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Abstract

1. Growth-stage optimisation (GSO) offers a new approach to biodiversity consenmtifire-prone
regions by/ estimatingthe optimal distribution of vegetation growth stages that maximise a species
diversity index. This optimal growtktage structure provides managers an operational goal explicitly

linked to apositive conservation outcome but does not define the fire esg@aded to achieve it.

2. We paired®GSO with LANDIS II, a landscape succession and disturbance gimutatdel, to(i)
estmatethe.optimal growtkstage structure that maximised vegetation diversity irughseast Australian
heathy woodlandji) define the fire regime needed to achieve it, &iidl determine the cumulative effects
of different fireregime scenarios on vegetation diversity over &0 period. Scenarios included 0, 2, 5
and 10%rof:the landscape burnt per year by prescribed fiye@nin combination with three alternative
wildfire regimes. Furthermore,we investigated the differences in the optimal gresiige structure

relating to.aboveyround, soikeedbankand total (above and saiedbankdiversity data sets.

3.The growh-stage structure that maximised total vegetation diversity comprised appeyiregen
proportions of all stages. In contrast, separately analysed-gbowed and soibeedbanklata resulted in

a greater proportion of younger and older grestdges, @spectively.

4. Scenariossincluding 5% prescribed burning per y@ith and without wildfire) resulted in diversity
values within_1.5% of the theoretical maximum value. Scenarios includingnd% Q26 prescribed fire
resulted’in diversity valueg - 12%and 1.5 5% lower than the maximum, respectivefgenarioswithout
prescribed:firescaused diversity to fall 300%. Trends across the 60 years showed that wildfire depressed
diversity_and subsequent prescribed fire drove recovery within 15. ydagdargest threat to vegetation

diversity wassthe absence of fire.

5. Synthesisgpand application€ombining growth-stage optimisatiorand simulation modelling is a
powerful way of defining a conservatichased fire management goal and identifying the prescribed fir
regime needed to achieve\le demonstrated that vegetation diversity in heathy woodland was irtrease

by prescribed fire, with and without the cumulative effect of wildfirel daclined sharply when fire was

This article is protected by copyright. All rights reserved
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excluded.Our method provides a flexible platform for developing ldegn fire management strategies
that seek to balance human safety and biodiversity consenattuding both plants and animals in GSO

will help land managers meet the needs of multiple taxa.

Introduction

Prescribed fire is an ecosystem management tool, predominantly used towddfiee risk to human
life and assets in firprone regiongMoritz et al. 2014) but also to manage habitats for hunting in
regions of low wildfire riskHarperet al. 2018) In addition to these traditional functions, prescribed fire
is increasingly used for broagtale biodiversity conservatidbriscoll et al. 2010) Species often show
preferences for the habitat attributes of diffeneegetation growth stages (categorical groupings of-time
sincefire (TSF)) (Haslemet al.2012) and, as a result, species diversity can be positively latecbwith
growth-stage 'diversityFuhlendorfet al. 2006; Cohnet al. 2015) Consequently, land managers often
apply fire to increase growdstage diversity, assuming this will have positive conservation outcomes
(Martin"&,Sapsis 1992; Parr & Andersen 200Bpwever the link between growtktage structure and
speciesqsdiversity can be difficult to detect due to the influence of otteere§iime components and
external environmental facto(®riscoll et al. 2010) making it unclear how best to apply fire to benefit

multiple species

Growth:stage/ optimisation (GSO) is a new method for incorporatingiv@cgity conservation into the
fire-managemenrplanningprocess. Numerical optimisation is applied to species’ abundance estimates
several pralefined growth stages to determine the structure (proportions of ae) that maximises
speciesi diversityDi Stefanocet al.2013) Although GSO provides a management goal explicitly linked to
a conservation outcome it does not define the fire regime needed to achieve this gddke$e this,
stochastic dynamic programmirfRichards, Possgham & Tizard 1999has been paired with GSO to
identify fire.management actions consistent with thenagitigrowthstage structuréKelly et al. 2015)
Despite its utility, this method is not spatiallypdicit and therefore does not consider the compleatial

fire and biodiversityelationshipsFurther, it does ndtackthetemporal and spatial dynamics of growth

stages and speds diversity in response to alternative fire regime

This article is protected by copyright. All rights reserved
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Landscapescale disturbance and successsgnulation models(Scheller et al. 2007; Gustafson &
Sturtevant 2013pffer an alternative approach to defining the fire regime needed to achiewitieepo
biodiversity outcome. They can simulate figven changes in growdstage structure and vegetation
diversity across a landscape as they are not constrained by linear-timeaonspatial relationships.
Despite this capability, disturbance and succession simulation modelsnbawset been used to
determine,the fire regime needed to achieve an optimal gistatje structure or track temporal changes

in species diversity from alternate fire regimes.

Modelling"¢éonservation outcomes associated with prescribeckfirmes alone is likely to be ineguate,

as both prescribed fire and wildfire occur in managed landscapes. ltigsiltitiowever, to quantify or
predict vegetation responses to the cumulative effects of determinigicriped fire and stochastic
wildfire  (Bradstock, Williams & Gill 2002) thus modelling conservation outcomes from fire
management rarely accounts for bdtitschke 2008) Landscapescale disturbance and succession
simulation madelling provides an ideal platform for predicting the ecological comszzsuef dernative
management strategies, such as prescribed fire, whilerifag in wildfire (Nitschkeet al. 2017) By
integrating optimisation and simulatiomodelling managers can dewg and compare management

scenarios to determine the strategy most likely to achievea@i®n objectives.

In southeast Australia, GSO is incorporated into finranagement policy because it has a strong
theoretical Jbasis, input data can be derivesingl a range of standard survey methods, and it
accommodates the needs of multiple spe@#Carthyet al. 2014) To date, the application of GSO to
vegetation has focussed on abgveund diversity(Di Stefanoet al. 2013) without includng soll
seedbanldiversity. In quasMediterranean ecosystems, aba@reund vegetation diversity may not be
representative of total vegetation diverdi@hick et al. 2018a) negative relationships between above
ground diversy and TSF have been report@dorrison & Cary 1995; Freestone, Wills &Rd 2015)
while variable(Wills & Read 2007)or weak positive relationsps (Chick et al. 2016) have been found
for sail seedbanldiversity. This contrast highlights the importance of considering thesseilibank

component.when developing fireanagement conservation goals.

We pairedGSOwith a landscapscale succession and disturbance simulation modédl. testablish an
optimal‘growthstage structure that maximises vegetation dive(altpveground and soeedbankin a
heathy woodland in souttast Australia, 2. define the fire regime needed to achieve this optimal growth
stage structure, and 3. determine the cumulative effects of alternatehgesand wildfire regimes on

vegetation diversity over a 8@ear period.

This article is protected by copyright. All rights reserved
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167 Materials and Methods
168  Study area

169 The study area is within the heathy woodlands of the Otway Ranges reflokml southwest of
170 Melbourne, i Victoria, southeast Australia (Fig. 1) where the climate isaa-Mediterraneastype
171 (Dodsong2001)with warm, dry summers, and mild, wet winters. The \egget is dry sclerophyll and
172 dominated by a short overstoreylwbwn stringybark Eucalyptus baxteriBenth.) Maiden & Blakely ex
173  J.M.Black.and a diverse heathy understorey comprising shrubs fierfamilies: Fabaceae, Ericaceae,
174  Myrtaceae, Proteaceae, Thymelaeaceae, Xanthorrhoeaceae and Dilleniaceae. Three discrete heathy
175  woodland distributions exist around the towns ofjlesea, Forrest, and Carlisle River (Fig. 1a).

176

177  Both wildfirésS)and prescréd fires occur in the study ardaescribed fires argenerallysmaller, patchier
178 and lessfintense than wildfirddcArthur 1966; Tolhurst 1999; Burrows & McCaw 2013)nlike
179  wildfires, prescribed fires infquently consume tree canopiasd often leavepatches ofunburnt
180  vegetationsin‘riparian areddradskyet al.2017, Fig. 2). In heathy woodland, wildfires occur every 20 to
181 100 yearstypically in spring or summe(Murphy et al. 2013) The last major wildfires occurred in the
182  Anglesearregion in 1983 and the Forrest and Carlisle River region8n $fce 1983, prescribed fires
183  (individaal burn blocks range in size from ~100 to ~1000 ha) haved#ied in all three study regions
184  to satisfy fuel reduction and ecological go@department of Primary Industries 2013his has resulted
185 in a heterogeneous fire histaapd adiversity of growth stages.

186

187  Sampling design

188  We usedifirehistory maps to stratify the landscap® four growth stages (Cheal 2010-3 years since

189 fire (juvenile); 410 years (young); EB4 years (mature); and >34 years (old). We established 71 sites
190 across the.range gfrowth stagse within each region (Table 1). Criteria for site selectivere: (1) a

191 heathywoodland patckr1 ha; and, (2) a slope of at least 5#ith a ridge >50 m from the road atttat

192 raninteraxgully. To validate the mapped growth stage of each sitagea at least 30 individuBlanksia

193 marginatas€av. shrubs using growth whorls (Jenkins, Morrison & Auld 200%n individuals were

194  sampled'within a 2@n radius of the three sampling points established along trandisctgssed below).

195

196  Vegetation sampling and seed germination

197 We estalished sampling transects extending between ~ 80 andnidfesfrom ridge to lower
198  slope/gully At each site, we counted all abegmund shrub, subhrub, and herbaceous species in six 3

199 x 3 m quadrats, two each at ridge, midpe (midway between ridgend gully) and loweslope/gully

This article is protected by copyright. All rights reserved
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200 locations At each topographic location, the two quadrats were established 1€snagiart along the
201  transec(Fig. 1b).
202

203  The soilseedbankvas sampled by extracting soil cores (6 cm diameter, 5 pithh)dgystematicallytal 3
204  positions within each quadrat (Fig. 1b), and tpenling samples withitopographidocations, resulting
205 in three composite samples per site. Cores sampled the top 5 cm soil layes,igisvtiere most seil
206  stored seexlarefound (Caroll & Ashton 1965; Pywell, Putwain & Webb 1997; Ma, Zhou & Du 2011)
207  Surface litter was included in the soil core as it can be a source of fresfEsegtit & Kintrup 2001)
208  The sampling'intensity and volume of soil per site (78 corefaciarea: 0.220 nvolume: 0.011 i)
209  was consistent with similar studig¢gnright & Kintrup 2001; Wills & Read 2007)Aboveground
210 sampling and core collection occurred in the austral autumn of 2014/15 (Masghto capture seeds
211  released in spring and summ@Enright & Kintrup 2001) Soil seedbank germination and species
212 identification followed the methods @hick et al. (2016)

213

214  Growth-stage optimisation

215  We calculated the growtstage structure that maximised vegetation species diversity using the method
216  described ifDi Stefanoet al.(2013) We used the geometric mean of species’ relative abundahes @

217  diversity=index because it represents abunda@mgemore effectively than other diversity indices

218 (Bucklandetwal. 2011) Data for each species were pooled across each transect by summing abundance
219  values from ridge, miglope, and gully positions. This was done separately for ajpmwnd and soil

220 seedbank data, and then for abgveund and soil seedbardata combined, resulting in three data

221 matrices.G cannot be calculated if abundance is zero (i.e. a species did not occur in agjege}h

222 (Bucklandet al.2011) so we replaced all zeros with 0.001.

223

224  Numerical optimisation in conjunction with a bootstrapping proceduas usedto determine the

225 proportionsof each growtstage that maximised species diversity while representiegrtainty in the

226 raw data(Sitters et al. 2018) Abundance values from each species within each grstatie were

227 resampled with replacement 1000 times. Each iteratvi@s then passed to an optimisation function that
228  determined=the set of grow#tage proportions that maximised species diversity. We then derived the
229 mean_proportion and 95% lower and upper confidence limits assowittedach growth stage from the
230  resutingadistributions of values. We applied this procedure to the apouend, soilseedbankand

231  combined abowground and soiseedbankdata separately. For the combined analysis, each species’
232 aboveground and soikeedbanidata were included as independent observations to ensure the optimal
233 growth structure reflected their requirements at diffeliéarcycle stages. Optimisation was conducted in
234  the R statistical environmefR Core Team 2015)sing the NLOPT_LD MMA algdthm (Svanberg

This article is protected by copyright. All rights reserved
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2002) in the nloptr packagdJohnson 2015)and subject to the constraint that the grestége
proportions sum to 1. Resampling was undertaken using the lksgeand plyr (Wickham 2011)

We decomposed the mulipecies optimisation results to examine how individual species’ abundances
differed between the prese(®014/15) and opimal growthstage structuresThe value ofG used in
growth‘stage optimisation is derived from a spedpscific abundance index that depends on growth
stage proportion¢Di Stefanoet al. 2013; Swaret al. 2018) For each spdes, two index values were
calculated; one was associated with the optimal gretafe structure, and the other was associated with
the present'growthtage structure. We used the two index values to calculate the propartiange in
abundance assungina shift from the present stture to the optimal structurnd used the estimated

change in‘abundance to predict the response of individual spetiesdptimal landscape.

To assess the sensitivity of the maximum species diveraltie tosuboptimal growthstage structures
we compared the optimal structure generated at each iteration of thelieggmocess to a randomly
generatedwalternative structure. The difference between the optimal tenthtale structures was
calculated ag}|o; — a;|/n, whereo; represents the proportion of the optimal structure in grestagei,

a; representsithe proportion of the alternative structure in the same gitagth and is the number of
growthstages sampled. The resulting index reflects thenralesolute difference between the optimal and
alternative proportions. Next, we used a regression model to detehmisFréngth and magnitude of the
relationship between index valuesdxis) and the proportional reduction in species diversitgx{g).
Increasingly-rapid and predictable decliney mith x represent increasing sensitivity of modelled species
diversity:values to departures from the optimal grestdge structure. Regressions were run in R using
the package ‘Im{Mazerolle 2011)

Simulation madel scenarios

LANDIS=II"is"a simulation model with flexible temporal and spatiesoldion thatis designed to
simulatevegetation community succession with the incorporation aflaligstces such as fi(€chelleret

al. 2007)=We used LANDISI to simulate 60 years of altermat fire regime components (type
(prescribed or wildfire), size, and frequency) and link their cumulaffeets to species diversity using
growth:stagesoptimisation. This simulation period was choseih reflects current management planning
in this regim (~40- 50 years)Department of Environment and Primary Industries 200/ simulated
prescribed burning of 0, 2, 5, and 10% of the study area per annum withoutewilditin a sgle
wildfire at either year 5 or 25, and with two wildfiresyatars 20 and 3Qesulting in n = 16 scenarios
The 2 and 5% scenarios represent the range of plausible operational praciieethe 0 and 10%
scenarios represent ecological and managemdrgmes. A tetyear inteffire interval was chosen for

the double wildfire scenario as it is shorter than the recommendedbteldire interval for heathy

This article is protected by copyright. All rights reserved
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woodland (12- 45 years; Cheal 2010), represegta potentially ecologically stressful scenavidth
repeated impact across the extent of the landscape, rather than the srakdlémgacts of prescribed
fire. Anglesea is separated from Forest and Carlisle River by 80 km (Fjgolakg split the study area
into two regionsandran ten replicates of each scenario separately for each region, combiningutte re
for subsequent analyséEhe methods used to parameterise LANDISre described iM\ppendix S1 in

thesupporting information

Simulated scenario analyses

We tracked 'species diversity through each scenarioegmdsergd change as a proportional reduction in
the geometric mean relative to the optimal valée¢.each of the 60 timsteps agrowth-stage structure
was calculatedrom a LANDIS-II time-sincefire raster outpytwhile mean species diversiylues and
their 95% upper and lower confidence limits were generated using the bootgjrpppiedure described
above. Analyses wenendertakerusing the combined (aboyground and soiseedbankvegetation dta

and undertaken in R v.3.1(R Core Team 2015)sing the packages rastéfijmans & van Etten 2012)

car (Fox & Weisberg 2011and plyr(Wickham 2011). Graphs were produced using the package ggplot
(Wickham2016)

Restults

We identified 102 nativeplant species in total; no weed species were present. All 102 species were
detected abovground (mean number per site + SE = 21.5 + 0.6, range-34)}Llland 92 species were
represented in the sakedbankK16.1 + 0.6, €27). Banksiawhorl counts were signifantly correlated

with GIS fire history mappingr(= 0.85,P < 0.001), indicating this method was a useful validation tool.
Howevger, this\ correlation was stronger within the range-@02years, after which thBanksiawhorls

under estimated mapped TSF.

Growth=stage optimisation

The aboveground optimal growthstage structure favoured the two younger stages, with minimal
coverage of the oldest growth stage (15%) (Fig. 2a). Conversely, @8&was applied to the soll
seedbankcoverage of the oldest griwstage was around 50%, while coverage of the youngest growth
stage was:close to zero (Fig. 2b). The optimal grestdlge structure associated witke combined

speciegpool comprised approximately even coverage of younger and older grogés gtig. 2

This article is protected by copyright. All rights reserved
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A shift from the present to the optingrowth-stagestructure resulted in pronouncadundancehanges
aboveground Moreshrub €.g. fourAcaciaspecies and Billwynia species)subshrub €.g. anEpacris,
Pimelia and Isopogonspecies)and herbaceous species (e.g/iala and Xanthosiaspecies) increased
their abundancby >10% thandecreased by >10%. In the soilseedbanka shift to the optimajrowth
stage structuréavoured most shrub, st#hrub, and herbaceous sped®seAppendixS2in Supporting

Information).

The _species diversity index was moderately sensitive to departures frooptih®al growthstage
structufe Diversity declined slowly as the departure index increased to afb@in@he f value was high
(0.93), imicating a consistent and predictable trend. A departure from the optimahgtage structure
of 0.2 ‘resulted in a 20% decline in species diversity, suggesting large udeparom the optimal

structurg may. result isignificantdeclines in species dsity (Fig. 3).
Simulation modelling

Applying prescribed fire to 5% of the study area annually, with or without ivé|dfesulted in fire
regimes that generated species diversity values within 1.5% of the theamsidatum after 60 years
(Fig. 4'eji;m;"q). Other prescribed fiszenariogenerated a variety of growttage structures, but in all
cases yegetation diversity wasn averagewithin 12% of the theoretical maximum. Scenarios that
included"2%prescribed burning (Fig. 4 d, h, |, p) generated grswatfe structures and species diversity
values,that were further from the optimal state compared to scenarios diuaiech 10% prescribed

burnirg (Fig#4 f, j, n, 1).

Trendstin species diversity undéretprescribed fire scenarios (2aBd 10% burryear) were similar
(within one _standard error) over the-g€ar period (Fig. 5 agpecies diversityncreased sharply within
the first 12 years and remained close to optimal in the absence ofeviltffidfire decreasedpecies
diversity by 50% after which 15 years of prescribed fisgurneddiversityto prewildfire levels (Fig 5 b,
¢). The no presdred firescenariaesulted in an 75% decline in species diverdfig 5 a), unless one or
two wildfires occurred, whespecies diversity dropped by-60% and 40%, respectivefiFig 5 b, c, d)

A long period without any fire (prescribed or wildlife) réed in a sudden drop in diversity as a large
proportionof the landscape transitioned to a more homogenous giiagle structurelhis is a function

of using a categorical representation (growth stage) of a consneariable (TSF).

Discussion

Prescribed fire is increasingly used to manage fuel and conserve biatyiverire-prone landscapes. We
present a methodology thiaiks fire regime scenarios teiodiversity outcomesdy pairing growthstage

optimisation with spatially and temporally explicit landpe simulation modellingOur approach

This article is protected by copyright. All rights reserved
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enabled us to (1) define a theoretically optimal gresttige structure (2) assess the response of
biodiversity to different fireregime senarios and (3) track the response of biodiversity over tikiee.
show that the absence of fire is a threat to vegetation diversity, andda@arios including 5%
prescribed burning per year, with and without wildfinere bestWe found that usingabove-ground or
soil seedbankdata alonecould result in poor conservation outcomas thesecomponents of plant

diversity_responded differently to fire regimes

Our simulations suggest that species diversity reststablewhen burningoccurredwithin appopriate
intervak. Empirical research in similar ecosystems has shown atpowad diversity to be highest
shortly after.fire and decrease over time as shatl species senes¢8pecht & Specht 1989; Enright,
Miller & Crawford 1994; Freestone, Wills & Read 201%Jonversely, satbank diversity typically
increases with time since fire (TSF) as the recovering abouend vegetation reaches maturity and
releases,propaguléslilberg 1995; Chicket al. 2016) Our data reflected similar patterns and resulted in
optimal~growthstage structures that differed between akbgrneeind ad soil seedbank data sets,
highlightingsthe problem associated with using either dataset alone. Prexoous-gtage optimisation
using aboveground vegetation dat@i Stefanoet al. 2013) likely misrepresented the optimal growth
stage structure, as species loss algreeind does not necessarily reflect a loss from the community.
CombiningTabovayround and soil seedbank data resulted in a flat optimal grstatfe structure, ith
similar “proportions of the landscape in each of the four stages. This suggdsgh degree of
generalisation (i.e., most species occupy multiple grestafjes, either aboyground or as so#tored
seed), which'in turn suggests that species divessitigely to be insensitive to small departures from the
optimal.grewthstage structure. Indeed, our sensitivity analysis showed that degdriam the optimal
structure below about 0.1 (a 10% total difference in growth stage proppmashueed species diversity
by < 5%. This implies that conservation objectives can be achieved with a dedleahifty in fire

management practice.

Scenarios,that included a single wildfire resulted in sharp declines in modelleditditteat rapidly
increasedhgain if prescribed fireesumedThe cumulative effects @ single wildfireand prescribed fire
appeaito be antagonistic under thea®d 10% scenarios with increased losses in diversity ranging from
9.4-116%.and3.8-4.6% respectivelyUnder the doublburn scenarigthe effects were synergistic for the
2% scenaripwith an 82% diversitydecline,but remained antagonistic for the 10% scenavith a 5%
diversity decline These reults highlight that the growtstage structure creatdy prescribed buing
canlinfluence how wildfe shapes vegetation diversityllewing wildfire, the resumption of prescribed
fires improved postvildfire recovery as itncreased heterogeneitygrowth-stage structure. Our findings
support the theory that pyrodiversgomotes biodiversity at the landscapgeale(Martin & Sapsis 1992)

However, for some animal groups, diversity is promoted in landscapes dominated &yed and older

This article is protected by copyright. All rights reserved
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372  vegetationgrowth stagegWatsonet al. 2012; Nimmoet al. 2013) highlighting the need to consider
373 multiple taxa when developing firaanagement strategies.
374

375  Managing for vegetation may not result in appropriate management ssdtagaher taxgDriscoll et
376  al. 2010) For exampleGSOpredicted thashifting from the presenb the gtimal growth stage structure
377  would increase the abundance of shrub species that can dominate the tojpynidges (~0.75 3 m),
378  but lead tordeclines idominantground cover shruh(20 — 75cm) Within the Anglesea regiorbush rats
379 Rattus_fuscipessuperb fairy wres Malurus cyaneuscrescent honeyeatePhylidonyris pyrrhopterus
380 brownheaded honey eateMelithreptus brevirostrisand golden whistler Pachycephala pectoralis
381 responded paositively to vegetation structure betwégn— 200 cm, while southern brown bandicoots
382 Isoodon obesulusesponéd positively to vegetation structure between-260 cm(Sitterset al. 2015
383 Swanet al. 2015) This suggests thananaging for vegetation diversigpuld benefit bush ratandthe
384  five bird species buteduce the preferred habitat of southern brown bandicHotisever,growth stage
385 optimisations jrun for birds in our study ar¢8ee AppendixXS3in Supporting Information- for survey
386 methods seS8itterset al. (2014), and for birds and mammals in other heathy woodland ecosygtems
387  Stefanaet al. 2013; Haleet al. 2016) show diversity maximised whemature or oldgrowthstags
388 dominate the landscap&hese resultsiffer from our combined vegetation analysis amghlight the
389 need for managers to include both vegetation and fauna in gstagh optimisation to adequately

390 manage for multiple taxa.
391

392  Our doublewildfire scenario was intended to be ecologically stidssfs the 1§/ear inteffire interval

393  fell belew the minimum specified for heatlyoodland (12 years; Cheal 2010). Nevertheless, in the
394  presence of prescribed fire, vegetation diversity increased rapidiytla¢ second wildfire, recovering to
395  near maknum levels under the 5% prescribed fire scenario. This result veagercted, as short inter

396 fire intervalscanhave negative effects on vegetation communities (Morrison & Cary; Farmanet al.

397  2017) Our results were potentially influenced by how we lohkeSO to LANDISII. We used a coarse
398 filter approach du¢o the complexity imposed on the simulation modelling by the high species diversity
399 and lack of knowledge of species autecology. We did not include the respértbeskey indicator

400 species usediin the LANDIB modelling as they are proxies for differestmmunities and not species
401  diversity. Instead we used the spatial patterns of wildfire generatedtfre LANDISII simulations,

402  whichswere strongly influenced by the species composition and age structufe afnderlying

403  vegetation,ato, investigate grtiwstage patterns and their associated species diversity. We assumed
404  diversity G) was drawn from a consistent species pool, tolerable fire altetivat constrained prescribed
405 fire in the modelling are robust for all species in the pool, and that specikkdisperse to all suitable

406 locations within the landscape. It is possible that speciwersity occurring post wildfirewas
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407 overestimated as we did not account for metapopulation dynamics or individoesspesponses to
408 frequent fire. Further stly is required to explore the response of individual species to changing fire
409 regimes in this system and to test the robustness of the integrated modellvarhpwing a bottorap,

410  speciesspecific framework.

411

412  Currentfireqmanagement policy in Victoria, AustraBELWP 2015) and worldwide (Husari &
413 McKelvey 1996; Bridgetet al. 2003; Pawor et al. 2009) aims to use fire strategitalto protect both
414  humangandszecological communities. However, as the protection of humaprtifeerty and assets is
415 prioritised (DSE 2012) prescribed burning is often focused around human settlenk@mtexample, in
416  the Otway Ranges there has been a recent fotgsrategic burning around townships. Over time, this
417  strategyscould lead to a spatially skewed grestdge structure, with younger stages occurring closer to
418  towns, @nd older vegetation dominating other parts of the landscape. Ongdirstiow that veation
419  diversitysis increased when fires promote heterogeneity in growth stageffeesntlistages are needed
420 for the persistence of different species. Consequently, fire manageragsgiss that cause younger and
421  older growthstages to occur in different places may result in the loss of some spegiesofme parts of
422  the landscape. Incorporating the spatial asymmetry of prescribed fire programs into réigime
423 modellingy7and representing the implications for vegatatiiversity spatially, will bean important next

424  step forconserving biodiversity in figrone landscapes.
425

426  Conclusiers

427 Using_prescribed fire to create diverse vegetation communities is commaoepthrtughout firgorone
428 regions, but it is often unclear how fire should be appiedchieve this end Linking fire simulation
429 modelling and growttstage optimisation enables managers to predict the kisitiy outcomes
430 associated"with alternative burning practices, incigdegimes that include prescribed fire and wildfire.
431 Specifi@lly, our findings guide the management of vegetation diversity in heathdlanais More
432 generallyswe provide a framework to promote biodiversity in-fii@naged ecosystems worldwide.
433 Including both vegetation and animals in future analyses is desirabldyroaescale biodiversity
434 strategies'should benefit multiple taxa.

435
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Table 1: Growth stages sampled in the three regions

Anglesea Forrest Carlisle River
Size (ha) of Heathy- 6187 1500 11509
Woadland distribution
Sites (growth stage, n)
Juvenile (0 - 3 yrs) 3 2 4
Young (3 - 10 yrs) 8 7 2
Mature (11- 34 yrs) 18 8 7
Old.(> 34 yrs) 0 6 6
Growth stage total (n) 29 23 19

Averagersinter-fire interval ~ 19.1(+ 1.5) SE 30.4 (+ 1.6) SE 32.1 (+2.7) SE
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