Friend 2001).

The ability to flower and produce viable seed iteirfire periods is fundamental to the
persistence of vascular plants in fire-prone emrirents, especially the species that depend on
seed stored on the plant (Burroetsal. 2008). Therefore it is vital to have an approgriate
regime to ensure the persistence of all speciesffEguency of fires is important and if the
juveniles of serotinous species that store theid s, the plant are exposed to lethal fire before
their first flowering, the species may be lost lbcaOn the other hand, species with short-lived
seed or serotinous species that only regeneraefaé may decline in long unburnt areas (Bond
and Van Wilgen 1996; Burrows and Wardell-Johnsod320 The intensity of fires is also an
important factor, with low intensity burns unabbegerminate some species and high intensity

burns damaging epicormic buds and viable seedsd@siet al. 1990; Yatest al. 1994).

While the majority of studies that have assessecttfects of fire on Australian plant
communities have focused on time since fire theot$fof multiple fires have been less
intensively studied (Bowmaet al. 1988; Bradstoclet al. 1997; Cary and Morrison 1995;
Fensham 1990; Fox and Fox 1986; Morrisbml. 1995). Fire frequency can be defined as the
number of fires within a specific time period arahde assessed by a number of components
including the length of the inter-fire intervalbgtvariability of the length of the inter-fire
intervals; and the sequence of fire intervals (Garg Morrison 1995; Morrisoet al. 1995).The
components are interrelated, for example as theébeuwf fires within a specific time period

changes so does the average length of the inteirtiervals.

Short inter-fire intervals are associated with loweenness in species composition than longer
inter-fire intervals particularly with regard tolgdate seeders whose adult plants are fire
sensitive and do not survive fire normally (Brad&tet al. 1997; Cary and Morrison 1995; Fox
and Fox 1986; Morrisort al. 1995). For example in a coastal sandstone shrdbleath
community high frequency of fire (several firessimort succession) reduced the frequency or
density of a range of plant species (Bradsteicil. 1997). The dominant, serotinous obligate
seedeB. ericifoliawas most impacted together with a range of funefigroups including
resprouters. The results suggest that communityposition and structure will be simplified by

high frequency fire, and may result in communitareges and lower floristic diversity.
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Avoidance of short inter-fire intervals has becammaajor focus of management in Australia
where obligate seeder plants exhibit floristic atrdctural prominence in fire-prone vegetation,
(Bradstocket al. 1995; Conroy 1987; Gill and Nicholls 1989; Wout2893). The effects of
inter-fire interval on plant species compositiom@svever complex, the variation associated with
inter-fire intervals is not necessarily solely tethto the shortest inter-fire interval, but isated

to combinations of inter-fire intervals through @rfCary and Morrison 1995; Morris@t al.

1995). Knowledge of the effects on longer sequetashort-interval fires (beyond two or three
successive fires) is required. Another considenais the scale of frequent fire effects and the
consequences of heterogeneity of fire regimesnddeapes. Patches that are not burnt may act
as refugia and sources of seeds for dispersahtr ateas (Keith 1995). Many studies have

focussed on fine-scale effect and it is difficoltetixtrapolate conclusions to the landscape scale.

Recent work in Western Australia in jarrah and blands of the Walpole area investigated the
impacts of short (< 5yrs), mixed (6-9 yrs), longl@ yrs), and very long (30 yrs) fire intervals on
species composition of plants, ants, beetles, mextes and macrofungi (Wittkutet al.in

press). There was weak evidence of differencesdsst Short-Short and Lon-Long/Very-Long
regimes for plants, ants and beetles. Howeverpbssible that the most recent fire interval
which was long (12 years) may have overshadowednapgcts of fire intervals some 14-20 yrs
previously. The study concluded that richness@mdposition was resilient to divergent fire
interval sequences. Although the occurrence afraber of consecutive short was considered
unlikely to have severe impacts, maintaining eithrdy short or long intervals may alter species
composition and, or abundance. Prescribed buatiag intermediate level of disturbance and
incorporating variability in interval length wascaeemmended for wildfire mitigation and

biodiversity conservation.

Development of fire regimes that are optimal fardiversity conservation is one of the major
challenges in fire management throughout Austi@liaelanet al.2006). There are a range of
evidence-based practical fire regimes that cammpéemented to conserve biodiversity and
protect property and life (Burrows 2008). Plaiahattributes and life histories developed
initially by Noble and Slatyer (1980) have been &yed to predict the responses of plant
species and vegetation communities to fire andégmes and thus direct the development of
ecologically appropriate fire regimes that will mesult in local extinctions of plants and animals
and structural complexity over time (Burrows andridédl-Johnson 2003; Gill and McCarthy
1998; Tolhurst 1999; Whelaet al.2006; Woinarski 1999). Development of ecologicad f
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regimes has commonly been based on plants as hélyeafirst trophic level of terrestrial
ecosystems (Burrows 2008). Vital attributes suehegeneration requirements, post-fire
regeneration strategies, and juvenile periods seéulicriteria to determine minimum and

maximum intervals between lethal fires for a patac ecosystem (Burrows 2008).

It is possible to identify the ‘key fire respongesies’ of each community using vital attributes.
The ‘key fire response species’ are those thatrargt sensitive to fire because they are most
likely to be disadvantaged by excessively shotoog fire intervals. Having identified the key
species it is possible to determine the time irklpetween fires required to conserve species, i.e.
the maximum and minimum intervals between lethrakf(Bradstoclet al. 1996; Friend 1999;

Gill and McCarthy 1998; Tolhurst 1999).

Previous studies in the GSS study area

Despite the extent of tHeganksiawoodlands of the GGS and their proximity to Pdingre have
been few studies investigating their vegetationatsiyics and the impact of fire on vegetation in
these communities, especially in comparison toietuith the jarrah and karri forests of south-
west Western Australia (e.g. Abbott 1999; Ableital. 1985; Adamst al.2003; Burrows 2008;
Burrows and Wardell-Johnson 2003; Burrostsal. 2008; Christensen and Kimber 1975; Kimber
1974; McCawet al.2003; Robinson and Bougher 2003; Van Heurck anoo&t®2003; Wooller
and Calver 1988).

Studies that have investigated various aspectseoftpact of fire on vegetation on the Swan
Coastal Plain include Baird (1977), Lamont and Desv(1979), Cowling and Lamont (1985),
Hopkins and Griffin (1989), Hobbs and Atkins (199@)d Lamont and Markey (1995). In
addition, there are some studies on the impadiseodn vegetation that have been conducted
just outside the GSS study area (e.g. Haywedual. 2008; Lamongt al.2000).

Flora responses to fire on the Geraldton Sandplain

Several studies have examined fire responsBaksiaspecies and other species near Eneabba,
235 km north of Perth. Lamost al. (2007) found that after two burns in ten years,ritbmbers
of B. attenuatancreased with each fire ald menziesidecreased, due to different levels in seed

production and fire tolerance. A post fire studyBofattenuataB. leptophylla B, menziesiand
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B. prionote§ Cowling and Lamont 1987) found that seed rel@aserotinous species Banksia

is largely fire-dependant; howevBr menziesiandB. prionotesoth exhibit regular spontaneous
follicle rupture in summer. In a seed bank studyaaked depletion of the Restionaceae seed
bank after fire was found while for Epacridaceasdsganks persist in soil after fire regardless of
fire response or life history (Men&y al. 1994) . Between 90-100% of annual seed production
obligate seeder and resprouter Epacridaceae sphsteErsorate within two years. There was also
no evidence of recruitment of any of the speciedistl after 10 years since last burn (Meeey

al. 1994).

There was a correlation between a decrease in braintall and an increase in average
temperature with a decrease in plant height andapase in the degree of serotiny for three
BanksiaspeciesB. attenuataB. menziesiandB. prionote$ along a climatic gradient extending
500 km north of Perth (Cowling and Lamont 1985)is8tudy concluded that the degree of
serotiny in these three species is related toitbeharacteristics of the site, which depend on
plant height. In the northern-most site (Northamptavith a xeric scrub-heath, plant height was
lowest and entire canopies of tBanksiaspecies would be consumed by fire, promoting a
massive release of seed. In the south-most siteg{&Park), with a mesic woodland, cones
would rarely come into contact with flames due greater plant height, and seeds are released
spontaneously in interfire periods (Cowling and lcein1985).

Flora responses to fire on the Swan Coastal Plain

Responses of individual species

In a review by Hopkins and Griffin (1989), tBanksiawoodland on the Swan Coastal Plain was
found to contain 13 long-lived perennial species tkgenerated only from seed after 100%
crown scorch. Six of these species were identdigfire sensitive and as having seed storage on
the plant in bradyspores. Species that stored se@tant includéBanksia prionoteB. sessilis
Hakea trifurcata Hakea obliquaBeaufortia eleganandBeaufortia squarrosaSpecies with

seed storage in the soil includdenanthos cygnorumstroloma xerophyllugiieucopogon

striatus Leucopogon cordatysysinema ciliatumAndersonia heterophyllaandAcacia
pulchella(Hopkins and Griffin 1989). IB. prionotesadults are killed by fire (depending on
intensity) but fire stimulates seeds to germina@tes fire response may be vulnerable to frequent,

widespread fire events as seed regeneration mengbfficient to replace adults lost in the fire if
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the canopy seed bank has not had sufficient timmedover from previous fire (Woollet al.
2002).

Several of the key species in the GSS study aeeeeaprouters, includinBanksia attenuata.
grandis B. ilicifolia, B. littoralis, andB. menziesi(Enrightet al. 1998). In these species adult
trees can sometimes survive low to medium interigggydue to their thick bark and also
regenerate from lignotubers, which resprout follogviire. Hobbs and Atkins (1990) suggest that
bothB. attenuataandB. menziesido not depend on fire for recruitment in B&nksia

woodlands on the Swan Coastal Plain. This consegisb supported by Cowling and

Lamont (1985). There is a need to determine angpaoe fire induced and inter-fire recruitment

rates.

The relationships between fire interval, extentaiopy seed storage (serotiny) and maximum
rate of population increase was investigated far dfvthe key resprouter species in the GSS
study are®anksia attenuatandB. menziesiby (Enrightet al. 1998). The peak rate of increase
for Banksia attenuatpopulations was for fire frequencies of 7 - 20rgasith maximum at 13
years for those completely serotinuos i.e. no sesldased except as caused by fire

(Enrightet al.1998). At very short <5 years and very long >yd&rs fire intervals populations

are predicted to decline to extinction, and degfezerotiny was irrelevant.

The probability of seedling recruitment Banksia attenuatavas low after most fires due to low
seed survival and high seedling mortality overfttst summer. The rare recruitment events are
strongly related to summer rainfall and are extigrmeportant in the population dynamics of

this serotinuos resprouter in regions of Mediteeeanclimate (Enrighét al. 1998).

The apparent decline B. menziesiiin its northern geographical limits is likelybe related to
the lower adult survivorship through fires and tiagligible recruitment of the species and more
frequent fires and drying climate (Cowlieg al. 1990; Enrighiet al. 1998).

Responses in plant populations and communities

There is little literature on the responses of pfpulations and communities to fire on the
Swan Coastal Plain. In theucalyptus-Banksia-Casuarinaoodland of King's Park (Baird

1977), the first plants that grow after a mid-sumfire areXanthorrhoeaspp., followed closely
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by sedges. A few weeks after the fire, new lea¥éseocycadMacrozamiaappear and deep-
rooted shrubs sprout within 2-3 weeks. With thetstbthe winter rains there is growth of
herbaceous plants and annual weeds, as well as@ase in growth of shrubs and seedlings.
Shrub species are erect and vigorous for theZidtears after the fire, and the percentage of
dead wood and litter from trees increases with gmee fire. In stands not burnt for 20 years or
more, Baird (1977) found a suppression of the uyrderth and a large amount of leaf and twig

litter build-up.

Using a series of stands, within remnant areaswftoodland dominated . attenuataandB.
menziesijiranging in age since last fire from 1 to > 44rge&lobbs and Atkins (1990) examined
long-term vegetation development post-fire. Speg@sess increased for the first five years
after fire, and many shrub species reached theatgst density two years after fire, thereafter

declining in density.

The season of a fire can have an effect on thearateype of recovery of vegetation (e.g.
growth, germination, flowering and fruiting) postef. For example, within remnant areas of low
woodland dominated bB. attenuataandB. menziesinear Perth, autumn fires can promote
seedling germination and regeneration (and magtber be beneficial especially for seeder
species), while spring fires may result in rapidetation recovery and greater species diversity
(Hobbs and Atkins 1990). Autumn burns may resuless vegetation regrowth and may also
increase invasion by non-native plant species (@bt Atkins 1990). From this Hobbs and
Atkins (1990) suggest that spring burning may kedgyable in these remnant patche8ahksia

woodlands.

Seasonal differences in the recovery of vegetaiast-fire have also been recorded in the Jarrah
woodlands in King's Park (Baird 1977). There wagovous growth oKanthorrhoeaspp.,

fibrous monocotyledons and shrubs after a sprireatty summer fire, with shoots of shrubs
appearing within 3-6 weeks of the fire, and themngng more rapidly into the summer. While
autumn burns are not necessarily unfavourableggtbwth of shrubs, the growth of herbaceous

plants was greater in autumn burns as comparguittgsearly summer fires (Baird 1977).

North of the GSS study area, the responses of aggeto fire in different seasons have also
been studied. Cowling and Lamont (1987) examineckffects of autumn and spring burns on

the recruitment oBanksiaspeciesB. menziesjiB. prionotesB. leptophyllaandB. attenuata
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The rate of seed release from burnt cones of atl $pecies was significantly slower after the
spring burn compared to the autumn burn. In additioe number of seedlings recruited per
parent of all four species was less than half gk hfter the spring burn than the autumn burn

(after the first winter) (Cowling and Lamont 1987).

Fire responses of threatened ecological communiti@sd declared

rare flora

Several threatened ecological communities and dEtiare flora occur on the GGS (Valentine
et al.2009a). Interim Recovery Plans have been writberfive of the ten declared rare flora that
occur on the GGS (Browet al. 1998; Evant al.2003). Known responses to fire of the ten
species of declared rare flora are summarised lnte T2

A number of adaptive management projects have beedertaken by the DEC Swan Coastal
District that have examined the burn responses\arsl threatened ecological communities and
declared rare flora on the Swan Coastal Plain. & redude:Banksia mimicdfire response at
different fire intensities)Caladenia huegelijfexamined the Fraser Road population after a
wildlife occurred in the 2007-2008 fire seasdviglaleuca huegelii- Melaleuca systena
shrublands on limestone ridgesmmunity type 26a described by (Gibsziral. 1994b) (fire
response and percentage cover before and afteserjired burn)Macarthuria keigheryfifire
response after a prescribed bufgrth to Gingin Ironstone Associatig@xamining this
threatened ecological community after a major wigdburnt the entire community), and fire
response of two species of declared rare flora anhda Nature ReservBdrwinia foetidaand
Grevillea curvilobg. Based on this work recommendations have beele megarding the

optimal fire and burning regimes for managementragsdvery of species and communities.
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Table 2: Responses to fire of declared rare florthe Swan Coastal Plain (from Wilson and Valen#@69, chapter 7). Further scientific

assessments are required for much of this infoonati

Scientific Name

Fire Responses

References

Caladenia huegelii

(Geophyte: Survives
100% scorch)

Darwinia foetida
Drakaea elastica

(Geophyte: Survives
100% scorch)

Eleocharis keigheryi

Epiblema grandiflorum
var. cyaneum

Eucalyptus argutifolia

Grevillea curviloba
subsp. curviloba & G.
curviloba subsp. incurva
Trithuria occidentalis

Maranthius paralius

Fire is considered detrimental if fire occurs betwduly to November (during vegetative and flowgrin
stages). .
Fire may be beneficial as summer fires promote diomg. .
Field experiment showed that the Fraser Road ptipnla in a degraded bush block in Banjup
surrounded by sand mines. No prescribed burniafiasved for this species. Wildfire occurred in
2007/2008 season. Recent experiment overlayed B bts in burnt area.

Frequent fires reduce vigour and seed bank. .
Fire is considered detrimental if fire occurs beswe\pril/July to November (during vegetative and .
flowering stages). Fire may kill plant during aetigrowing period (late April-Oct). Indirect impaat .
fire include loss of canopy cover and increaseddsee .

Fire may be beneficial if fire occurs between Nobemto June, which may open up the canopy and
reduce competition, but species still needs tdnmetame canopy vegetative cover after disturbance i
order to protect plant and its fungus from desiocatFire is not likely to impact during the speie
dormant period (November to early April).

Field observation: species does not require fireotoplete its life cycle. Increased competitionhwit
increased density of native understorey vegetdtambeen observed following fire, leading to aidecl

in some populations. Species does not generallyren@épeated disturbance or the consequentialatabit
changes (e.g. fire/wildfire).

Field Observation: species can grow in areas tat been recently burnt, and can flower in the mdxse

of fire (one plant up to 10 years since last fire). .
Fire is considered detrimental if fire occurs betwdune to December (during vegetative and flowgerin *
stages). .
Autumn fire is thought to be the most appropriatethis species. .
Fire is considered to be detrimental if fire frenagis less than every 5-8 years (the species floRe}
years after regenerating from rootstock). .
Fire is considered to be detrimental if fire is foequent, as it can deplete rootstock reservesaihd .
bank.
S

Fire is considered to be detrimental if fire occdusing flowering (Sept-Nov)

No information available

DEC (2008a)
Evanset al.(2003)
Brownet al.(1998)

Evanset al.(2003)

DEC (2008a)
Evanset al. (2003)
Brown et al. (1998)

Evanset al.(2003)
Brownet al.(1998)

Stacket al. (2000).
Evanset al.(2003)
Brownet al. (1998)

Evanset al.(2003)
Brownet al.(1998)

English and Phillimore
(2000)
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GSS Flora studies (2007 to 2010)

For the GSS projects there was a focus on idengfpost-fire regeneration strategies,
juvenile periods of flora species, identificatidinkey fire response species, and changes in
floristic diversity to help guide the developmehtaitable fire intervals for the GSS study

area.
Post-fire Regeneration Strategies

Local area knowledge of plant regeneration stragegre important as it has been shown
that regeneration strategies or timing of eventh s juvenile periods of some plant
species can vary across a plant’s distribution (Ge@981). A summary of past research
on flora responses to fire is discussed in Blebgl (2009a - Table 7.2). They found that
out of 1,337 known native vascular plant taxa ogogrin a range of habitats on the GGS,
only a small number (n = 438) were found to havet{iice regeneration strategies
recorded. Even fewer (n = 42) had their fire resgsirecorded in studies conducted on the
Swan Coastal Plain, highlighting that most firep@sse data has been obtained from
habitats elsewhere in the plant’s distribution.rrithiese records, it was discovered that
37% of the native vascular plants are killed by%0fcorch and rely on stored seed or
dispersed seed from adjacent sites. A further 5384\8ng fire by utilising basal sprouts,

epicormic growth, apical buds or soil suckers (Blebal.2009a).

A field study was undertaken by DEC for the GS2009-2010 in an area 8anksia
woodland that underwent a prescribed burn (Mieklal.2010b). A total of 107 species
from 32 families were recorded in the pre and piostforistic surveys; the dominant
families being Proteaceae, Myrtaceae and Stylideackehe post-fire regeneration
strategies were observed in the field for 60 o$éhgpecies. Of these, only 5 species (8%)
were recorded as being seeders (killed by fire).

Post-fire regeneration strategies of the otherp&tiss were supplemented from, the
Vegetation Species List and Response Database @DBE8D). In total, twenty four species
(22%) were recorded as being seeders (killed Iy, fit2 % recorded as resprouting from a
variety of underground structures (soil suckerkgorotubers), epicormic or apical growth,

and 6% of unconfirmed or varied regeneration sgias.
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Juvenile Periods

The post-fire juvenile period (time to first floweg after fire) can be used to guide
minimum intervals between fires to conserve planeisity. Burrowset al. (2008)

defined the juvenile period as the time for at1&&86 of a population of plants to have
flowered following fire. As the first seed set wilbt necessarily be sufficient to maintain a
species’ abundance (Friertlal. 1999), Burrowset al.(2008) suggested that the minimum
fire interval be twice that of the juvenile periofithe longest maturing plant species.
They proposed that if burning was sufficiently pgt@and of low intensity burns to spare
all plants in a burn from being scorched, fire iags could be reduced (Burrowsal.
2008).

A field study by Mickleet al. (2010b) found that out of 107 observed plant g®a total
of 71 (66%) species from 28 families reached thuienile period in the 18 months
following a prescribed burn iBanksiawoodland on the GGS (Micklet al.2010b). Of the
species that had reached their post-fire flowepi@agod within 6 months of the burn, most
(81%) were resprouters. Only 19% were annual seedrd no perennial seeders had
reached their juvenile period. Within 18 months$hef burn, the proportion of seeders
(20%) and resprouters (80%) reaching juvenile gehnad not changed, however some
perennial seeders had reached juvenile periodadtexpected that the majority of

perennial seeders require greater than 18 monttesith juvenile period following fire.

Examining juvenile periods across a fire chronoseeunce

A fire chronosequence study at sites ranging froeto nine years since last fire was
conducted in September and October 2009 (Miekla@.2010a). The study aimed to
provide data from a wider range of fire ages, wiaats killed by fire and regenerating

from seed were better represented.

Nineteen observed plant species reached their jieveeriod in the first 12 months
following fire increasing to 30 species by 45 manpiost fire. Sixty species were found to
reach juvenile period within five years (60 montbgjire although the exact timing could
not be pinpointed for all species (Miclé¢ al.2010a) Of the 60 species attaining juvenile
period within 60 months, 35% regenerated by plasiod-stored seed, and 65% by
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sprouting from underground structures or apicamcormic growth. The flowering

patterns for 8 of these species can be seen imd=g&ju
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Figure 3. Average flowering category against yearsince last fire for 8 commorBanksiawoodland
species across fire ages from one to nine YSLF. pexies reaches juvenile period with a flowering
category 3 or greater (represents 50% flowering omany flowers on some plants) (Mickleet al.2010a).
* indicate flowering category based on a single rdigate. Categories: (1) no flowering, (2) 25%

flowering, (3) 50% flowering, (4) 75% flowering, ard (5) 100% flowering.

There was evidence that the juvenile period for $peciesBanksia attenuatand

Banksia menziesiwas attained more than 5 years following fire.widoer a decision was
made to supplement this data with more field oket@us. The data was obtained in April
2010 when the sites were re-surveyed, and one ibewas surveyed. The combined data
for both surveys is shown in Figure 4. The dathcates that after 8 years, 50% of both B.

menziesii and B. attenuata will be flowering 50%ta time.
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Figure 4. Average flowering forB. attenuataand B. menziesii Values range in categories 1to 5
according to Burrows et al (2008) scale where 1 lisnited to no flowering observed in a population ad
5 represents many flowers on many plants in the papation. Category 3 represents 50% flowering in
50% of the population and indicates that a specidsas reached juvenile period. Data for Banksia
species is based on data surveyed in spring 2009i¢e et al.2010a) supplemented by April 2010

resurveying of the same sites (with the addition ad new site at 8 YSLB).

Impact of fire on plant species richness

Plant species richness with relationship to tinmeesifire provides important information
which (along with seed back quantity and durabildgn be used to determine maximum
interval between fires to sustain biodiversity (Bwvs et al. 1999). An analysis of plant
species richness at sites of different time simeewas undertaken for quadrat data at 28

sites obtained in Bassendean (landform) BankstheGGS.
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Figure 5. Mean (x 95%CI) plant species richness idifferent time since last fire categories (n=28)All
Bassendean landform Banksia sites that we collectgdant flora records for. 0-5 YSLF = 6 replicates;
6-10 YSLF = 4 replicates; 11 — 19 YSLF = 8 replicas; 20-29 YSLF = 6 replicates; >30 YSLF =4

replicates.

There was no significant different between meafS@QXA F:423=2.053, p = 0.120)
although there was a trend towards highest nunmftegyexies in the most recently burnt
habitat. It is likely that this is related to theesence of fire-emergent species (e.g. grasses,
orchids) within a few years since fire (<5 yslfijhere was also no significant correlation
(either linear or ¥ order polynomial between species richness andgime last fire

(Figure 6). It should be noted that in these asegythe Banksia woodland was not
separated further into the floristically differdtitand J1 as has been recognised by
Mattiske Consulting Pty Ltd (2003). It is possikikat analysis at the level of these
floristically different communities may reveal sificant differences between species

richness and time since last fire.
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Figure 6. Plant species richness by years sincetldise.
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Flora Vital Attributes Summary

For the purposes of developing an ecological fgime it is important to understand how
plants respond to fire. The most important attelsuor this assessment include post-fire
regeneration strategy (method of persistence fatigwa disturbance) and the juvenile
period time (time to reach reproductive maturigyfrowset al.2008; Shedley 2007,
Tolhurst 1999). Juvenile period is defined astime taken for at least half the population
to reach flowering age (50% of the population flowg 50% of the time). Longevity (the
age at which senescence and death occurs) sheolb@ltaken into account, but this
information is often unknown or difficult to findubd (Shedley 2007). These attributes are
used to select key fire response species and emeuted to define maximum and
minimum tolerable interfire periods for the landmagement unit or vegetation

community in question.

Floristic surveys within the GSS area used thenmegsion strategies as defined by
Burrowset al. (2008, see Table 1). The species likely to be tftemost by fire are those

that rely on seeds for reproduction and are kitigdire.

Key fire response species were selected usingshefIspecies known to exist in the GGS
based on floristic surveys by the GSS (Mickteal. 2010a; Mickleet al.2009) including
declared rare and priority flora (Valentiaeal.2009a). This list was supplemented with
species vital attribute information from the Vedeta Species List and Response Database
(DEC 2008b). Some values, especially for rarermripy species that could not be found

in the database were inferred from information ke from FloraBase (Western
Australian Herbarium 1998-2009). The compileddlspecies list with all vital known

attributes can be seen in Appendix 1.

The key fire response species were then seleatedttris list based on the vital attribute
criteria including regeneration strategy (specidedby fire and relying of seeds for
reproduction); juvenile period (greater than 48 thejy conservation status (DRF), and
endemism (GSS endemic). The 39 key fire respopsees selected with these criteria

are shown in Table 3.
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The data collected on juvenile period and post+igeneration strategies have advanced
our understanding and ability to utilise theseecrd to develop an ecologically appropriate
burn regime for the Banksia woodland on the Swaas@ Plain. Burrows (2008)
recommends that the minimum interval between fe#®al to fire sensitive species be
approximately twice the juvenile period of the sésivmaturing species. Based on this
statement, the highest recorded juvenile perigpeaties relying solely on seed for
reproduction (seeders) is 4 years for species gadvby GSS (Mickleet al.2010a)
includingLysinema ciliatumand the DRMDarwinia foetida. Supplemented data from the
database (DEC 2008b) suggests a maximum juveniledoef 5 years for seeder species
Melaleuca viminea.The highest juvenile period for resprouters y&8rs forBanksia
menziesiandBanksia attenuatéGSS survey, Micklet al.2010a) and 4 years for
database supplemented data. Inferred data foaref&SS endemic flora suggest a

potential maximum of 6- 7 years.

Based on the key species selected using the vitdtiaute criteria (Table 3) a
minimum fire interval of 8 to 16 years is recommendd (twice the juvenile period of 4

to 8 years).

The maximum interval between fires is recommenddekttbased on the senescence time
for the longer lived woody species. Given the danire of Banksia species, it has been
estimated that the maximum age to whanksiawould live is 45 years (Enriglet al.
1998).

Based on this information a conservative estimatef d0 years is suggested as the

maximum fire cycle.

This work is not based on a complete list of fespgonses to all species know for the
region and will be supplemented in the future @a da more species is obtained on the
GGS.
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Table 3. Key fire response flora species as salagtang their vital attributes criteria includinggeneration strategy (any species 100% killed by
fire relying on seed for reproduction), juvenilaipd (greater than 45 months), conservation st@&sd-), and endemism (GSS endemic). A

more comprehensive list can be found in Appendix 1.

s Juvenile Period © o

= E 4 oo

2 2 s S o

28| § |re - 6 g & g

_ _ <= generation  Years GSS DB | 8ne

Family Species 8 A i Strategy’ GSS (DB) (mnths) | (mnths) DB reference locality 3 % (O
Epacridaceae Leucopogon conostephioides Seeders 4 (5) <45 60 Northern Sandplain 6 2 |6
Epacridaceae Andersonia lehmanniana Seeders 4 (3) <45 36 Dandaragan 4
Epacridaceae Lysinema ciliatum Seeders 4 (2) <48 24 Nannup 1 6
Myrtaceae Beaufortia elegans Seeders 4 (2) <45 24 Cataby 5 2 |7
Mimosaceae Acacia pulchella Seeders 4 (2) <45 22 Mt Cooke v
Papilionaceae Gompholobium tomentosum Seeders 4(2) <45 20 Nannup 9 3 P
Myrtaceae Darwinia foetida DRF LE Seeders 4* >48*
Rutaceae Boronia purdieana Seeders 4 <45 8
Papilionaceae Gastrolobium capitatum Seeders 4 <45 5 1 7
Epacridaceae Leucopogon squarrosus Seeders 4 <45 6
Asteraceae Podotheca chrysantha Seeders 4 <45 1 6
Hydatellaceae Trithuria occidentalis DRF | GSS Seeders 1* <12*
Proteaceae Banksia menziesii Respouters 8 (2) 96 24 Perth 12 1 9
Proteaceae Banksia attenuata Respouters 8 (2) 90 24 Perth 16 2 9
Myrtaceae Calytrix sapphirina Respouters 5 <60 Eneabba 3
Orchidaceae Elythranthera brunonis Respouters 5(2) <60 24 Stirling Range 2 |1 |5
Stylidiaceae Stylidium bicolour Respouters 4 <48 2
Myrtaceae Eucalyptus argutifolia DRF LE Respouters 4 48*
Myrtaceae Eucalyptus x mundijongensis P1 GSS Respouters 4 48*
Cyperaceae Schoenus curvifolius Respouters 4 (2) 48 24 Stirling Range 8 |1 |8
Orchidaceae Caladenia flava Respouters 4 (1) <48 9 Mt Cooke 1 v
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s Juvenile Period © o
= E 4 oo
2 2 s 3 o
28| § |re - 6 g & g
_ _ <= generation  Years GSS DB 2 8n e

Family Species 8 A i Strategy’ GSS (DB) (mnths) | (mnths) DB reference locality 3 % 1O

Myrtaceae Eremaea pauciflora Respouters 2 (4) 24 48 Jurien Bay 1 11 3

Epacridaceae Conostephium pendulum Respouters 1(5) 12 60 Northern Sandplain 8 3 |8

Orchidaceae Epiblema grandiflorum var. cyaneum| DRF | GSS Respouters 1* 12*

Cyperaceae Eleocharis keigheryi DRF | RE Respouters 1-6* 4to 72*

Dasypogonaceae| Calectasia sp. Pinjar (C. Tauss 557) | P1 GSS Respouters 2* 4

Proteaceae Grevillea curviloba subsp. curviloba | DRF | GSS ? 1-6* 6 to 72%

Proteaceae Grevillea curviloba subsp. incurva DRF | RE ? 1-6* 6 to 72*

Pittosperaceae |Marianthus paralius DRF LE ? 2* 24*

Myrtaceae Melaleuca systena TEC ? 1-7* ? 18-84%

Aizoaceae Sarcozona bicarinata P3 GSS ? ? ?

Myrtaceae Melaleuca viminea Seeders (5) - 60 Perup

Epacridaceae Astroloma xerophyllum Seeders 4) - 48 Badgingarra Nat. Park

Papilionaceae Templetonia retusa Seeders 4) - 48 Swan Coastal Plain 3

Orchidaceae Corymbia calophylla Respouters (4) - 48 Walpole

Myrtaceae Eucalyptus gomphocephala Respouters (4) - 48 Swan Coastal Plain

Myrtaceae Eucalyptus marginata Respouters (4) - 48 Nannup

Orchidaceae Drakaea elastica DRF LE Respouters (D) - 12

Orchidaceae Caladenia huegelii DRF | RE Respouters Q) - 9

1.DRF (Declared Rare Flora), P3 (Priority floray(®ntineet al.2009a) and TEC (Species vital to Threatened Eadb@ommunity),

. GSS: unique to GSS study area; LE: locally endéonSwan Coastal Plain; RE: regionally endemiStmuth Western Australian Floristic Region; (Valeeet al.2009a).
. Seeders = 1,2,3, 8 and 10; Resprouters = 4,88, B; ? = uncertainty or multiple strategiese-Appendix 1 for actual codes. Based on (Burrova.e2008).

. Juvenile period based on Burrow (pers comm. P& Mickleet al.2010a)

. Juvenile periods (in months) determine during@ara Sustainability Strategy (GSS) flora stuties Mickleet al.2010a; Mickleet al. 2009)

. Juvenile period (in months) obtained from Vagjeh Species List and Response Database (DEC 2008b

. Number of Floristics survey site species ocauiBanksia-dominant or Melaleuca-dominant sitedallioumber of sites surveyed in brackets. (Micklale2009)

. Number of Chronosequence survey sites spec@sat (all sites are Banksia-dominant). Total benof sites surveyed in brackets. (Micklkeal.2010a)

indicates inferred information based predominaoih FloraBase (Western Australian Herbarium 19089

O NO OIS WN
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Impacts of fire on fauna

The interaction between Australian fauna and fas feceived considerable attention
(Catling and Newsome 1981; Fox 1996; Friend 199Belah 1995; Wilson 1996)
although the focus has been the impact of fire upais and mammals. Behavioural
patterns and requirements for shelter and foodveremajor factors that affect the
responses of taxa to fire (Friend 1993). For examgpecies that nest in tree hollows may
avoid the acute effects of a low intensity fire f@ersely there may be limited food
resources for sedentary species in the early jpespériod, whilst mobile species can

migrate to unburnt patches to obtain food and shelt

Similar to changes in the vegetation compositioth stnucture over time following a fire,
the composition of fauna (birds, mammals, reptiiled invertebrates) that use post-fire
habitat can also change. A ‘habitat accommodatioodel developed to describe post-fire
succession of small mammals describes how successaurs in response to vegetation
changes (Fox 1982; Fox 1996). Species enter theession as their specific requirements
are met, and decline in abundance as conditiomrsnbesuboptimal. Species such as the
eastern chestnut moudgesgudomys gracilicaudatysvhich prefer open, floristically rich
vegetation, recolonise early in the post-fire regg\period, while species such as the
swamp antechinu®\techinus minimgswhich require dense ground cover, exhibit low
population numbers up to 20 years after fire (FB&2t 1983; Wilsoret al.2001; Wilson

et al. 1990). This model is generally supported by tiseilts of studies in southern
heathlands, heathy woodlands and arid grasslandst@ 1993; Newsonet al. 1975;
Recheret al. 1974; Wilson 1996; Wilsoet al.2001). The rate of recovery of vegetation
not timeper sehas been shown to be most important in the suoccedprocess for

mammals (Fox and Monamy 2007; Monamy and Fox 2000).

The effect of fire on reptile and frog communitiestill largely unclear in Australia
(Bamford and Roberts 2003; Friend 1993). Reptiflermation is based on studies in
mallee woodlands, heathlands and savannah forésiseweptilian diversity is high
(Caughley 1985; Cogger 1969; 1989; Dicknediml. 1999; Letnicet al.2004; Masters
1996; Pianka 1996; Trainor and Woinarski 1994; wafee and Schwarzkopf 2009). Few
studies have been undertaken in southern tempeeds (e.g. Humphries 1992; Lunrety
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al. 1991). Studies suggest that many species of srakebzards are resilient to the short-
term effects of fire, due to their preference fpen microhabitats and use of burrows,
whereas arboreal or surface-dwelling species aregdmtected (Fox 1978; Friend 1993).
Although the longer-term relationships betweenileptind fire regimes are still uncertain,
species respond in variable ways and the type@ftdéigime imposed may be critical in
determining species response (Braithwaite 1987einale and Schwarzkopf 2009).
Succession of reptiles has been documented foSaiidifex landscapes, where there is a
strong relationship between shelter and foragiggirements of species and their
abundance in successional ages (Cogger 1969; Dicktrad. 1999; Letnicet al.2004;
Masters 1996; Pianka 1996).

The knowledge of the effects of fire on birds innp@&nvironments is limited (Catling and
Newsome 1981; Christensen and Abbott 1989; Chssteand Kimber 1975; Christensen
et al. 1985; Cowleyet al. 1969; McFarland 1993; Recher 1981; Recher andst@msen
1981). There have been few long-term studies oétmdogical impacts of fire regimes,

and the long-term consequences of fire managememoarly known (Woinarski 1999).

The impacts of fire on birds in heathlands havenlreasonably well studied. During
wildfires very high mortality rates have been répdr(Fox 1978; Pescott 1983; Recher
al. 1975; Wegener 1984) while insectivores and somramay be attracted to fire
fronts (Main 1981). In the early post fire montesad or dormant invertebrate and
vertebrate prey attracts predators (e.g. Laughiogkidburra, raptors, Pied Currawong,
Australian Magpie), and seed produced by planth asBanksiaspecies attracts parrots
and cockatoos (McFarland 1988; 1993; Roberts 19T regenerating vegetation in the
first three years post fire remains comparativglgroand herb and grass species are
abundant. Open-habitat species such as swallogveartins commonly colonise this
habitat (McFarland 1988). As the vegetation stmeebecomes more closed these species
are lost and they are replaced by species reliadeaser vegetation such as Brush
Bronzewing, Ground Parrot, Red-backed Fairy-wresh @outhern Emu-wren (McFarland
1988; Smith 1987). In older heaths (>10-20 yeasi-fire) there may be a reduction in
productivity or seed availability, and some of thés#rd species may decline or disappear
(McFarland 1993).
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Burbidge’s (2003) review of the impacts of fire loinds in south west Western Australia
found that bird species richness is highest in lamgurnt vegetation (15 years post-burn)
but is also high in habitat for several years follog a fire. Only honeyeater species
richness is reduced in burnt habitat for the rgears following fire. However post-fire
habitat is favoured by species that have a preferéor open habitat, e.g. birds of prey.
Many species that prefer open habitat will remaia burnt area and be the dominant
species for 2-6 years post fire (Burbidge 2003).

The abundance of birds decreases to very low lewetsediately following a fire but
usually recovers within 2-3 years (Burbidge 20033ectivores generally increase in
abundance after fire and can exceed pre-fire alnaed@r up to 7 years. Conversely,
nectarivores decline following fire due to the retilon in the number of flowering
Banksiagn the burnt area. However it is fire intensitatis one of the biggest
determinants of post-fire richness and abundanoe.ihtensity burns have the least
impact on bird ecology (Burbidge 2003).

There are no species in south-west Western Austifadit only occur in long-unburnt
vegetation (Burbidge 2003), however Bamford (1985)nd that the western thornbill
(Acanthiza inornaty shining bronze-cuckodhrysococcyx lucidgsand scarlet robin
(Petroica multicoloy were more common iBanksiawoodland unburnt for 11-12 years.
Wooller and Calver (1988) noted significant decesas the abundance of white-breasted
robin (Eopsaltria Georgiang golden whistlerRachycephala pectoralissplendid fairy-
wren Malurus splendensand white-browed scrub-wreBdricornis frontali following

fire. Variations in abundance are linked to halsteucture and consequential foraging

opportunities.

A study of repeated fire on Splendid Fairy-wrenrawdéong period of 18 years in a
southwestern Australian heath found that althomngieneral, the birds survived fire it
directly impacted on natality and juvenile survivahd indirectly affected population
density, age structure, sex ratio and group cortipagiBrooker and Rowley 1991)
(Russell and Rowley 1993). The repeated firesaf®ened this population and without
recruitment from adjacent unburnt patches (for gdamnif this site had been a habitat

fragment), it would have been eliminated by the fegime (Brooker and Brooker 1994).
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Provision of adequate areas of suitable seral stag®ss the landscape is especially
important for this mobile species.

Inappropriate fire regimes are recognized as the theeat to many vulnerable and
endangered Australian birds (Garnett 1992) anddaetor in the threatened status of
approximately 51 nationally recognised threateneditxa (Woinarski 1999) . In
environments such as heath and mallee inapprogmategime is the main threat to most
declining bird species. Most fire-sensitive thezetd birds have low reproductive output
and limited dispersal ability. The persistencehafse species is further threatened by
habitat fragmentation, which further impacts onrthbility to recolonise following fire.

The impact of fire on invertebrates and the respqadterns that invertebrates exhibit can
be highly variable and difficult to detect, ofterora so than for vertebrates and plants
(Campbell and Tinton 1981; Friend 1995; Whelan 1896elanet al.2002). This is due

to several reasons. Most invertebrate studiesrlalolst experimental design, and adequate
sampling (Friend 1995; Whelan 1995; Wheddral.2002). In addition, invertebrates are a
diverse group and exhibit a wide range of lifednigts and morphologies and are found in
many different habitat types. Fire-related respsmsay not be apparent when data is
analysed at broad classifications such as classmale (Friend 1995; Whelaat al.2002).

Fire directly impacts invertebrates by killing theas well as indirectly by affecting their
habitat. Some invertebrate species survive thetdaffect of fire by either moving ahead
of the fire front, by being protected in the sailather refugia (e.g. termite mounds) or if
they are dormant (Whelaet al.2002). Some species may also survive due to the
patchiness of a fire, providing refugia in the umttypockets (Whelaet al.2002). Most
invertebrates subsequently recolonise burnt areas @inburnt patches (Whelat al.
2002), dense crowns of plants (Gandar 1982; Ma81 1% helaret al. 1980), thick layers
of leaf litter (Andrewet al.2000), thick bark on trees, and soil under rocid ia burrows
(Main 1981; Warreret al. 1987). Species recolonise at different rates, widipg on their
dispersal ability. The patchiness, intensity, ekterd season will all influence the
recolonisation capacity of invertebrates (Whetaal.2002).

Many invertebrate taxa appear to decline afterdird then recover quickly (Friend and
Williams 1996; Whelan 1995), with little changesnbsequent abundance (e.g. Ableott
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al. 1985; Collette and Neumann 1995). Some studies faand that populations of soil
and litter arthropods will not recover to pre-fpepulation numbers during a five year

inter-fire period, but other researchers have dttitat populations will recover quickly.

Fire sensitive fauna are ofteecognised as those that have specific charadtsrgich as
late seral stage habitat requirements, strondideéty, low fecundity, poor dispersal
capacity and are vulnerable to other threats sagredation. Fire sensitive fauna are often

associated with mesic habitats, wetlands and ratkraps (Burrows 2008).

While the majority of studies that have assessectfects of fire on Australian fauna
communities have focused on time since fire, tiieces of multiple fires have been less
intensively studied. Fire frequency has strongaotp on community composition for
plants and animals (Andersenhal.2005; Peterson and Reich 2001). Repeated buraimg c
lead to changes in habitat structure, and simplifbn of vegetation complexity with

implications for fauna composition (Bowmanal.1988; Christenseet al. 1981)

Fire frequency has been identified as a major fanftuencing bird assemblages
(Engstromet al.2005; Woinarsket al. 1999; Woinarski and Recher 1997). Although in
tropical savannas birds seem to respond to tineegire (Woinarskeet al. 1999) or

whether or not a site was burnt (Woinarski 199@nie study species richness and overall
bird abundance was found to be lower in repeatediyt sites than either unburnt or site
burnt once (Valentine et al in prep.). In pariée, abundance of frugivores and
insectivores was lower in repeatedly burnt sitesbably due to the decline of a native

fruiting shrub,Carissa ovata

Frequent low intensity fires can reduce invertebediundance and species richness in
subtropicaEucalyptforests (York 1999; 2000). Although tropical savanmrthropod
communities tend to be resilient to fire (Anderseml.2005; Paret al.2004), burning
does disadvantage certain arthropods and alterviés@ll composition of arthropod
communities (Andersen and Muller 2000; Retral.2004).

Although the effects of fire frequency on small nmaats in southeastern Australia have
been investigated predominantly the assessmenéshesn limited to only several

consecutive wildfires. Recolonisation at a sitBlatigee was monitored after two
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wildfires (1972, 1980) and the responses of smalinmals to changes in vegetation
structure examined (Catling 1986; Catling and Bi®35; Catlinget al.2001; Catling and
Newsome 1981; Newsome and Catling 1979; Newseina¢ 1975). Abundance and
species richness increased as the habitats indremsemplexity with post fire age. A
long term study by Rechet al (2009) also assessed recovery of ground-dwekimg|l
mammals on a different plot in coastal eucalype¢$viat Nadgee (1970-2005). Following
an intense fire in 1972 numbers fell to the lowesgel recorded and each species
population became extinct on the plot 14-18 motdtes. One year later the site was
recolonised and numbers peaked 6 to 7 years latéss intense fire in 1980 did not lead
to extinctions, but numbers 8f agilis A. swainsoniandR. fuscipesleclined under
drought conditions. This long-term study demonsttdhat differences in impacts are
related to a number of factors including the iniignsf fire, rainfall and drought.
Increased frequency is predicted to impact ondateessional species such as the swamp
antechinusAntechinus minimyswhich requires dense ground cover, is extirpafesr

fire, and exhibits low population numbers up toy2@rs after fire (Fox 1982; 1983;
Wilson et al.2001; Wilsoret al. 1990).

In tropical savannah of northern Australia, totaliladance and species richness, and the
abundances of six of the seven most common smatimed species were all significantly
affected by fire treatment (frequency and time-sifice) making small mammals the most
sensitive faunal group (Andersenal.2003; Anderseet al.2005). Three species
(northern quollPasyurus hallucatysawn antechinusintechinus bellysand northern
brown bandicootlsoodon macrourgyswere most abundant in unburnt catchments, while
other species were more variable but tended todst abundant in unburnt catchments. A
highly significant result was the importance of unii habitat for maintaining large
populations especially for extinction-prone specrdsich have suffered serious population

declines across northern Australia in recent desade

Historically ecological fire management regimesénfocussed mainly on vegetation as
providing habitat and successional phases for féiema Ecology Working Group 2002)
(Kennyet al.2004). Ecological fire regimes appropriate farfa can be based on life
histories, post fire succession patterns and hateitmirements (Friend 1993; Friend and
Wayne 2003; MacHunteat al.2009). Selection of Key Fire Response specieslsas
been recommended (MacHungtral. 2009).
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However, significant differences in the responsaromals to fire need to be
accommodated (Bradstoek al.2005; Clarke 2008). In contrast to plants, aniaae

mobile and the spatial components of their haba@atkfire responses need to be assessed
more closely. The maintenance of the metapopulahmamics of fauna species in fire
impacted landscapes is important. This involvegtiogision of structural and functional
connectivity in seral habitat networks that presatispersal for metapopulations. There is
however little information on the sizes, shapeg, stqucture or configurations of suitable

habitatfor fauna in relationship to fire dynamics and fmesaics (Bradstoocgt al.2005).

A spatially explicit simulation model that was emyzed to assess the effects of fire regime
dynamics on the malleefowkipoa ocellatancorporated home ranges, plant populations,
and fires (prescribed and unplanned) and spatiténpa of fires (random versus non-
random ignitions) (Bradstoakt al.2005). Results were affected particularly by thatisl
pattern of prescribed burns, topography and prdibabf wildfire all of which were
sensitive to fire-interval distributions on plapesies and habitat. The study found that the
persistence of populations would be dependantpmescribed fire regime providing small
patch burns (Bradstoakt al.2005). The study however emphasised that thendiemee

of fauna species on fire mediated habitat heteraigers highly variable and strongly
dependent on species life-history traits, dispeasdlterritory sizes, together with

landscape features.

Seral and habitat requirements for species thaiccor in a landscape can differ
significantly. For example in the Eastern Otwaystoria, the Swamp Antechinus,
Antechinus minimuss a late successional species (15-20 years)landrscoloniser

while in contrast th€seudomys novaehollandidéew Holland Mouse, is an early to mid-
successional species (3-7 years) (Lock and Wil€@9;1Wilson 1991; Wilsort al.2001;
Wilson and Wouters 1996). For the former specresegtion of the limited critical habitat
from frequent fire is crucial to ensure connecyiwf populations and the long-term
persistence of the species, while for the lattenimg to achieve a series of optimal-aged
(3-7 years) small habitat patches is required (Wiland Wouters 1996). In this case the
distribution of preferred habitat for the two specis understood and mapped (Gibsbn
al. 2004; Wilsonret al.1999). Further the habitats occur in differentpgaf the landscape
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thus enabling fire management to be applied whexeetis a need for fire protection in one

area, and fire-induced heterogeneity in the other.

Previous studies in the GSS study area

Studies of the impacts of fire on fauna in the GB&few. Kitcheneet al. (1978)

proposed that too frequent burning of vegetatioy heave threatened the persistence of
mammal species on the Swan Coastal Plain. In tA8 4&idy, ash-grey mic€$eudomys
albocinereuy and honey possumsdrsipes rostratuswere only trapped at two sites
(Mullaloo and Burns Beach) in patches of vegetatiwt had remained unburnt (six years
post-fire age) after extensive, high intensitydirédHow and Dell 2000) proposed that high
intensity fire in small isolated vegetation remrsaoih the Swan Coastal Plain may lead to
local extinction. Those individuals that surviveefare prone to starvation or predation due
to lack of cover and food and there is little likelod of colonisation from elsewhere in the
urban matrix. Macropods such as the western gregd@o Macropus fuliginosusand

the western brush wallabivécropus irma favour burnt forest (Christensen and Kimber
1975).

Dell and How (1995) examined the response of eptid wildfire at Kings Park and found
that the longest unburnt sites supported the hidlzesd diversity, while the most recently
burnt sites were found to have the lowest lizakedity. Species numbers and abundance
was lower in the first year post-fire but appeaedeturn to pre-fire levels by the second

year post-fireMigration from burnt to adjacent unburnt sites \apparent.

In contrast to other studies, Bamford (1986; 19985) did not find a relationship
between total reptile species or number of capjuned time after fire in heathland and
Banksiawoodland habitats. He concluded that the oveftdteof fire on reptiles was
negligible, although a small number of speciesadidibit clear post-fire seral responses.
Some species were absent from early successios, ark#e others were present in
increased numbers, apparently favouring the moea gpound. Whilst overall the
assemblage did not change, fire effects may haee blbscured by patterns of abundance
across the landscape that were independent diifitery (Bamford and Roberts 2003).
These studies focused on time since fire and diéxamine fire intensity.
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Studies undertaken by Bamford (1985; 1986) examihedmpact of prescribed burns on
mammals iBanksiawoodland and assessed areas of varying fire ddde@iabeenee
Nature Reserve north east of the GGS. Survivalagtrmammal species was high in
places of uneven (patchy) burn as species werg@Blevive by moving to unburnt areas.
The mean number of captures in the first year &ifiemwas significantly less than that of
all subsequent years. House mibtué musculusand little long-tailed dunnarts
(Sminthopsis dolichujavere more abundant O — 3 years after fire, asly-gnice
(Pseudomys albocineréusetween 3 — 6 years after fire, and honey posgliarsipes
rostratug and western pygmy possun@@efcartetus concinnyisvere more abundant in 11

year old vegetation.

Much of the work on effects of fire on invertebate Western Australia has been
conducted in the wetter south west forests. Thertebrate fauna on the Swan Coastal
Plain however has been shown to respond in diftev@ys. The greater regularity of
seasonal climate and uniform landscape and fireneghas lead to a more predictable
succession following frequent moderate intensitgsfion the Swan Coastal Plain,
compared to the south west with less frequent imggnsity fires and greater
topographical/geological variability (Van Heurckdafibbott 2003). This has lead to a less
predictable response and the favoured persistefrediat Gondwanan taxa in the south
west (Main 1987; Van Heurakt al. 1998).

On the Swan Coastal Plain, in JarBdmnksiawoodland, richness and abundance of
invertebrates increased several weeks after aivaldfith some of this being attributed to
the survival of arboreal species which had becoreeractive on the ground (Barendse
al. 1981; Whelaret al. 1980) found that eight years was required forepigthness in
Allocasuarina-Banksiavoodland to recover after fire. The work also fowadne rare
spiders only in areas unburnt for over 20 yeard,that litter type and location was more
important than time since fire for composition aiathness.

In Kings Park (Ladhams 1999) the beetles and spisleswed no change in richness but
significant changes in composition following fifhese changes were associated with
changes in habitat availability for both beetled apiders, as well as prey abundance and

climate for the latter. The changes in habitatlabdlity are primarily, for ground dwelling
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invertebrates, based on changes in the leaf [ktez.time since fire was found to be an
important regulator of litter biomass, depth anmhly space.

Van Heurcket al.(1998) also looked at leaf litter variables in i@sge to fire, although in
the central Jarrah forest. Litter depth, coveramdme recovered after three years for both
spring and autumn fires, with understorey shrubevering more rapidly after a high
intensity autumn burn. The season of the fire voasid to influence microhabitat

diversity, with particular types of habitats berrgated by high intensity autumn fires

only. Friend and Williams (1993) found post fire@émtebrate abundances and composition
did not correlate with changes in floristics or g&gion structure in Mallee Heath

remnants in the south west.
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GSS Projects-fauna studies 2007 to 2010

The GSS projects focussed upon post-fire regeoarattterns of vertebrates and the
identification of key fire response vertebrate spem order to help guide the

development of suitable fire intervals for the stagea.

Patterns of ground-dwelling vertebrate biodiversi{yalentine et
al. 2009b).

Reptiles

Results from the studies undertaken by DEC foiGB& indicate that the response of
reptile communities to time since fire varied amalifferent combinations of vegetation
type (Banksia, Melaleuca, Tuart, Jarrah) and timeesfire (Valentineet al.2009b). The
surveys found that overall reptile abundance, dsage¢he abundance of some specific
species includingylorethia obscuraandLerista eleganswas higher at sites with a fire age

of at least 11 years since last burn (Figure 7nBwinet al.2009; Valentinest al.2009b).

The majority of the burrowing snake species, iniclgdhe Priority listed elapitiieelaps
calonotuswere also captured at sites with a fire age of $1LF or greater (Swinburet al.
2009; Valentineet al.2009b). This perhaps reflects a difference inues®availability
between recently burnt and long unburnt sitesrévipus studies, skink-consuming
elapids tend to be absent, or in lower abundamcescently burnt habitat (Valentine and
Schwarzkopf 2009).

Time since fire also influenced the assemblagepecies composition of reptiles that
occurred at sites which is shown by NMDS ordinatigigure 8a). Older sites (> 16
YSLF) predominantly are separated from youngessaéhough there is some overlap
which is likely to be due to some influence of habiype. Analyses of correlations of the
reptile species and habitat variables that areribarting to the ordination are shown in
Figure 8b. Here species suchLasegans, M. obscurare associated with older sit&s,
adelaidensisith younger sites.
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Figure 7. Significant differences in the mean (x 96CI) of a) reptile abundance and b) abundance of
M. obscurabetween ‘old’ sites (those long unburnt, > 16 yearsince last fire) and ‘young’ sites ( those

recently burnt, < 11 years since last fire).
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Figure 8. NMDS ordination (Sorensen distance measure) on¢hassemblage of reptiles
(n = 23 species) at 38 sites for time since fir@he ordination is in three dimensions
(stress = 0.135), with axis 1 and 2 plotted{r= 0.346 and 0.306 respectively)d)

Correlations of species and habitat variables r> 0.2) with NMDS ordination.

Specific analyses examining the interaction betwessgetation type and fuel age
categories were undertaken BanksiaandMelaleucasites. Our results indicated that
reptile communities varied among different combiat of habitat and fuel age
(Valentineet al.2009b). Different reptile species tend to prefffiecent habitat attributes
(Letnicet al.2004), and these attributes will be in differamp@ly in different vegetation

types, and may be altered by burning. The diffezsrietween fuel ages were particularly
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pronounced irMelaleucasites. Young fuel age sites Melaleucahabitat tended to contain
fewer reptiles, and had few species associatedthetm. Although some differences were
also detected between fuel age8anksiasites, they were less pronounced, and young
fuel ageBanksiasites often had species common in old fuel ags $&.gMorethia
obscurg. Particular species of fauna were associated fwéhage sites in different ways
within the two habitat types. For example, repdiieindance was correlated with fuel age,
however, this correlation was only significant vintiVielaleucasites. This suggests that

the response of reptiles to fire age is dependeon thabitat type.

Changes in the abundance of reptiles following imgris often linked to fire-induced
changes in the resource availability of the pagt-éinvironment (Friend 1993; Masters
1996). Because reptiles tend to occupy sites wiitialsle thermal, shelter, and food
resources (Friend 1993; Letrat al. 2004; Masters 1996), burning may have modified
elements of thabitat in a manner undesirable to some species|ofty unburnt sites
contained deeper piles of litter, and those spetitsa preference for deeper litter, were
observed in high abundances in the long unbures sitypically, litter-associated lizards
respond strongly to the removal of vegetation aedugually observed in high abundance
in the least-disturbed sites, and their densibftisn correlated with variables of vegetation

cover (e.q. litter cover; Greenbestyal. 1994; Masters 1996).

The succession of fauna with time since fire onG@&S was also examined by assessing
relative abundance (species average abundancdedilsy the maximal average
abundance) in relationship to time since fire. Thghlighted that the responses of reptiles
to fire in Banksiawoodland are complex. Reptile species tendedsjpored in different
patterns to time since fire, with relative abundaastimates peaking at every fire age
category for at least one species of reptile (Hduand Table 4). Several species preferred
recently burnt sites (e.§lorethia lineoocellataandLerista praepedita)whilst others were
most abundant in intermediate fuel age sites (@&enotus fallenand Strophurus
spinigeru$, and still other species in long unburnt siteg.(@orethia obscura, Lerista
elegansandAprasia repens Furthermore, several species displayed a bimadalonse to
time since fire, with relative abundances peakmfbath recently burnt and long unburnt
sites (e.gRankinia adelaidensiandCtenotus australis This is likely to be related to
changes in habitat features, not time since firespe Certain habitat characteristics of

recently burnt and very long unburnt may be sirmalad preferred by some species. This
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study indicates that a diverse range of post-faeitat is necessary to cater for the species

rich reptile fauna in the GSS study area.

Table 4. Preferred fire age for reptile species, dived from species abundance analyses, multiple
captures in only one fire age, and NMDS ordinationsf reptile assemblages (Swinburmet al.2009;
Valentine et al.2009b).

Reptile Species Preferred Fire Age Method
(years since last fire)
Rankinia adelaidensis <11 (young) 1,3
Lerista elegans 11+ (old) 1,3
Morethia obscura > 16 (old) 1,3
Aprasia repens >16 (old) 3
Menetia greyii >16 (old) 1,3
Neelaps calonotos 11+ (old) 2
Tiliqua rugosa <11 (young) 3
Tiliqua occipitalis <11 (young) 2
Ramphotyphlops australis >16 (old) 2
Demansia psammophis reticulatg>16 (old) 2
Delma concinna concinna <11 (young) 2

1. Preferred fire age derived from species abundanalyses
2. Insufficient data for analysis however multiple taps in only one fire age (at least 2)
3. Preferred fire age derived from NMDS ordinationgeaytile assemblages
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Figure 9. Successional responses of reptilesBanksiawoodland related to time since fire. Relative
abundance estimated as a species average abundadiséded by its maximal average abundance.

Responses are separated into a) early, b) intermexde, and c) late.
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Reptiles and habitat parameters

Habitat variables were also assessed further atitedsur habitat types (Banksia,
Melaleuca, Tuart, Jarrah) to examine differenceéwéen time since fire. The number of
plant species was correlated with reptile spedtdmess (Pearsonis= 0.452,P = 0.006,
Figure 10), but not reptile abundance. Howevaatileeabundance was correlated with
times since fire (Pearson's= 0.327,P = 0.045; Figure 10), unlike reptile species rictge
In addition, reptile abundance was correlated wittumber of habitat parameters
(Table 5), including positive associations withelitcover, canopy cover and litter depth,
and negative associations with soil cover and abauraf the touch pole count intervals
(Table 5; Figure 10). The association of reptilaradance with litter depth indicated that
the pattern was only significant in long unburmési(Figure 10), with trend lines
indicating £ values for the subset groups time since fire th®ftouch pole counts, the
interval 20 — 40 cm was positively correlated wigptile diversity measures, and the
number of plant species, but negatively correlatgld the abundance of reptiles (Table 5;
Figure 10). The number of plant species was neglgitcorrelated with other touch pole
count intervals (intervals > 40 cm; Table 5). Tianece fire was significantly correlated
only with litter depth (Table 5).

Table 5. Pearson'’s correlations (r) of reptile abndance, species number, diversity, evenness, plant

species number and fuel age with habitat variablest each site.

Reptile Rept|_le Reptile Reptile Flora Time since
Species . . : .
Abundance . Diversity Evenness Species Fire
Richness
Vegetation cover -0.017 0.396* 0.373* 0.192 0.276 0.170
Litter cover 0.475** -0.267 -0.173 -0.192 0.128 0.170
Soil cover -0.466** 0.133 0.011 0.085 -0.159 -0.219
Canopy Cover 0.447* -0.380* -0.179 -0.310 -0.173 0.153
Litter Depth 0.512** -0.241 -0.019 -0.084 0.046 0.433**
Touch pole counts
0-20cm -0.077 0.249 0.289 0.209 0.180 &.09
20-40cm -0.336* 0.504** 0.361* 0.331* 0.375* -0.206
40 -60cm -0.430** -0.016 -0.033 0.243 -0.346* -0.286
60 —80 cm -0.346* -0.115 -0.170 0.082 -0.623** -0.221
80 — 100 cm -0.353* -0.124 -0.209 0.039 -0.634** -0.264
100 — 150 cm -0.208 -0.286 -0.277 -0.072  -0.626** -0.249
150 — 200 cm -0.274 -0.390* -0.255 0.020 -0.469** -0.298

Significant values are in bold @< 0.5, ** P < 0.01) and values approaching significance agatified (*
0.06 >P > 0.05)Diversity calculated using Simpson’s Diversity ofiex (1-D), 0 (low) to 1 (high).
Evenness derived from Shannon-Wiener Index withdtigyalues representing a less variable community.
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Figure 10. a) Reptile abundance with time since f&, and, b) reptile abundance with litter depth, wih
times since fire categories identified. Linear trad lines are plotted for each graph, and an r2 vale
provided.

Mammals

Although a number of mammal species were captueidgithe GSS field studies
including honey possunT (rostratus) Quendaléoodon obesulus fusciventgbush rat,
moodit (Rattus fuscipgsRakali Hydromys chrysogastgr Sminthopsis sp., echidna
(Tachyglossuss aculeajusiouse mouseM. musculusand black ratRattus rattuy

overall mammal capture rates were very low andethexs little detailed information on
their specific responses to fire (Valentieteal. 2009b). The exceptions were fdr
musculusandT. rostratusand the response of these two mammal speciextwéis clear.
The house mousdius musculuspreferred more recently burnt sites (Swinbetial.

2009; Valentineet al.2009b). In contrast, honey possurhar§ipes rostratuswere more
abundant in older sites, with peaks in relativeralauince at sites 20 — 26 YSLF (Valentine
et al.2009b). Although honey possunisafsipes rostratusare known to return to burnt
areas within 2 — 4 years since fire (Bamford 13B&raardt 2003; Richardson and
Wooller 1991), higher densities are recorded irepilcegetation, with peaks in abundance
in vegetation 20 — 30 years since last burnt (Bradset al.2007; Everaardt 2003). Our
results were very similar, with low abundance icergly burnt sites (< 7 YSLF), followed
by an increase in abundance as time since fireased (Valentinet al.2009b). However,
in theBanksiawoodland on the GGS we also noticed lower abundaimcsites that have
remained unburnt for a very long time (> 36 YSLBney possums are dependent on

nectar and pollen, particularly from plants of Br®teaceae, Myrtaceae and Epacridaceae
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families (Woolleret al. 1984). Capture rates of honey possums are cltingbd to food
sources (Bradshaet al.2007) and have been correlated with the densfilswers and
the flowering periods dBanksia (Everaardt 2003). Hence, the impact of fire ondyo
possums will be related to the post-fire respow$éarget food species (Bradshatval.
2007).

Historically the Honey possum was considered uncomon the northern SCP and the
Western Australian Museum 1977-78 survey only rdedrone specimen at Burns Beach.
This species has been recorded in other faunaysinrelertaken by consultants on the
GGS since the WAM 1977-78 survey (Ecologia Envirental Consultants 1997). Honey
possums are highly susceptible to habitat loss fvoth land clearing and dieback disease
(Phytophthora cinnamorpipredation by cats, inappropriate fire regimed fmod source
restrictions caused by lowered groundwater affgdiimwering capacity of vegetation
(Phillips et al.2004).

12 - Mus musculus

Tarsipes rostratus

0.8 -

0.6

Relative Abundance

0.2 -

Young, 4 YSLF  Young-Inter, 6-7 Intermediate, 17 Old, 22-26 YSLF  Very OId, 36
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Figure 11. Successional responsesfis musculusand Tarsipes rostratusn Banksiawoodland (using

relative abundance estimates) to time since fire.
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Figure 12. Abundance of four mammal species as siteyeted for trapping quenda. The
abundance of quenda was highest at Twin Swampgsé\Reserve, which is fenced and

baited to reduce predators. (M’burra NR = MuckerdiNature Reserve).

The number oH. chrysogasteRakali trapped at Lake Goolellal and Loch McNeg#)
minimal survey effort was surprising, indicatingtlthese two lakes support reasonable
populations of this species. The survival of Raisatritically linked to the persistence of
wetland eco-systems. Loch McNess has a histofeqtient (and recent) fires. It has a
low numbers of islands that could provide refugaitat for water rats. This may result in

Rakali utilising the banks more and being subjetteidhpacts from fires.

On the northern SCP Rakali are restricted to tkedand water bodies of the Spearwood
system as most water bodies on the Bassendearsysteen are ephemeral. Rakali are
highly susceptible to loss of habitat through tbatcaction and drying out of lakes either
through filling and draining for alternative landay decreasing rainfall/drying climate and
hydrological groundwater changes. Rakali are alsgeptible to water quality degradation
and predation by foxes and cats. Loss or reduaticize and quality of wetland areas
would also affect the food resource for rakalitreesy feed on large aquatic insects, fishes,
crustaceans, mussels, frogs, lizards, water birdda@toises etc (Olsen 2008; Woollad
al. 1978).
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Figure 13. Abundance of three mammal speciedes &wrgeted for trapping Rakali. The
abundance of Rakali was highest at Lake Goolellal.

Valentineet al. (2009b) found the mootit or bush rat were onlyated in wetland habitat.
The northern SCP is approaching the northern linibeir distribution. Three other sub-
species are widespread in eastern and southernafastnd the species as a whole is
considered common in abundance. On the northernid€iPrats appear to prefer mesic
environments providing dense understorey and graomdr. This appears consistent
throughout all fauna studies that have been urkksmtan the northern SCP. Prior to the
WAM 1977-78 survey there had only been one specicoiacted on the northern SCP,
from Yanchep in 1975. In the 1977-78 survey theyevagain only trapped near Loch
McNess in Yanchep National Park. In 2007 Turpipped bush rats in thickets of
wetland-associateldepidoserma gladiatunm the coastal dune swales west of Yanchep
National Park (pers. comm. to Brent Johnson, 200&3se results indicate a preference
for near-coastal habitats. This area, along thealicoastal strip (Quindalup Dunes), is
largely proposed for urban development and is ansiclered a long term viable fauna
habitat. Threats to this species include habitd, loragmentation, predation and

inappropriate fire regimes (Lunney 2008).
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Southern brown bandiccot or quené®opdon obesulyavere typically found in moist
low-lying areas with dense mid-storey vegetatioalévitineet al.2009b). Similarly,
studies at Whiteman Park have indicated that quarglaersisting in the dense mid-storey
level heath associated with wetlands (Bamford aaoh#®rd 1994). When fox baiting was
introduced at Whiteman Park, quenda both increasedmber and began using upland
areas as the threat of predation diminished (Bashdaod Bamford 1994). Valentimt al.
(2009b) found quenda were only observed in higtsities at Twin Swamps Nature
Reserves which is both fenced and baited for ptioteof the critically endangered
Western Swamp Tortoise. This information indicdtes suppression of quenda
populations is likely from fox predation in unbaiteabitat. In other parts of their range
where baiting occurs, such as the jarrah foresherDarling Scarp, quenda inhabit a
variety of habitats including open woodland andanplareas. It is thought Quenda may
be favouring the dense wetland-associated vegeth#bitat type to a greater extent
because of the presence of foxes. Hence, thespmrse of quenda in unbaited areas on
the GGS is strongly reliant on dense wetland-assedivegetation that is likely to

decrease with increased fire frequency.

Impact of fire on avifaunal communities (Davis 20@9

On the GGS bird density and species richness weghdyhvariable across the 20 fire ages
which ranged from one to 26 YSLF. There was no alsly discernable trend between
fire age and bird density, with the highest birdglBes occurring 9, 23 and 25 years post-
burn and the lowest bird densities 2, 10 and 18sypast-burn. Species richness was less
variable and was also highest at 9, 23 and 25 ymstsburn and lowest at 2, 6 and 10
years post-burn.

Most species did not show any clear trend in teshccurrence in relation to fire age,
although Splendid Fairy-wrenbM@lurus splendensvere more frequently recorded in
longer unburnt areas (Figure 14) and Yellow-rumpkdrnbills (Acanthiza chrysorrhoa)
were more commonly observed in more recently bareds (Figure 15).
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Figure 14. Relative occurrence (number of surveysiiwhich the species was recorded) for Splendid

Fairy-wrens (Malurus splendeny
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Figure 15. Relative occurrence (number of surveysiwhich the species was recorded) for Yellow-

rumped Thornbills (Acanthiza chrysorrhog

Studies have found that bird species richness umllyshighest in long-term unburnt
vegetation (15 years post-burn) but is also higlséveral years following a fire (Burbidge
2003). Species diversity can also increase andidieehin burnt areas for up to 3 years
post-burn (Christensest al. 1985). Although these results were not clearlieotéd in this
study, the highest mean density and total speabsess occurred at the longest unburnt
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sites (23 and 25 years post-fire). However, ovetlafire was only a weak positive
relationship between density, richness and timeesiine.

Although time since fire was not significantly redd to changes in species richness or
density these measures were strongly correlatddthet floral richness of sites and it is
likely that the primary impacts of fire are likely be on the structure and composition of

vegetation at sites and this will in turn affectfanna.

Impact of fire on food availability for Carnaby’s Gckatoo on
the GGS (Valentine 2010)

Carnaby’s Black-Cockatoo is an endangered spewitts)ess than 50% of the original
population remaining (Garnett and Crowley 2000)n#jor threatening process includes
habitat fragmentation and the removal of critiedding resources (Cale 2003). The GSS
study area is an important foraging area duringittrebreeding season for Carnaby’s
Black-Cockatoo with both native Banksia woodlandd pine plantations recognised as
important food resource (Perry 1948; Saunders 19940). Indeed, the GSS region has
been identified by Birds Australia as one of Augra 314 Important Bird Areas (IBA),
primarily due to the regions known significance fooviding foraging habitat for
Carnaby’s black-cockatoo (Dutsemal.2009).

Although Carnaby’s black-cockatoo traditionallydge upon mostly proteaceous plants,
an expanding urban population and agricultural tigareent has resulted in the removal of
large sections of native vegetation. There hags be®major shift in dietary composition
from a traditional diet of mostly native seeds aedtar to seeds of pine from plantations
(Higgins 1999; Saunders 1980)). The pine plamatio the GSS study area limit ground
water recharge and will be harvested without regateent over the next 18 years
(Government of Western Australia 2009b). The etgubclear fall without replacement
will potentially lead to a shortage of food for @aby’s black-cockatoo (Cale 2003)
(Garnett and Crowley 2000). Of the native feedigprds on the Swan Coastal Plain,
Banksia species accounted for nearly 50%, witmtbpority of records from the slender
Banksia,Banksia attenuatéShah 2006). This species, and the co-domiBanksia

menziesiare considered essential native food sources (Sb@®).
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Preliminary surveys of the food availability of lk&ras woodlands in remnant vegetation
in the GSS indicated that food resources varie@@ng on a number of factors,
including fire history (Valentine and Stock 200&3iven that fire is a common occurrence
within the GSS study area, and one of the mairstaghilable to land managers,
understanding the changes in food availability wiitie since fire is potentially important
for conserving food resources for Carnaby’s blaokkatoo. The responsesBdinksia
attenuataandB. menziesiio fire are still largely unknown. This project asaired a
number of variables (including tree density, prajoorof populations producing cones and
the number of unopened cones per tredasfksia attenuatandB. menziesiin a range of
Banksia woodland habitat varying in time since fast(Valentine 2010). This
information was then combined with the field mefabeequirements of Carnaby’s black-
cockatoo and the energetic valuegBahksiacones (using Coopet al.2002) to derive
estimates of the maximum number of Carnaby’s blamt&atoos that could be supported
by 1ha of habitat for 1 day (with the food resosroéthis habitat being depleted after this

day, assuming that the return of the food souraksake one year).

The 39 sites surveyed were spread throughout ti& lia8ksias woodlands in a range of
time since fire habitat. Sites were grouped ih®following time since fire categories: 0-
5 YSLF (9 replicates), 6-10 YSLF (10 replicatesl);10 YSLF (12 replicate), 20-29 YSLF
(4 replicates) and 30 YSLF (4 replicates). Due to the difficultyfoiding older time-

since last fire sites, the number of replicatesinieach category varies. In this report, we
present some of the preliminary findings, for moe¢ailed information refer to (Valentine
2010).

The density oB. attenuatavas typically greater than that Bf menziesiin all sites

however the density of both banksias did not vaggiBcantly between fire-age

categories, although there is a very slight tengémchigher density of plants in the 20-30
YSLF (Figure 16). The number of unopened conegrperrepresents the standing crop of
available food resources for Carnaby’s black-camaand varied among fire age
categories depending on the Banksia speciesB Fattenuatahere was a significant
difference in the number of unopened cones peritrdéferent fire-age categories, with
the highest number of unopened cones observee i6-fiD, 11-19 and 20-30 YSLF

categories (Figure 17). FBr menziesithe number of unopened cones per tree was low in
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all of the fire-age categories, with the exceptdéthe> 30 YSLF fire-age category
(Figure 17).
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Figure 16. Density (plants/ha + 95%CI) of B. attenata and B. menziesii among different time-since-

last fire categories. No difference in density wadetected.

ForB. attenuatahere was a significant difference in the numldarmmpened cones per

tree in different fire-age categories (Figure 1The highest number of cones is observed

in the 6-10, 11-19 and 20-30 categories. Bomenziesithere was a significant difference

in the number of cones per tree in different fige-@ategories with the highest number of

cones is observed in the30 fire-age category (although this data is véepf-igure 17).
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Figure 17. The number (x 95%CI) of unopened conesep tree for B. attenuata and B. menziesii in

different time-since-last-fire categories.
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The proportion oB. attenuatdrees containing unopened cones was greatest 6110
YSLF and 20-30 YSLF categories (note that at tiséet in the 20-30 category, all trees
surveyed contained unopened cones (Figure 18). vewiorB. menziesithere was no
significant difference in the proportion of treemtaining unopened cones. The trend
observed was for more trees in th80 YSLF category to contain more unopened cones
(Figure 18).
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Figure 18. Proportion of trees containing unopenedones for B. attenuata and B. menziesii in differan

fire-age categories

By combining the data collected on Banksia proditgtwith data on the metabolic
requirements of Carnaby’s black-cockatoos (Coopal 2002), it is possible to estimate
how many Carnaby’s black-cockatoos could be supgart one ha of different time-since-
fire habitat for one day. The number of Carnaliy&ck-cockatoos that could be supported
varied between Banksia species and among thedeesategories. Significantly higher
numbers of Carnaby’s black-cockatoo could be supdan the 6-10 YSLF, 11-19 YSLF
and the 20-29 YSLF categories (Figure 19). Orfigva (< 50) Carnaby’s black-cockatoo
could be supported in the youngest (0-5 YSLF) &edoldest (> 30 YSLF) fire-age
categories. FdB. menziesjiall fire-age categories supported < 50 Carnablgsk-
cockatoos, with the exception of the >30 YSLF catggwhich could support on average
150 Carnaby’s black-cockatoos, although this waglike among replicates (Figure 19).
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Figure 19. Number of Carnaby’s (+ 95%CI) 1 ha of Battenuata and B. menziesii could support for

one day.

By combining the two species, we can estimate Yieeage number of Carnaby’s black-
cockatoos that are supported by both Banksia woddlan the GSS in different fire-age
categories (Figure 20). The 0-5 YSLF category sugphe lowest number of Carnaby’s
black-cockatoos, with < 50 birds supported on ayerarhe 6-10 YSLF, 11-19 YSLF and
> 30 YSLF support on average ~ 175 Carnaby’s btaiatoos. The highest number of
Carnaby'’s black-cockatoos that could be supportesl ebserved in the 20-30 YSLF
category, with an average of ~ 300 birds suppgrrcha (Figure 20). These results
indicate that fire management actions to consesud fesources for Carnaby’s black-
cockatoos should involve maintaining or increasorgy-unburnt Banksia woodland
habitat within the 20 -30 YSLF category. In aduhitito conserve future food resources for
Carnaby’s black-cockatoos, fire management optstiasild consider adequate protection
of the current 11-19 YSLF Banksia habitat.
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Figure 20. Total number of Carnaby’s 1 ha of Banks woodland could support for one year.

Fauna Attributes Summary: for development of ecodad
fire regimes

Fire regimes can also be based on the vital atesbof vertebrate fauna (e.g. honey
possum, quokka and quenda) (Burrows 2008). Howelatermining fire regimes based on
the vital attributes of fauna is less clear dutatdors such as mobility, predation and
habitat availability which all affect the distribom of fauna species (Burrows 2008). There
is also a need to gain data and information onddifie histories and habitat requirements,
timed fire responses, habitat requirements linkgaoist-fire habitat changes (e.g. litter,
understorey structure, cover, resources-seedsharspatial habitat distribution of

species.

One useful approach is to categorise species respan relationship to their changes in
abundance over time following fire (Fox 1982; Macitret al.2009; Whelan 2002).
Species that peak in abundance at different fue$ &agve been broadly categorised as
early, mid or late successional species. More l@etaesponse categories could include
species that do not change in abundance aftefTiyyge 1), species that increase after fire
by either moving into burnt areas or increasingbnndance (Type 2), species that exhibit
an initial decline following fire and then increasdevels above pre-fire abundance (Type

3), species that show a long-term decline or etitindollowing fire (Type 4) and species
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that decline immediately post-fire and do not resder very long periods (Type 5). Fire
response curves can be assigned for species wiiersation is available, and in some

instances estimated relative abundances will bsilples

Key Fire Response fauna species identified foGS are shown in Table 6. They were
based on conservation status and data on theoredatps to successional ages and
response curves obtained from GSS field studies(8wnet al.2009; Valentineet al.
2009b). It should be noted that the preferred &gyefmuna were based on a study where
the site ages surveyed did not include betweemd11é years. Thus more precise or
accurate ages could not be estimated (Table 6).
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Table 6. Key Fire Response Fauna Species and siotine wtal attributes used to select them inclgd@mdemism, conservation status, and

preferred fire age.

Preferred

Species Common Name Endirh. . o Meth.” Comments
Fire Age
Invertebrates 'Synemon gratiosa Graceful sun moth LE unknown Preferencelfamandraspecies; breed on grasses,
sedges and rushes. Limited dispersal ability tloeeef
lose food source after fire and become locallyretti
(DEWHA 2008)
Amphibians  Crinia insignifera sign-bearing froglet LE >16 years 2 Driven primarily by proximity to water - but relge
population recovery time of about 5-7 years (Conroy
2001; Driscoll and Roberts 1997)
Reptiles Pseudemydura umbrina Western swamp tortoise GSS Sl unknown Pdpukatestricted to Ellen Brook Nature Reserve
and Twin Swamps Nature Reserve on the eastern
boundary of the GSS (Burbidge and Kuchling 2004)
Rankinia adelaidensis western heath dragon LE <11 YSLB 13 Significaetf@rence for Banksia woodland
adelaidensis
Aprasia repens sandplain worm lizard RE >16 YSLB 3
Delma concinna concinna west coast javelin lizard LE <11 YSLB 2
Demansia psammophis yellow-faced whip snake RE >16 YSLB 2

reticulata

Lerista elegans

lerista
Menetia greyii common dwarf skink
Morethia obscura
morethia

Neelaps calonotos black-striped snake
Pletholax gracilis gracilis keeled legless lizard
Tiliqua occipitalis
Tiliqua rugosa

western bluetongue
bobtail

Overall Reptile abundance

west coast four-toed WA

AUS
southern pale-flecked AUS

LE
LE

AUS
AUS

>16 YSLB 1,3

>16 YSLB 1%, 3
>16 YSLB 1+

>16 YSLB 2

unknown

>16 YSLB 4
>16 YSLB 4

>16 YSLB 1**
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Species Common Name Endirh. COHST P.refe"eg Meth.® Comments
status Fire Age
Birds Calyptorhynchus latirostrisCarnaby's Black RE E,S1 Long unburnt5 Rely on Banksia for food - so effects of fire omRaia
Cockatoo (20-30 YSLB) (6) woodland will effect them (Valentine 2010)
Acanthiza chrysorrhoa  Yellow-rumped AUS Recently burn7 Species declining (Blelst al.2009b)
Thornbills
Malurus splendens Splendid Fairy-wrens AUS Long unburnt Nest placement in favoured plakgnthorrhoea
preissii increases with time since fire (Blebyal.
2009a), Species declining (Blebyal.2009b)
Mammals Tarsipes rostratus Honey Possum RE 20-26 YSLE 1 Known to return tmbareas 2-4 years after fire
(Everaardt 2003).
Isoodon obesulus Quenda or Bandicoot WA P5 unknown Dense mid-stregl heath associated with wetlands.
Increase in numbers where foxes are baited
Hydromys chrysogaster Rakali or Water rat AUS P4 unknown Reliant of panent wetlands.
Rattus fuscipes Bush rat AUS unknown
Mus musculus House mouse I <7years 1**

T Endemism within Australia (at the taxa level) éaich species: GSS (restricted to GSS study ared)ocally endemic to the Swan Coastal Plain), (Rigionally endemic
to south-west Western Australia), WA (restrictedMestern Australia), AUS (occurring within and adésWestern Australia, and | (Introduced).

T Conservation Statu€E — Critically Endangered on EPBC Act; E — Endaaden EPBC Act; V — Vulnerable on EPBC Act; S1ch&lule 1 of WA Wildlife
Conservation Act; P3 — Priority 3 fauna on DEC RtyoList; P4 — Priority 4 fauna on DEC Prioritydtj P5 — Priority 5 fauna on DEC Priority List.

o Fuel age in Years Since Last Burnt

(Data for Valentine (2009b) sites cover fuel age4,®, 7, 10, 17, 22, 26, and 36YSLB grouped ¥ong (<11YSLB) and Old (>16YSLB) fuel ages)

¢ Methodology:

. Information only (Davis 2009b)

~NOoO b~ WNE

. Preferred fire age derived from species aburelanalyses (Valentingt al. 2009b). Significants indicated by ** (p < 0.01)danh(p < 0.05)
. Insufficient data for analysis however multipbptures in only one fire age (at least 2) (Valentit al.2009b)

. Preferred fire age derived from NMDS ordinatiofiseptile assemblages (Valentieeal. 2009b)
. Implied trend only from Cage and Elliot trapalé¥alentineet al.2009b)

. Preferable fuel age suggested through analfsisraber of Carnaby’s Cockatoos that Banksia waadacould support (Valentine 2010)
. Implied trend only from Davis (2009b) - data eo26 years evenly
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Habitat parameters and growth stages

Another approach to determine fire regimes involdesitification ofhabitat parameters
associated with the different post fire stagesifééknt vegetation types that are important
for individual species (MacHuntet al.2009; McElhinnyet al.2006). Habitat parameters
(such as % cover of understorey, canopy, litteenoground, coarse woody debris, trees —
various diameters at breast height, shrub composgtic.) can be linked with post fire
stages and estimated fauna fire response curves D&partment of Sustainability &
Environment (Victoria), is developing methods te gsowth stages, in preference to age
class distributions, and the known or predictedtrehships between fauna and habitat
growth stages (G. Friengkrs. comn). The relationship with growth stages is likedybe
more precise than the relationship with age clagsekere is often variability in habitat
factors within categories of age class (YSLF) dugattors such as season of burn, type of
fire (wildfire, prescribed burn), and post fire o@ery conditions such as rainfall. The rate
of recovery of vegetation and habitat parametetsime per sehas been shown to be most
important in the successional process for mamnkals énd Monamy 2007; Monamy and
Fox 2000). The aim of these approaches is thuptimse these seral or growth stages so
that species requirements are met and there i3ssoff species due to absence of suitable
seral or growth stages.

Based on this fauna and habitat information itassible to identify key fire response
species i.e. species most likely to be affectetbbg or short intervals between fires. It
would be beneficial to select species whose hatatptirements can clearly or logically be
linked to habitat changes with post-fire vegetasancession (Burrows 2008; MacHunter
et al. 2009).

Spatial components of fire regimes for fauna shaidd be incorporated. This is
particularly important with regards to factors sashpatch size, connectivity between

patches and the home ranges and dispersal cajsbilittaxa.
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Impact of fire on wetlands on GGS

Wetland soils and sediments are becoming more raliteto fire on the Swan Coastal
Plain due to summer drying of surface sedimentssiwis affected by recent changes in
climate, declining rainfall, increased use of grdwater by an increasing urban
population, clearing of bushland, silviculture dmatticulture, urban development (Horwitz
et al. 2003; Horwitz and Smith 2005; Horwitz and Somm@0%). Wetlands exposed to
fire can result in the loss of organic matter atifteochemical and physical changes
(Horwitz and Sommer 2005). Semeniuk and Semenid@5onsider that along with the
hydrology of a wetland, the potential for soils a®dliments to combust is related to
annual fluctuations in the water table, the lortgem climatic patterns and the distribution

of flammable material within a wetland.

Comparatively little has been published on theat$fef fires on wetlands, aquatic biota
and water quality per se. Many plants and anin@lad in wetlands either require fire as
part of their life history strategy, or can avdiéhaviourally or phyiologically, the effects
of fire. Other wetland biota cannot survive theedtreffects of fire, and that such species
are likely to be found in permanently wetter paftshe landscape where they have been
able to evade fires over long periods of time (efuges’) (Horwitzet al.2003; Horwitzet
al. 2009).

The potential consequences of fire on wetlandsveatdr quality have been categorised in
terms of interrelated effects and all have trogltiocsequences, particularly when
considered together with the direct effects offtreeon wetland biota (Horwitz and
Sommer 2005; Horwitet al.2009).

» Catchment effecdue to runoff and deposition, can result in shentat changes such as
increased base cations, alkalinity, nutrient, sedits, and groundwater recharge.

» Atmospheric effectmostly short term, include rain of dissolved vdiséid reactive and
particulate compounds that have mild acidifying/andertilising effect.

* Rehydration of burnt or overheated (organic) sajslkaline consequences where ash
can fertilise and increase productivity in the sherm, or b)acidic consequences where
acid sulfate soils are oxidized producing acidifima.

* Fire suppressiomctivities have different effects depending onghdicular method.
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» Water movemerftaking water from or dumping it into a wetlandhdaappropriately

translocate species, disturb acid sulfate soils.

Increased frequency of controlled burns as proptsedhance water yield on the GGS
(Canci 2005; Yesertener 2007) must be evaluatéerims of the likely consequences for
wetland ecology. For instance, there may also lbesaof heterogeneity in vegetation as
species that are intolerant of frequent fire aezlgally lost and age class structures change
to reflect predominately early post-fire regenenatstages. This may drive the system to
become more grassy and flammable. Burning arounidmes more often may increase

the likelihood of fire entering wetland sedimemarticularly if they are in a relatively dry

State.

Wetland biodiversity: flora and fauna on GGS

A range of wetland biodiversity is likely to be sificantly impacted by inappropriate fire
regimes. Vegetation at risk includes major comgédx Typha-Baumea, 2. Melaleuca
rhaphiophylla, 3. Melaleuca preissiana, 4. Melalawiminea, 5. Eucalyptus rudis, 6.
Juncus kraussi, 7. Lepidosperma longitudinale, &uarina obeséHorwitz et al. 2009).
Seven threatened ecological communities in the 8@/ area that are considered to be
wetland communities are also at risk, including:
« Banskia attenuatavoodland over species-rich dense shrubland (contmtype
20a as described by (Gibsenal.1994a)
e Agquatic root mat community of caves of Swan CoaBtain (Yanchep Caves)
e Communities of tumulus springs (organic mound gwjrswan Coastal Plain)
* Woodlands over sedgelands in Holocene dune swateg gsouthern Swan Coastal
Plain (community type 19b as described by (Gibsbal. 1994a)
» Herb rich saline shrublands in clay pans (commutyibe 7 as described by Gibson
et al.1994)
* Forests and woodlands of deep seasonal wetlarffiwar Coastal Plain
(community type 15 as described by Gibsbal. 1994)

* Perth to Gingin Ironstone Association (Northermbtones).

Impacts of Fire on Biodiversity 66



Gnangara Sustainability Strategy — Biodiversity &¢p

Aquatic invertebrates are at high risk from firepmets. Studies of aquatic invertebrate
taxa recorded from wetlands on the Gnangara groatehsystem (Horwitet al. 2009)

has revealed a surprisingly high richness considehe comparatively small survey area
and the degree of anthropogenic alteration of thimpRare and endemic invertebrate taxa
are generally associated with rare wetland typek as cave streams and mound springs
which provide a unique wetland environment withrelsgeristic stygofaunal assemblages

distinguishable from the unconfined aquifer (Someteal. 2008).

(Horwitz et al.2009) identified high priority wetlands with ‘sificant’ invertebrate fauna

(in terms of aquatic invertebrate richness, endenaiad/or rarity) (see Table 7). They

include:

 aquatic habitats in cave systems in karstic areasd Yanchep

* permanent deeper surface waters in northern lictegin wetlands of the Spearwood
interdunal system

 tumulus springs (organic mound springs) in therEBeook region of the eastern
Gnangara groundwater system

« surface waters in the Ellen Brook region of theeasGnangara groundwater system

* habitat complexes in large shallow wetland systemthe interface between Bassendean

dune and Pinjarra Plain systems.
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Table 7. High priority wetlands on the Gnangara goundwater system in terms of richness, endemism

or rarity criteria for aquatic invertebrate records . Wetlands are ordered from north to south. (adaptd

from Horwitz et al.in press).

High priority
wetland

Richness Endemisnt Rarity® Wetland habitat descriptors

Yanchep Caves

Loch McNess

Lake Yonderup

Lake Nowergup

Lake Jandabup

Twin Swamps

Muchea/Peter’s Spring,

Kings Spring,
Bullsbrook Channel,
Edgerton Spring,
Edgecombe Lake,
Nursery Dam

Ellenbrook Nature
Reserve

LE

X RE

X

X

X RE

X RE

LE, RE

RE

Underground karstic stream, root mat
fauna

Permanent lake, spring, karstic
system, diverse littoral vegetation
communities, low conductivity, low
colour and low turbidity

Permanent lake, karstic system,
unconsolidated and consolidated
organic soils, low conductivity, low
colour and low turbidity

Deep, permanent lake, Spearwood
sands, diverse littoral vegetation
communities, unconsolidated and
consolidated organic sediment, low
conductivity, low colour and low
turbidity

Semi permanent, weakly-coloured
water, a mix of diatomaceous-organic
sediment and leached Bassendean
dune sands, relatively shallow, with a
variable drying regime but mostly
with complex littoral vegetation
communities that are seasonally
inundated

Discrete bodies of shallow seasonal
surface water influenced by both the
clays of the Pinjarra Plains
(Guildford) and sands of the
Bassendean dunes, with associated
complex littoral vegetation
communities and darkly stained water

Mound spring, or small (created)
depression fed by spring

Shallow seasonal clay-based wetland
fed by surface run-off on Pinjarra
Plain, with littoral vegetation

'Richness — more than 100 species and/or 65 Farsii@sn with ‘X’
2Endemism — wetlands with known local endemic spe(li€; restricted to the Swan Coastal Plain
bioregion) or with greater than 20% regional endsn(RE; restricted to the South-west Australian

Floristic Region)

% Rarity — wetlands with more than 25% rare taxa shwith ‘X’
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A range of vertebrate fauna that occur in wetlaabitats are at risk from inappropriate

fire regimes. The water rat, or rakalydromys chrysogastgmrequires permanent water
for at least part of the year, dispersing to sealseptlands when conditions are suitable
(Froendet al.2004). Bamford and Bamford (2003) regarded wesaartt their margins to
be a significantly productive habitat for the chaldiDasyuris geoffroil. They also

referred to the preference of the southern browrdicaot, or quendajgoodon obesul)s

for denser vegetation and association with wetlzaduitats. The quenda and rakali are both

listed as Priority 4 species by the Departmentrmofienment and Conservation.

Storeyet al.(1993) recorded 79 species of waterbirds on thenS@oastal Plain. A list of
172 bird species (including about 15% land birdgagrants) that have been observed or
that are expected to make regular use of the ax@@gassed by the Gnangara

groundwater system has been compiled by BamfordBanaford (2003).

Five reptile species are associated with densetatge and seasonally damp soils
around wetlands (Bamford and Bamford 2003). The@yaswamp tortoise
(Pseudemydura umbripan particular is threatened by inappropriate fegimes. ltis
listed nationally under the EPBC Act 1999 as aiticendangered and in Western
Australia is listed under th&ildlife Conservation Act 1956k rare or likely to become
extinct. Internationally, the western swamp toedsslisted as critically endangered on the
2008IUCN Red list of threatened specaswell as being listed under Family Chelidae of
the Convention on International Trade in Endang&ieekies of Wild Fauna and Flora
(CITES) (Burbidge and Kuchling 2007). Only one \&population survives at Ellen
Brook Nature Reserve with two other locations, T&imamps and Mogumber Reserve

populations being maintained with translocatedvitlials (Burbidge and Kuchling 2007).

Because of their biology, frogs are likely to basigve to changes in landscape hydrology
and the impacts of fire on wetlands. In 2009 fitigdies based on aural surveys of calling
males were undertaken by the GSS at sixty-twa sitéhe main wetland types in the
GGS: lakes (n=11), palusplains (n=14), sumpland83hand watercourses (n=4)
(Bamford and Huang 2009). Of the 13 frog speciesdmnfrom the area, nine species were
recordedCrinia georgiana, Crinia glauerti, Crinia insignifa, Heleioporus eyrei,
Limnodynastes dorsalis, Litoria adelaidensis, Lidlamoorei, Myobatrachus gouldand

Pseudophryne guenthefiwo species sensitive to hydrological char@edlauertiand
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C. insigniferg were considered likely to decline rapidly duegbance on small, shallow
wetlands and near-annual recruitment (Bamford amanlg 2009; Huang 2009). One
speciesP®. guenthediwas assessed as very sensitive to hydrologieaig#ndue to a
specific and inflexible breeding biology that rslien early winter rains and very shallow

wetlands

Resilience

Disturbances such as fire disrupt community stmeéchy changing, temporarily or
permanently, factors such as the availability dfs$tates and resources. They also alter
the physical environment, including factors sucheasperature and climate. There has
been a focus on how communities exhibit resistamckresilience to disturbances, and
their capacity for restoration (Schefigral.2001; Walkeret al.2002). The ability of the
biotic components of an ecosystem to withstandidhsinces depends on the resilience and
resistance of the systerResistancean be defined as the capacity of the system to
withstand change in structure and functiétesilienceepresents the capacity of a system
damaged by disturbance to restore structure aradifumonce the disturbance is removed
(Carpenteet al.2001; Petersoat al.1998). The process involves the degree, manner and
pace of restoration with some systems possessingajpacity to return to their prior state
(Westman 1986).

While ecological phenomena normally vary within hdad ranges, rapid, nonlinear
changes can be triggered by even small differeifickeseshold values are exceeded. It is
important to understand and anticipate nonlinesppaases and ecological thresholds
because the outcomes of classical models commeskritbed in the literature, such as
‘Clementsian’ succession, may differ significarftly these situations. Models to describe
such changes have been developed and are desasilséate-transition models. The main
features of these models are the identificatioalt@frnative states’ of the systems
(vegetation complexes) that remain the same orgghalowly, and a set Ofransitions’

that can occur between states. In addition, certaresholds’ of environmental factors are
essential for the states. If an ecosystem whictdegsaded has not crossed certain

thresholds, transition back to the original statpassible; but if it has crossed certain
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thresholds, transition back to the original staie et occur without management

intervention.

In this project we do not have an understandintpefresilience and resistance of
communities in the Gnangara groundwater systenstartbances such as inappropriate
fire regimes. For example how resilient would wagen and fauna communities and
species be if a fire interval of < 6 years was enpénted on the GGS for an extensive
period of time. Further what level of fire frequgror intervals would approach or pass an
ecological ‘threshold’ on the GGS that would degrétke system thus leading to loss of

function or structure.

Measuring resilience is however difficult becausentails measuring the ability of the
ecosystem to have disturbance and change withssitibfunction or structure. State and
transition models are considered likely to improwe understanding of the groundwater-
dependent vegetation communities of the Gnangaangivater system mound (Peditt

al. 2007) and, subsequently adaptive managementdeetbommunities. THenangara
ecohydrological studgSommer and Froend 2009) is currently investigatiodels and
applications for groundwater-dependent vegetat@nraunities. This work may provide
the basis for developing similar models for theepaial for degradation or non linear

transition states in relationship to fire regimes.

Interaction of fire impacts with other threats on GGS

Climate change and fire regimes

Wildfire is a global issue, and the key factorsalved — climate/weather, fuels, ignition
agents and people — will continue to change asriggyond to global changes in climate
(Flanniganet al.2009). Climatic changes, in terms of increasedoeatures, declining
rainfall and longer drought periods, are expecoteidteract with fire primarily though an
increase in fire-weather risk, with the number efywhigh or extreme fire danger days
projected to increase significantly in the next ¥8@rs (Flannigaet al.2009; Hennessgt

al. 2007). Predictions are that climate change wstdo a general increase in area burned
and fire occurrence (however there will be somasmith no change and some areas with

decreases) and longer fire seasons for temperdtbaral regions. Changes in fire
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intensity and severity in the future are diffictdtpredict and this area needs further
research. Overall, it is expected that global dicavity will continue to increase as a

consequence of climate change (Flannigiaal.2009).

In Australia climate change may lead to complicadiof future fire management and
prescribed burning. A report by CSIRO predicted thiéne average summer temperature
increases in south-eastern Australia, the frequehggry high and extreme fire danger
days will increase by 4-25% by 2020 and by 15-7322@60 (Hennessgt al.2007).
Changes such as these are likely to be greatast@as such as savannas that are the most
fire-prone biomes. Many flora and fauna speciah@se ecosystems will be vulnerable to
extensive and frequent fires, especially faunahlase small home ranges and are
relatively immobile and longer-lived obligate seeflera species (Yatest al.2008). Ideal
conditions/seasons for prescribed burning may ladsmme restricted due to weather
conditions that pose higher wildfire risk in spriagd autumn (Hennessy al.2007).

More frequent, high intensity, large scale firesaaesult of climate change, will have
implications for the biodiversity of the GSS stuahea. Firstly, th&anksiawoodland of

the GSS study area are generally adapted to firedit et al. 1998). In one GSS study
area speciefanksia prionotesadults are killed by fire, but fire stimulates se¢al
germinate. This type of life history strategy isuight to be particularly vulnerable to
frequent, widespread fire events, as seed regemeraty be insufficient to replace adults
lost in the fire if the canopy seed bank has ndtficient time to recover from previous
fire (Woolleret al.2002). Woollert al. (2002) go on to suggest this will be particularly
true when fires are widespread, siBanksiashave limited dispersal potential. In the GSS
study area, there are several species that alelleot by fire, but instead resprout from the
original plant, such aB. attenuataB. grandis B. ilicifolia, B. littoralis, B. menziesii
(Enrightet al.1998). In these species adult trees can sometsares/e low to medium
intensity fire due to their thick bark, and regexterfrom lignotubers, which resprout
following fire. Enrightet al. (1998) suggest that too frequent fires can s#lit in the

local extinction of these species that resproutaba much slower rate than species where
adults are killed by fire. If climate change coralis increase the frequency of fires,
regenerating species, suchBagprionotesare likely to be most at risk of decline.
However, if fires become extremely frequent andierintensity of fires occurring is

severe, other species, such as resprouters, wilhlieely to recover.
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A number of studies also indicate that frequentiespread, and/or severe fires will impact
on priority fauna in the GSS study area. For exampllowing a major summer fire in
1985, which was followed by a series of other miivas, the population size of a number
of bird species, including the splendid fairy w{dalurus splendenswestern thornbill
(Acanthiza inornatpand scarlet robinRetroica multicoloy declined (Brooker 1998).
Population declines were observed for eight yefies fire and resulted in temporary
cessation of breeding in western thornbiRsdnthiza inornatpand increased nest
predation and parasitism in splendid fairy wreMsl(rus splendensCapture rates of the
honey possumiliarsipes rostratusalso decline markedly after fire, typically remiaig

low for more than five years post fire, with maximabundances recorded 20-30 years
post-fire (Everaardt 2003).

Fire and Predators

Predation of native mammals by foxes is considevdzk the main factor currently
contributing to the decline and local extinctiorm@immal species on the Swan Coastal
Plain (Johnson and Isaac 2009; Kitchegieal. 1978; Reaveley 2009).

Although foxes have been recorded regularly in éasurveys on the northern Swan
Coastal Plain (Kitcheneat al. 1978; Valentineet al.2009b) and observed by DEC Swan
Coastal District staff (Reavelat al.2009) as yet, there is no coordinated baiting fanog
within the GSS study area except for Whiteman Rdr&re a fox control program has
been carried out since 1990.

Introduced predators affect species through dpeatation, which can keep prey in a
‘predator pit’ of low abundance (Peehal.1992), in which either the predation alone may
cause extinction (over-harvesting), or other caasekinteractions exacerbate the predation
effect. Direct predation may also lead to changébe habitat use of prey species, so that
species become confined to refugia where the dhitijeof dense vegetation and food
provide some degree of protection and resiliender(#&aret al. 1988). These areas are not
necessarily typical of a species’ habitat requinetsidut provide protection from predators.
For example, in the GSS study alsaodon obesulugjuenda) is restricted to dense wetland-

associated vegetation, although it occupies upthetiitat in areas where predators have been
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suppressed (Bamford and Bamford 1994; Valergtra.2009b). Populations of quenda and
Macropus irmalbrush wallaby) within Whiteman Park have bothr@ased in number since

fox baiting commenced (C Rafferty pers.com. 2009).

Inappropriate fire regimes are likely to incredse impacts of fox predation on the GGS as a
result of the removal of dense wetland-associagggktation which currently provides some

degree of protection and resilience to species avfter baiting is currently not in place.

Weeds and fire

The interaction of pest plants with fire and theffiect on fire regimes, particularly fire
intensity and frequencyas been the subject of considerable s{@igokset al.2004;
D'Antonio 2000; D'Antonio and Vitousek 1992). Pplsints affect fire regimes by
invading an area and substantially modifying vetjgtastructure and composition, which
can affect the intensity and/or frequency of a firevineet al.2003). For example, the
grass—fire cycle occurs when an introduced grassiepinvades a shrubby habitat, alters
the vegetation structure and creates a continugied that can lead to an increase in
fire frequency, and subsequently result in the eosion of shrublands to grasslands
(D'Antonio and Vitousek 1992). In addition, intraxbal grass species may increase fuel
loads and may contain more combustible elementsribtive species. These two factors
subsequently alter fire intensity (Grice 2004; et al.2003).

Invasion of post-fire vegetation by herbaceous pksits has been identified as a threat to
the conservation of south-west Western Australianteaceae species (Lamattal.

1995). Intense fire can open areas of vegetatidrcegate a rich ash bed, allowing
invasive pest plants with competitive advantagesypadly establish with, or instead of,
native vegetation. Fragmented and remnant areaativke vegetation are particularly
susceptible to pest plant invasion following fioften leading to a loss in native
vegetation. Milburg and Lamont (1995) documentegditivasion of remnant sclerophyli
woodland vegetation by exotic species after firé fmund that the number of pest plant
species, as well as their frequency and covereasad after fire, whilst the abundance of
native species decreased. The most abundant p@stsplecies are perennial grasses
Eragrostis curvulaandEhrharta calycina It has been suggested that their abundance

Impacts of Fire on Biodiversity 74



Gnangara Sustainability Strategy — Biodiversity &¢p

increases the susceptibility to fire of the vegetatommunity, since grasses are normally
an insignificant component of sclerophyll vegetat{ilberg and Lamont 1995).

On the GGS the invasion of weeds is a major confodiowing the removal of pine
plantations and the implementation of 9000 hectafesological linkages, as
recommended under the GSS (Government of Westestraia 2009a). Thirty species
have been identified as high priorities for managentiKeighery and Bettink 2008) and
these have been prioritised for their invasivenassial and potential distribution, trends,
classification or rating and ecological impactdl & the species satisfy one or more
ecological impact attribute criteria, based ontRdaal. (2005). These criteria range from
altered fire regimes, altered nutrient conditiand altered hydrological patterts,|oss of
biodiversity and allelopathic effects. Taxa sashveldt graskhrharta calycinaare
already present in major sites of infestation istppine areas. These weeds may have
major implications for the implementation of ecatm] fire regimes in the future.

Interaction of fire and impact d?hytophthora cinnamomi

on flora and fauna

Phytophthora cinnamonis listed as one of the world’s 100 most devasgaithvading
species by the IUCN Species Survival CommissiorhilCat al.2008). The plant
pathogen has been shown to alter plant specieslabae and richness, as well as the
structure of vegetation in sclerophyllous vegetatiroughout Australia (McDougadt al.
2002; Podger and Brown 1989; Sheatal.2007a; Weste 1974; Westeal.2002). The
lethal epidemic oPhytophthorddieback’ has been identified as a ‘key threatgnin
process’ in the Australian environment (Environmeastralia 2009; O'Garat al.2005).
P. cinnamomis widely distributed irBanksiawoodlands of the Swan Coastal Plain
(Podger 1968; Shearer 1994). Common species sigéinksia attenuatandB. grandis
reach 50% mortality in 7 to 12 years, whereas nitytates for declared rare flora were
much more rapid, with local extinction of most bétassessed declared rare flora
occurringin < 3 years (Shearet al.2007). P. cinnamominfestation also caused
significant changes in ground and canopy coverandiands where the ground cover

(40%) in old infested areas was reduced compart#dasjoining healthy vegetation (68%)
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and canopy cover was reduced from 48% in healtt®p% in old diseased areas (Shearer
et al.2007).

The first evidence d?P. cinnamominfestation in the GSS study area was observed in
Banksiawoodlands from aerial photographs taken in thed$94nd more than 50% of the
area had been destroyed 35 years later.

Analyses of the occurrence and distribution ofghthogen on the study area in 2009
established that 20,747 ha (10 %) of the aredested withP. cinnamomand that the
pathogen occurs across all land uses, ranging $roall urban remnants to large areas in
the conservation estate (Wilsehal.2009). Ninety-four percent of the infested arearis
the Bassendean Dune system with only minor aredlseo8pearwood system and Pinjarra
Plain. Remote sensing using Landsat data, capélbistinguishingP. cinnamomi

affected areas, was employed to assess impactsgatation cover with time using

vegetation trend analysis.

Information on the susceptibility of plant spedie®. cinnamomivas available for only
240 of the 1337 species that are known to occtharGSS study area, and 53% of these
species have been recorded as displaying a leseisaiptibility to the pathogen, or to the
indirect effects it has on plant communities (Wil al.2009). Eight of the ten
threatened ecological communities located in th& Giady area were identified as having
species susceptible Ba cinnamomiFour were ranked as high risk, one at moderate risk
and five as low risk oP. cinnamomimpacts. Results of field assessments of the itspac
of P. cinnamomon flora and fauna found that plant species risbrad canopy cover are
lower in infested sites compared to uninfestedtagdiand that bird species richness is
lower in infested habitats (Davis 2009a; Swinbetml.2009).

Severe alterations to understorey species composidverstorey canopy structure and
fauna are likely to significantly impact on the e&gtion community’s capacity to recover
or undergo secondary succession. The implicationBré regime impacts on these
damaged communities on the GGS are unclear. Bsd&en shown to influence survival
and dispersal d?. cinnamomi o the south coast WA (Moore 2005). The occurraice
fire also compounded the pressure on post-firdokskement of some species (Moore
2005).
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Refugia for increasing adaptive capacity and resiknce

For many declining and priority species and comiesion the GGS that are threatened
by inappropriate fire regimes, access to suitasfiggia may be necessary for their
survival. Providing key refuge sites can buffee@ps from the impacts of fire regimes.
This approach has also been identified as beirgnéakas climate change progresses
(Isaacet al.2008). Generally there is a need to obtain atgresderstanding of the
microhabitat buffering potential of natural refugesl such information is lacking for most
GSS species and communities. However species anohgoities for which refugia do

now or may play a critical role in their survivaktiude:
Western Swamp Tortoise

Only one viable natural population survives at EBrook Nature Reserve with two other
locations, Twin Swamps and Mogumber Reserve papuaksbeing maintained with
translocated individuals (Burbidge and Kuchling 2D0The reserves are critical refugia
for this species and are highly managed -theyearedd and subject to predator control

and fire control.

A key factor affecting the survival of adult todes is finding suitable aestivation sites
during the summer. Natural aestivation sites wiaom site to site, from naturally

occurring holes in clay, to sites under leaf litteiin fallen logs. Mortalities occur during
the aestivation period from fox predation, raveacks, rat attacks and desiccation and fire
(Burbidgeet al.2008). Research suggests mortalities are lowdsttoises aestivating in
underground aestivation sites, both in terms @fage from predators and from heat and
drying. Preliminary studies of the use of artifi@astivating tunnels, installed to promote
underground aestivation, suggest that these cdagbitortoises at least from fire, and

probably also from heat and predators.

Southern Brown bandiccot (Isoodon obesulus) Quenda

On the GGS Southern Brown bandicdsbpdon obesulyr Quenda were typically
found in moist low-lying areas with dense mid-syovegetation (Valentinet al.2009b).
Similarly, studies at Whiteman Park have indicdtet quenda are persisting in the dense

mid-storey level heath associated with wetlandsr(iBad and Bamford 1994). Indeed,
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when fox baiting was introduced at Whiteman Patergla both increased in number and
began using upland areas as the threat of predditiminished (Bamford and Bamford
1994). In our study (Valentinet al.2009b), quenda were only observed in high dessitie
at Twin Swamps Nature Reserves which is both femoedbaited for protection of the
Critically endangered Western Swamp Tortoise. Tifisrmation indicates that

suppression of quenda populations is likely from oedation in unbaited habitat. In

other parts of their range where baiting occurshsas the jarrah forest on the Darling
Scarp, quenda inhabit a variety of habitats inelgdipen woodland and upland areas. Itis
considered that quenda may be favouring the derlanvd-associated vegetation habitat
type to a greater extent because of the preserfoaed. Hence, the persistence of quenda
in unbaited areas in the GSS study area is straegignt on dense wetland-associated
vegetation. It is recommended that sites knowlbetamportant for quenda are protected as
designated refugia from further loss or modificatand frequent fire. Wetland sites are
likely to be particularly high quality sites whiegtill offer protection.

Honey Possum

Honey possumsTl@arsipes rostratuyswere more abundant in older sites, with peaks in
relative abundance at sites 20 — 26 YSLF (Figuf& Xalentineet al.2009b). Although
honey possums are known to return to burnt aretgn\2 — 4 years since fire (Bamford
1986; Everaardt 2003; Richardson and Wooller 199tjher densities are typically
recorded in older vegetation, with peaks in abundan vegetation 20 — 30 years since last
burnt (Bradshavet al.2007; Everaardt 2003). Our results were very simwith low
abundance in recently burnt sites (< 7 YSLF), fold by an increase in abundance as
time since fire increased (Valentieéal.2009b). Honey possums are dependent on nectar
and pollen, particularly from plants of the Protsae, Myrtaceae and Epacridaceae
families (Woolleret al. 1984). Capture rates of honey possums are cltinkbd to food
sources (Bradshaet al.2007) and have been correlated with the densifilewers and

the flowering periods dBanksia (Everaardt 2003). Hence, the impact of fire ondyo
possums will be related to the post-fire respow$éarget food species (Bradshatval.
2007). Based on this information burning regimeschto ensure retention of long-unburnt
vegetation for this species. Fire management gjoekefor honey possums have been
developed by DEC Fire Management Services (Firedgament Guidelines No S2,

2008). Itis recommended that honey possum digtab maps (where available) be
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consulted and that prescribed fire should concentra frequency, the intervals between
successive fires and scale as important factoréospecies. They should aim to produce
a mosaic of recently burnt and long unburnt vegataand limit mortality of mature age
food plants. It is recommended that sites knowbetamportant for honey possum
distribution and habitat on the GGS are protectedesignated refugia from further loss or

modification and frequent fire.

Development of ecological burning regimes for GGS

Development of fire regimes that are optimal fardiversity conservation is one of the
major challenges in current fire management througAustralia. The aim is to

determine fire regimes that are appropriate fovébgetation type and fire sensitive taxa.
The fire interval for each vegetation type andffama habitats needs to be determined by
the needs of the flora and fauna at risk from exitom from too frequent or too infrequent
burning. To determine appropriate fire intervéfs, attribute data is required for species

within different vegetation types.

Development of “Guidelines for ecological burnirgyimes for the GGS” has been based
on this current report summarizing the known impadtfire on biodiversity, vital
attributes and key fire response species, andpocating information on spatial fire
history analysis (Wilsoet al.2010). The report also incorporated a number e€iig
ecological management objectives identified ancetiged recently (Gnangara
Sustainability Fire Workshop 2010). The objectiidemntified were:

» Develop age-class distribution (percentage of jdealvegetation communities

and spatial mosaic

* Increase areas of long unburnt for vegetation andd communities

* Maintain refugia for significant species and wetlan

* Monitor age classes, refugia, flora and fauna

e Adopt an adaptive management approach
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Discussion

Impacts on biodiversity

Although fire is a major disturbance regime of @8S study area, and the impact of
inappropriate fire regimes has been identified sigaificant threat to biodiversity
conservation (DEC 2009), our understanding of tiygaicts on biodiversity on the area are
limited. The Draft Gnangara Sustainability Strgtegcommended that the optimum fire
regime that will maximise groundwater recharge,levmaintaining biodiversity values, be

implemented (Government of Western Australia 2009a)

The aims of this report were thus to review presioiormation on the role of fire in
ecological communities and the responses of biosiityeto fire on the Gnangara
groundwater system, and to review the resulte®fé¢cent fire projects carried out by
DEC GSS between July 2007 and June 2010. Thisnatoon would provide the
foundation to determine the optimal fire regimest thill maintain biodiversity values and
that are appropriate for vegetation type and #mesgive taxa. The fire interval for each
vegetation type and for fauna habitats needs tebermined by the needs of the flora and

fauna at risk from extinction from too frequenttoo infrequent burning.

Up until recently the information on the impactdicé on biodiversity on the Gnangara
groundwater system has been largely limited toistudn declared rare flora and
threatened ecological communities, and on faunaban fragments. There have been few
studies of the impacts of fire on frogs, reptilad amammals (Bamford and Roberts 2003).
The DEC GSS projects (2007-2020) included fieldlstsito examine patterns of floristic
diversity between sites with different fire ages)d to assess post-fire juvenile period of
plants (Mickleet al.2010b). Field studies to examine the response®since fire by
reptile, bird and mammal fauna (Davis 2009a; Vateret al.2009b) and food availability
from B. attenuataandB. menziesifor Carnaby’s Cockatoo in relationship to fireirag were
also undertaken (Valentiret al.2009b). A major aim of these studies was tordatee the
optimal fire regime for species and communitieslenGGS. Knowledge of fire responses
and sensitive species is vital to implement ecalalty based fire regimes to conserve

biodiversity.
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Development of ecological fire regimes has commdegn based on plants as they are the
first trophic level of terrestrial ecosystems (Bwvs 2008). Vital attributes such as
regeneration requirements, post-fire regeneratiaegjies, and juvenile periods are useful
criteria to determine minimum and maximum interdad$ween lethal fires to conserve
plant diversity (Burrowt al.2008). The plant vital attributes and criteri@diso select

key fire response species for the GGS includednie@eriod (greater than 48 months),
regeneration strategy (any species 100% killedreyrélying on seed for reproduction),
conservation status (DRF), endemism (GSS endeliféprm (from grasses to tall trees),
and longevity (annuals and perennials). A totdl®4 species were selected and ranked by
importance, and twenty nine of these were idemtifis the key fire response species. The
key plant species identified included the domirBamksia menziesandBanksia
attenuatawhose post-fire juvenile period on the GGS wasreged at 8 YSLF. Burrows
et al. (2008) defined the juvenile period as the timedileast 50% of a population of
plants to have flowered following fire. As the fiseed set will not necessarily be
sufficient to maintain a species’ abundance (Frieinal. 1999), Burrowset al. (2008)
suggested that the minimum fire interval be twita bf the juvenile period of the longest
maturing plant species. Arising from the inforratand data collected on juvenile period
and post-fire regeneration strategies on the G@&8anum fire interval of 8-16 years is
recommendedbr Banksiawoodlands and/lelaleuca This is based on twice the

maximum juvenile period of 4 to 5 years for keyd@pecies relying on seed storage for
reproduction and a maximum juvenile period of 8rgdar resprouting species (including
the dominanBanksiaspecies, see Table 3). A maximum interval of d@ry was
recommended and is a conservative estimate bastg avork of Enrighet al.(1998)
regarding the maximum age of Banksia species. eltesommendations are also
supported by information on the peak rate of ineecfarBanksia attenuatgopulations
which occurred for fire frequencies of 7- 20 yeavih a maximum rate of increase at 13
years for completely serotinuos populations (Erreghal. 1998). Further at very short

(< 5 years) and very long (> 45 years) fire int&y@opulations are predicted to decline to

extinction and degree of serotiny is irrelevant.

A number of adaptive management projects have beeertaken by the DEC Swan
Coastal District that have examined the burn respar several threatened ecological
communities and declared rare flora on the SwarstabRlain. These includBanksia

mimicg Caladenia huegeliiMelaleuca huegelii- Melaleuca systena shrublands on
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limestone ridgesommunity type 26a described by Gibsaral. (1994b);Macarthuria
keigheryi(fire response after a prescribed buRgrth to Gingin Ironstone Association,
Darwinia foetidaandGrevillea curviloba Fire management plans and recommendations
have been made and include; restricting fire tesmutside of vegetative and flowering
seasons, restricting fire frequencies that rediugew and seed banks, conducting burns to

promote flowering.

The DEC GSS project on the effects of year sineedn ground-dwelling vertebrates has
advanced our understanding of the impacts of fir¢he vertebrates and provided strong
evidence for post-fire seral responses of reptites mammals. A significant finding was
that overall reptile abundance, as well as the daoce of some specific species, was
higher in long unburnt sites. Burrowing snake gggedncluding the Priority listed

Neelaps calonotoand lizards such ddenetia greyiwere captured at sites of old fuel age.
This is likely to reflect a difference in resoueilability; vegetation and litter cover
between recently burnt and long unburnt sitescointrast several reptile species preferred
recently burnt sites, whilst others were most alamb¢h intermediate fuel age sites. The
evidence of post-fire seral responses for reppitesides strong support for maintenance
of a diverse range of post-fire aged habitat iniclgaetention of long-unburrBanksiaand

Melaleucathat are important to species suclNaglaps calonotuandMenetia greyii.

Few mammals were trapped, but the response tdipmsage of those that were captured
was clear. While the introducédius musculusvas more abundant in recently burnt sites,
Tarsipes rostratughoney possums) had low abundance in recentlytisites (< 7 YSLB),
with a peak in relative abundance at sites 20 ¥QBB. These results were similar to
previous studies in more southern populations whigjieer densities are recorded in older
vegetation 20 — 30 YSLB (Bradshatal.2007; Everaardt 2003). Capture rates of honey
possums are closely linked to food sources (Bragigtal.2007) and have been
correlated with the densities of flowers and tlosvitring periods oBanksia (Everaardt
2003). Hence, the impact of fire on honey possuitide related to the post-fire
responses of target food species (Bradséiaal.2007). Based on this information burning
regimes need to ensure retention of long-unburgétagion for this species. Distribution

maps for the species are available for the GGStegevith fuel age data.
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Fire management guidelines for honey possums hese teeveloped by DEC Fire
Management Services (Fire Management GuidelineS2@008). It is recommended
that honey possum distribution maps (where avai)dix® consulted and that prescribed
fire should concentrate on frequency and scalengsitant factors for the species. They
should aim to produce a mosaic of recently burdtlang unburnt vegetation and limit
mortality of mature age food plants. The inforroatobtained from the GSS studies

provides a strong basis for development of an goodd burning regime for this species.

Although we obtained minimal data in our trappingveys for species such as quenda
(Isoodon obesulysrakali(Hydromys chrysogasteand bush rat our observations provide
support for preferred fire regimes on the GGS. rigag(Priority 4 species) were typically
found in moist low-lying areas with dense mid-sjovegetation and only found in high
densities at Twin Swamps Nature Reserves whichbtis fenced and fox baited for
protection of the critically endangered Western @&wa ortoise (Valentinet al.2009b).
Similarly, studies at Whiteman Park found that gigepersist in the dense mid-storey level
heath associated with wetlands, and only increasadmber and use of upland areas
after fox baiting (Bamford and Bamford 1994). &mrah forest of the Darling Range
where baiting occurs quenda inhabit a range oftathincluding open woodland and
upland areas. It is possible that on the GGS cuemaly be favouring the dense wetland-
associated vegetation habitat type to a greatenekecause of the presence of foxes and
lack of baiting. Hence, the persistence of quandmbaited areas on the GGS is strongly
reliant on dense wetland-associated vegetatioredas this information burning regimes

need to ensure retention of long-unburnt wetlarsbeiated vegetation for this species.

Substantial populations éfydromys chrysogastéRakali), a Priority 4 species, were
found at Lake Goolellal and Loch McNess. The stalvof rakali is critically linked to the
persistence of wetland eco-systems and loss octiedun size and quality of wetland
areas would affect the availability of terresthabitat and food resource such as large
aquatic insects, fishes, crustaceans, mussels, fimgrds, water birds and tortoises (Olsen
2008; Woollardet al.1978). Loch McNess which is located within YangiNational Park
has a high frequency of fires (Sonneman and Kuéh8)2 The lake also has few islands
that could provide fire free habitat for water rafhis information would support the
provision of burning regimes to ensure retentiowefland-associated vegetation

particularly along lake edges and the banks far species.
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The mootit or bush rat were only located in wetlaaditat in the GGS fauna studies
(Valentineet al.2009). This appears consistent with other recordthe northern SCP
where bush rats appear to prefer mesic near-cdeatéhts that provide dense understorey
and ground cover, for example at Loch McNess armbastal dune swales in Yanchep
National Park. Based on this information burningimees need to ensure retention of long-

unburnt wetland-associated vegetation for thisiggealso.

For many declining and priority species and comiesion the GGS that are threatened
by inappropriate fire regimes, access to suitadfiegia, particularly of long unburnt
vegetation, may be necessary for their survivabviding key refuge sites can buffer
species from the impacts of fire regimes. This apph has also been identified as being
be essential as climate change progresses (@a&@2008). One species for which
refugia now plays a critical role in its survivalthe western swamp tortoise
(Pseudemydura umbrihavhich is listed nationally under the EPBC Act 99 critically
endangered. Only one viable population survivdsllah Brook Nature Reserve with two
other locations, Twin Swamps and Mogumber Reseopeilations being maintained with
translocated individuals (Burbidge and Kuchling 2D0The reserves are critical refugia
for this species and are highly managed -theyemeeld and subject to predator and fire

control.

Information obtained for the honey possum includirgjribution maps, fuel age data and
the need to ensure retention of long-unburnt veéigetanay provide the basis for
identifying refugia for this species. It is recommded that sites known to be important for
the species are designated as refugia and proteotadurther loss or modification and
frequent fire. Further important work needs talbee to identify appropriate scale of

burning around such refugia for provision of linkag

Information obtained for species such as quendalirand bush rat provide support for
the need to ensure retention of long-unburnt wdtiassociated vegetation for these
species on the GGS. It is recommended that sitewhk to be important for the species
are designated as refugia and protected from fultise or modification and frequent fire.
Wetlands with high vegetation cover which offerstpction would be particularly good

guality sites suitable for refugia.
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A range of wetland vegetation is likely to be sfgraintly impacted by inappropriate fire
regimes including major complexes suchlgpha-Baumea, Melaleuca rhaphiophylia,
Melaleuca preissiana, Melaleuca viminea, Eucalyptidis, Juncus kraussi,
Lepidosperma longitudinale, Casuarina obesa (Horwt al. 2009andthreatened
ecological communities such aBanksia attenuatavoodland over species-rich dense
shrubland,Aquatic root mat community of Yanchep Caves, comitresof tumulus
springs (organic mound springg/oodlands over sedgelands in Holocene dune swales.
Aquatic invertebrates are also at high risk frora fimpacts including rare and endemic
invertebrate taxa associated with rare wetlandsygoeh as cave streams and mound
springs with characteristic stygofaunal assemblagsguishable from the unconfined
aquifer (Horwitzet al.2009; Sommeet al.2008). Wetland birds are also at risk from fire
regimes. Approximately 172 bird species have veearded on the Gnangara
groundwater system (Bamford and Bamford 2003). Al@%o of these are land bird
species that use vegetation around wetlands, 5%agrants or introduced, and of the
remainder, around half of the species are watesbiitlis recommended that sites known
to be important for these species and communitiggh (priority wetlands) are designated

as refugia and protected from further loss or modlifon and frequent fire.

Other potential consequences of fire on wetlandsveater quality have interrelated effects
and trophic consequences, particularly when corsitimgether with the direct effects of
the fire on wetland biota described above (Honaitd Sommer 2005). They include;
catchment effectsperating through the processes of runoff and deépoeshat can result

in elevated base cations, increased alkalinityatél nutrient concentration, and sediment
input, atmospheric effecthat include the return to the ground via raimligsolved
volatilised reactive and particulate compounds kfzate a mildly acidifying and/or
fertilising effect in wetlands; and rehydrationkafrnt or overheated (organic) soils can
have either alkaline consequences, in which casagh can act to fertilise and increase
productivity in the short term, or it can have a&cicbnsequences where acid sulfate soils
are oxidised, in which case the effects are theesasrdescribed above for acidification.
Designation of refugia and protection from frequienet would result in prevention or

protection from these degradation processes.
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The GSS study area is an important foraging areagithe non-breeding season for the
Critically Endangered Carnaby’s Cockatoo. Majoed#tening processes include habitat
fragmentation and the removal of critical feedirgaurces (Cale 2003). The productivity
of key Banksia speciddanksia menziesiandBanksiaattenuatain relationship with fire
age was investigated in order to assess food &i#ydor Carnaby’s (Valentine 2010;
Valentineet al.in prep.). These studies have advanced our uahelisig of the impacts of
fire on these key species and food availabilitign&icantly different numbers of
Carnaby’s could be supported in different fire-agiegories oB. attenuatawith the
lowest in the 0-5 YSLF and the > 30 YSLF categoraesl the highest in the 6-10, 11-19
and 20-30 YSLF(Valentine 2010). HBr menziesiihere was a very strong trend for
higher number of Carnaby’s to be supported in >30LF categories. Thus combined
(B. attenuataandB. menziesii)here was a significant difference in the numbérs o
Carnaby’s supported by different fire-age categpiiee lowest was in the 0-5 YSLF
category and the highest in the 20-30 YSLF. Thalmers of Carnaby’s supported was
also high in the 6-10, 11-19 YSLF categories (Vaien2010). To maximise food
availability for Carnaby’s it is recommended thatting regimes are developed to
increase or maximise the areaBahksiawoodlands in the 6-10, 11-19 20-30 YSLF.
This will be particularly important as 22,000 hgpafies plantations that currently supply
food for Carnaby’s are removed as a major recomuatedunder the GSS by 2028
(Government of Western Australia 2009a).

Development of ecological fire regimes

There is a need to develop ecologically appropfiederegimes in the GSS study area that are
based on sound, evidence-based rationale for habgairements for flora and fauna,
minimum and maximum fire return intervals. Detaration of fire regimes based on flora
involves identification of the vital attributes plant species in each community and
subsequently ‘key fire response species’ for eachnounity Having now identified the key
species over the GGS it is possible to determiadithe interval between fires required to
conserve species, i.e. the maximum and minimunmniake between lethal fires (Bradstoek

al. 1996; Friend 1999; Gill and McCarthy 1998; Tolhur899).

Fire mosaic patterns based on theoretically demesghtive exponential distributions of

vegetation/fuel age classes across an ecologitaivegetation complex, habitat type or
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landscape unit) have been employed to develop gicaldire regimes (Fire Ecology

Working Group 2002; 2004; McCarthy 2000; Tolhurd99; 2000; Wouterst al.2000).

There is now a need to develop ecologically appatgfire regimes in the GSS study area

that ensures that there will be a fuel age frequelnstribution that approaches the theoretical
distribution and estimate the proportion of langeceequired in various fuel age classes /

seral stages. The negative exponential functionbesaromatised by the GGS key fire
response species attributes (e.g. juvenile peloogievity of fire sensitive species) to set
minimum and maximum fire intervals. The actual digtribution of the vegetation (e.g.
BanksiawoodlandsMelaleucg or landscape unit (GGS) can then be compardukto t
theoretical age distribution to identify age claseeer or underrepresented. These can then be

assessed for burning if over represented, or exclusunderrepresented.

Another approach to determine ecological fire rexgns to use growth stages, in preference to
age class distributions, and the known or predictationships between fauna and habitat
growth stages (G. Frienzers. comn). This involves identification dfabitat parameters

(such as % cover of understorey, canopy, litteenoground, coarse woody debris, trees —
various diameters at breast height, shrub composgic.) associated with the different post
fire stages of different vegetation types that lcatinked with post fire stages and estimated
fauna fire response curves (MacHurgeral.2009; McElhinnyet al.2006).

In order to compile information on the burning bistand actual age class distribution in the
GSS study area, it is necessary to assess firedney area, fire interval and distribution
based on DEC fire records and analyses of Landsegery. As part of the GSS fire projects
this has been addressedSpatial fire history analysis in the GSS studyagf@onneman and
Kuehs 2010). Further the theoretical frequencyrithstion of different vegetation complexes
and landscape units have been calculated and cethfiathe actual age distribution to
identify age classes over or underrepresent&lidelines for ecological burning regimes for
the Gnangara Groundwater Systédilson et al. 2010). Options for the spatial of

arrangement and scale of the various burn pateatetsfes are also discussed.

Determination of fire regimes based on fauna ingsldentification of the vital attributes of
species in each community and subsequently ‘keyréisponse species’ for each community.
The ‘key fire response fauna species’ on the GGl he be identified also. However

significant differences in the response of aninbalsre need to be accommodated (Bradstock
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et al. 2005; Clarke 2008). In contrast to plants, angaae mobile and the spatial components
of their habitats and fire responses need to lesasd more closely. The maintenance of the
metapopulation dynamics of fauna species in fineaoted landscapes is important. This
involves the provision of structural and functionahnectivity in seral habitat networks that

preserve dispersal for metapopulations.

The GSS studies have identified that the dependefifeeina species on fire mediated habitat
heterogeneity is variable and dependent on spbf@dsistory traits, dispersal and territory
sizes. There is however little information on #hésctors or the sizes, shapes, age structure or
configurations of suitable habité&dr fauna in relationship to fire dynamics and finesaics.
However based on the current knowledge of fire ictgpan fauna in the GGS some general
recommendations on spatial aspects of ecologieatdigimes can be made. Fire regimes on
the GGS need to ensure the retention of long-unii@anksiawoodland important to species
such as honey possum, some reptiles and birdgpchabitat features including litter and food
sources. They should ensure the retention andgtianteof long-unburnt wetland-associated
vegetation known to be important for fauna spees. rakali, Bush rats, Quenda) as
designated as refugia. Regimes need to incorpspatttal aspects of fauna species
distribution, habitat and home ranges to develgp@wiate scale of burning around refugia,
and for provision of linkages. There is thus a nieedurther work to be undertaken to
incorporate spatial aspects of fire sensitive fadis&ribution, habitat and home ranges in fire

regimes.

Determining the options for the scale and spafiara@angement of the various fuel ages for
fauna is very complex subject, about which we Hatle information. It is recommended that
aspects be implemented in an adaptive managenaenéfork. These issues are assessed
further inGuidelines for ecological burning regimes for theaBgara Groundwater System
(Wilson et al. 2010).
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Factors that increase impacts of inappropriate fagimes

In Australia climate change may lead to complicadiof future fire management and
prescribed burning. The frequency of very high arleme fire danger days are predicted
to increase by 4-25% by 2020 and by 15-70% by ZBedness\et al.2007). Ideal
conditions/seasons for prescribed burning may la¢emme restricted due to weather

conditions that pose higher wildfire risk in spriagd autumn (Hennessy al.2007).

More frequent, high intensity, large scale firesaaesult of climate change, will have
implications for the biodiversity of the GSS stualga. Species such Banksia prionotes,
whereadults are killed by fire, but fire stimulates se¢ol germinate, are thought to be
particularly vulnerable to frequent, widespread Bvents (Woolleet al.2002). This is
related to the fact that seed regeneration mapdadficient to replace adults lost in the fire
if the canopy seed bank has not had sufficient tamecover from previous fire, and that
they have limited dispersal potential (Woolkral.2002). Species that are not killed by
fire, but instead resprout from the original plauch a8. attenuataB. grandis B.
ilicifolia, B. littoralis, B. menziesican sometimes survive low to medium intensity. fire
Enrightet al. (1998) suggest that too frequent fires can &#litt in the local extinction of
these species, but at a much slower rate thanespetiere adults are killed by fire.

Frequent, widespread, and or severe fires areyliketeverely impact many fauna species
in the GSS study area, for example, the honey pogarsipes rostratus the splendid
fairy wren Malurus splendenswestern thornbillAcanthiza inornatpand scarlet robin
(Petroica multicoloy and Western Swamp Tortoise. There is a needtardae the

extent of such impacts under different climate geascenarios.

Other impacts that threaten to further increasentipact of inappropriate fire regimes on
biodiversity on the GGS such as predators, weedshanplant pathogen &f. cinnamomi
need to be assessed. The impacts of fox predatiohe GGS are likely to compound the
impacts of inappropriate fire regimes as a redulhe removal of dense wetland-
associated vegetation which currently provides sdeggee of protection and resilience to
species such as Quenda and Rakali where fox bastitigrently not in place. The
invasion of weeds is a major concern following te&eoval of pine plantations and the

implementation of 9000 hectares of ecological lg¢s as recommended under the GSS
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(Government of Western Australia 2009a). Thirtg@ps have been identified as high
priorities for management (Keighery and Bettink 00Taxa such as veldt grdskrharta
calycinaare already present in major sites of infestatiopast- pine areas. These weeds
have major implications for the implementation cbkegical fire regimes in the future as
they can increase fire intensity. Approximately72¥ ha (10 %) of the GGS area is
infested withP. cinnamomcasing severe alterations to understorey specrapasition,
overstorey canopy structure and fauna that aréyltkesignificantly impact the vegetation
community’s capacity to recover or undergo secondaccession. The implications for
fire regime impacts on these damaged communitigh®@@&GS are unclear, but likely to
compound the pressure on post-fire establishmesp@&ties and communities.
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Recommendations

In order to develop ecologically appropriate fiegimes in the GSS study area, it is
recommended ecological burning regimes are devdlty:

e incorporate the impacts and data presented inmdpurt

* are based on a minimum fire interval of 8-16 yéawsce juvenile period) and a

maximum interval of 40 years f@&anksiawoodlands an#/lelaleuca

e ensure that there will be different fire ages owere in the long term, and a fuel age

frequency distribution that approaches the thecaktistribution
e are based on habitat requirements for flora anddau

e ensure retention of long-unburBanksiawoodland important to species such as honey
possum, some reptiles and birds, due to habitaures including litter and food

sources

* ensure retention and protection of long-unburntlamek-associated vegetation known

to be important for species as designated as fugi

* incorporate spatial aspects of fauna distributf@bitat and home ranges for example
for Honey possum to identify appropriate scale ofning around refugia and for

provision of linkages

» are based on the productivity Banksia menziesiand Banksiaattenuatafor food
availability for Carnaby’s Cockatoo and maintaie thmount of habitat in the 20-30
YSLB and increase the amount of habitat in the QI¥$LB, particularly in light of

the removal of pine plantations over the next 1&ye

* develop an extensive and suitable adaptive manageframework to monitor the
impacts of ecological fire regimes across the laads that can be used to evaluate any

changes in condition and progress towards ecolbfjieamanagement objectives

As part of the GSS fire projects some of thesermeuendations have been addressed in
Guidelines for ecological burning regimes for thead@gara Groundwater Systefwilson
et al. 2010).
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In order to compile information on the past burnimgfory in the GSS study area, it is

recommended that:

e assessments of fire frequency area, fire intemdldistribution based on DEC fire

records and analyses of Landsat imagery are coeaplet

» the theoretical frequency distribution of differeigetation complexes is calculated in

order to assess the ecological aspect of the duiremegimes; and

» reviews of DEC fire management operations are cetag| including: the fire

planning framework; conditions such as weatherithagct fire management

As part of the GSS fire projects some of thesememendations have been addressed in
Spatial fire history analysis in the GSS studyaaf@onneman and Kuehs 2010) &ire
management operations on the GSS study @vedler 2010).

Additional recommendations are that:

additional botanical work be undertaken to deteenirvenile flowering periods for

more of the plant species on the GGS

» the implications for fire regimes following the tepement of pine plantations with
strategic ecological linkages and a parkland (me@goommendations of GSS) be

assessed
* monitoring of fauna post-wildfire (e.g. Yanchep)dmntinued

» work be undertaken to predict changes to wildfird ire management under

future climate scenarios over the next 40 years

« work be undertaken to incorporate spatial aspedtsfire sensitive fauna

distribution, habitat and home ranges in fire rezgm
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Appendix 1. Flora Key Fire Response Species

List of 184 flora species selected from a list obwn GSS species (Mickkt al.2010a; Mickleet al. 2009) supplemented with data from the
Vegetation Species List and Response Database(DBE&b? The list includes all species with suffi¢cierformation on one or more vital
attributes used to select the key fire responseiaperlhe vital attributes used in selecting podtRey fire response species included juvenile
period, regeneration strategy (from Table 1), eovetion status, endemism, lifeform (a range afctiral components from grasses to tall

trees), and longevity (where known).

1 GSS data from florsitic survey (Mickét al.2009) and chronosequence study (Micdal.2010a)

2 Vegetation Species List and Response Databasé gDES8b)

3 Conservation status: Declared Rare Flora, Pyifiota (Valentineet a