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Abstract:

1. The increasingawarenesshat a fireregimethat promotes biodiversity in one systemn
threatenbiodiversity inanotherhas resulted in a shiftway from fire management based on
vague notions of maximisingpyrodiversity towards determining the optimal fineegime
based orthe demonstratekquirements of target species

2. We_ utilised a longunning replicated fire experimerdan Melville Island, the largest island
off the"nerthern Australian coast test the importance of pyrodiversityr native mammals
innl@northern Australiasavanna landscap@/e first developedstatistical models tdetermine
how native mammadbundance hassponded tmine years ofexperimentallymanipulated
fire frequency Next, given each species’ modelled response to fire frequency, we identified
the level of pyodiversity andoptimal mix of fire frequencieshat would be expected to
maximisemammaldiversity and abundancend minimiseextinction risk This was done for
both.the_entire mammal assemblagad for the mammal species currently declining on
Melville Island.

3. Firefrequency was a significant predictor of abundaofcéhe northern brown bandicoot

(Isoedensmacrourus), blackfooted treerat (Mesembriomys gouldii), brushtailed rabbitrat

(Conilurus  penicillatus), grassland melomygMelomys burtoni), pale field-rat (Rattus

tunneyi)gmand mice/dunnartsbut not for the common brushtail possunTrichosurus

vulpecula).

The geometric mean abundance (GMA) of the entire mammal assemblage was positively

associated with pyrodiversity, but peaked at an intermediakge. Hence, maximising

pyrodiversity would reduce native mammal assemblage GMA below its potemabahom.

The fire history for an area that maximistitt entirenative mammal assemblage GMA
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consisted of 57% longnburnt, 8% triennially burnt and&1% annually burntPyrodiversity
did notreduce the extinction risk, nimcrease the GMA of declining mammals above that
predictedn areas entirglannually or triennially burnt.

5. Synthesis and applications. We demonstratea useful approach with which to develop fire
management strategies based on deenonstrated requirements of target speckg
comparingthe optimal fireregimeidentified for the conservation of threatened speend
that identified for theentire mammal assemblagee demonstratehe flexibility of this
appreach.to tailor fire managemdnt addresspecific management priorities other fire

prone environments

Keywords: [ extinction risk, firemanagenent, Melville Island, northern Australia, pyrodiversity,

threatened specigsppicalsavanna, native mammal diversity.

Introduction:

Fire is a glabal ecosystem drivéBond et al., 20053Bowman et al., 20Q¥Kelly and Brotons, 2017
with profoundreffect on the evolution obiological communities and elogical processe&ill et al.,
1981, Whelan, 1995Bond and Van Wilgen1996. As a result, fire plays an integral part in the
functioning ‘of 'some biome@owman et al., 2001 The clearing of vegetation, livestogkazing,
introduction_of exotic plants and animals, alteration of ignition sources and pa#teththe active
suppression ofsfires associated with the expansion of human society has disreptedirfiles on a
global scale, causing substantial ecosystem change and biodiversitiBdévesian et al., 20)1
Worryingly, the disruption of fire regimes is likely to become exacerbategldbal climate bange
(Bowman et aly2009Fire also representsne of the fewools for conservatiormanagement at the
landscape /scaldn many fireprone environments, fire management follows the ‘patch mosaic
burning’ paradigmwhich attempts to establish and maintain a fsoale, heterogeneous mosaic of
varying fire historieg(Parr and Andersen, 2006under the assumption that “pyrodiversity begets
biodiversity” (Martin and Sapsis, 1992However, this approadacks a solid empirical or theoretical
basis and hasalsobeen criticked for lacking clear operational guidelines that specify which aspects
of pyrodiversity should bemaximised(Parr and Andersen, 200Baylor et al., 201p This uncertainty
has recently stimulatedritical analyse of the relationship betweepyrodiversityand biodiversity
(Parr and-Andersen, 2006aylor et al., 2012Kelly et al., 2018. For example, Wile Tingley et al.
(2016 demonstratedhat pyrodiversitypromotes bird diversityn Californian conifer forestsTaylor
et al.(2012 found no such paitn in a semarid region of soutleastern Australisand suggested that
burning for firemediated heterogengicould actually threaten the avian faunathis systemThe
validity of patchmosaic burning has also been questioned for reptNgmmo et al., 2018 and

mammalgKelly et al., 2012 in semiarid Australia.These inconsistdrresults highlight the context
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specificity of pyrodiversityrequirementsand the risks associated with thblanket application o
management paradigm focused on maximisipgrodiversity Hence fire management for
biodiversity conservatiomust bedirectly underpinned by the demonstrafed requirements othe
target speciefAndersen et al2014 Swan et al., 201,%Kelly et al., 2018.

Fire has shaped“Australidandscape for millions of yeargKershaw et al., 20Q0Zrisp et al., 2011

and has been managed by humans for up to 50,000 years of Aboriginal hidterypreakdown of
traditional burnig-practices habeen implicated in the decline of a range of taxa across northern
Australia, including the native cypress pin@allitris intratropica) (Bowman and Panton, 1993
granivorous™birdgFranklin, 1999, and more recentlhe catastrophicollapse of native mammal
populations(Firth et al., 2010 Woinarski et al., 201,1Ziembicki et al., 2014 In an attempt to
mitigate these declinegrescribed managemefites are widely appied across northern Australian
savannagAndersen et al., 2005Creatinga fine-scale firemosaic and increasing the amount of long
unburnt vegetation are often kepjectives of fire management for biodiversity conservation in
northern Australia(Woinarski and Winderlich, 20}4 However, with limited and sometimes
conflicting empirical data relatinghustralian biota to specific fire patterns this approachmay be

ineffective, and even potentialtifreaten important biodiversity values

Here, we utilise a longunning (Syear) fire experiment on Melville Islar{@®ichards et al., 20320
evaluatethe relationship betweguyrodiversityandnative mammal diversity in a northefustralian
savanna. ‘We_first examine the relationship between experimental fire treatmenteaamdal
diversity and-abundance. We then use specific estimatepeamiesabundancgin each fire treatment
to investigate the relationship between simulateggiyersity and mammal diversity and extinction
risk. In doing so, we identify thepecificproportions of different fire treatments within ansilated

landscape that maximis&tive mammal diversity and minimis&tinction risk.

M aterials and methods:

Study site:

Melville Island istAustralia's second largest island (5788)kend the larger of the two main Tiwi
Islands, located"20 km off the coast of Australia’s Northern Terr{téig: 1). The islands experience

a tropical mensoonal climateith a wet season (Novembé&pril) in which over 90% of the annual
rainfall occurs (Australian Bureau of Meteorology, 2015). There is a suladtamtual rainfall
gradient on Melville Island, from 1400 mm in the east, to 2000 mm in the northwest. Jove ma
vegetation types are savanna woodlands and open forests dominak&dabyptus miniata, E.

tetrodonta and Corymbia nesophila, with a predominantly grassy understorey. Shrub density is highly
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variable and studies on the mainland have shown that it is negatively affected by frequent, high
intensity fires(RusselSmith et al., 2003Noinarski et al., 2004

Fire mapping of the Tiwi Islands from 2088013 has showthat an average of 54% of the savannas
were burnt each year, with 65% of this area burning in the late dry sehsarfire intensity tends to
be highes{Richards et al., 2035

Despite nolevidencef recent changein fire intensity or frequency, feral animal densities or invasive
weeds on the Tiwi Islands, natimeammalpopulationsappear to have declinaignificantly over the
past 15 yearsespecially thebrushtailed rabbitrat (Conilurus penicillatus), blackfooted treerat
(Mesembriomys gouldii) and northern brown bandico@isoodon macrourus) (Davies et al., 2017
Davies et al;, 2018

Data collection:

In 2008, 18 experimentalfire plots (each 58100 ha)were establishedt four locationsacross the
western half of Melville Island as part thfe Tiwi Carbon StudyseeRichards et al. 2012 for details)
(Fig. 1). The experiment tests rie contrastingfire regimes: (1) annualburning in the early dry
seasonj2) triennial burningin the early dry season; arf@) no burning(henceforthreferred to as
long-unburnt) Each treatmenis replicatedsix times,with one replicate of each treatmeaitimalu,
Taracumbj andRickertaramoqgrandthree replicates of each treatment at Shark Bay. 1). Prior to
the experimen all plots wereburntatintervals of £3 years(Richards et al., 20)2The mearByram
fire-line intensitiesof the annual and triemal experimental burns were 6%hd 1850kW m™
respectively(A. Richardsunpublished data).

In December2013, four verticaljownwardfacing motionsensorcamera traps were established in
each of the 18 fire plots (72 cameiagotal) to monitor native mammal§hese cameras were left
operatingcontinuouslyfor two yearsbeing removed during this period only when plere burnt
with cameras=releployed as soon as possible after burnily.cameras were Recon{/% PC800
Hyperfire=Professional camerawith infra-red flash (Reconyx Inc., Holmen, USAGiven that all
target species are nocturnahneeraswvere deactivated between 8:00 ar8d0D daily. Camerasvere
programmed-tortake ten image bursts pigger The sensitivity of each camera was set to high, with

cameras r@ming five minutes after being triggered.

Data analysis:

To investigatehangesn nativemammalpopulationdn response tthe experimental manipulatioof

fire frequencywe first derived response variables from camera images to characsgngmammal
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diversity andabundancén each of the 18 fire plat®iversity wasexpressed ahe mean number of
species recorded per 100 trap nightedabundance of eagtativemammalspeciesvascalculatedas
the proportion oftotal camera tramightsthe specieswas recordedThere isa positive relationship
between the number of individuals @6pecies recorded at a sitelive-trapsand the proportion of
nightsthe speciespwas recorded on cameras tmp$/elville Island(See Fig. S1 in supplementary
materia). Wescalculated tis abundancenetric for: the northern brown bandicoot, blafidoted tree
rat, common_brushtail possu(iirichosurus vulpecula), brushtailed rabbitrat, grassland melomys
(Melomys; burteni). and pale field-rat (Rattus tunneyi). Speciessmaller than 50 gnative mice
[Pseudomys spp.] and dunnarts gminthopsis spp.]) could not be reliably identifiecand were
combinedasra single groupeferred to agmice/dunnarts’ We note that this group could comprise of
up to four“individual species: delicate mougese(idomys delicatulus), westerachestnut mouse
(Pseudomysfnanus), redcheeked dunnartShinthopsis virginiae), Butler’'s dunnart $minthopsis
butleri). The™narthern hrshtailed phascogale Phascogale pirata) and northern sugar glider

(Petaurus breviceps) were also recorded, but too infrequently for meaningful analysis of abundance.

We used generalisednéar models (GIMs) to investigatehow native mammal diversity and
abundanceas well asthe abundancef each species, was related to fire frequefi®ydo this ve
comparedoursmedek: a null model,two separatenodek containing the single main effacof ‘fire
treatment and ‘sit€, and a model containing botfire treatmerit and‘siteé. We included the ‘site’
variable jtoraccount for spatial autocorrelati®iven the small sample size (h=18), model selection
was based on _awrobust form of Akaike’s Information Criterion, Al&h index that favours both
model fitand=medel simplicityBurnham and Anderson, 200Models with lower values of AlC

are considered to have greater support relative to other models in the candidate set.

Using the best model based on Al@e predictedthe abundancef each specieis each of the three
fire treatments. Obtaining speciggecific estimates of abundance in each fire treataikmwed us to
explore the relationship betweemammal diversity andgimulated pyrodiversity. To do thiswe
generatedb000 hypotheticalspatiallydimensionless sitewith varying levels of pyrodiversityWe
randomly variedthe proportionof each fire treatmenfannualy burnt, triennialy burnt and long-
unburn) at 'each of these sitesuch that the sum of the proportionisthe threefire treatmerd was
equal to 1Following studiesof birds, mammals and reptil@s semiarid southernAustralia(Taylor

et al., 2012 Kelly et al., 2012 Nimmo et al., 2013 Fansworth et al., 2004 we calculated
pyrodiversity usingthe Shannon’s diversity indescaledsuch that the maximum (i.e. a site with
equal proportions,of annually burnt, triennially burnt and fangurnt vegetationyjas equal to 1As
used here,Shannofs diversity (pyrodiversity) ismaximied when fire treatments are equally
represented at the simulatede and this would hypothetically lead to a maxina@gon of overall
biodiversity values only if each treatniehad equal biodiversity value ane\acknowledgéerethat
this is a much simplified way in which to quantifyyrodiversity We usedthe speciespecific
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estimates of abundan¢gerived from GLMs)n each fire treatmenb obtainan abundance estimate
for each specieat each simulated sisnd thercalculatedhe geometric meaabundanc€ GMA) for

each siteasequation 1

GMA ="/Pj; X Pj, X Pj3 X ...Pj,, eqnl

where n is thesnumber of species, aRj is the predicted abundance for each species given the
simulated fire history GMA is an appropriatebiodiversity index, having heuristic properties that
capture @ rangesof desirable criteria with which to assess biodivé8sickland et al., 201,1Van
Strien et al.;,2012McCarthy et al., 2014 We scaled predicted GMA so the maximwalue was
equal to 1, andelated it toeach site’s pyrodiversityndex

A useful property ofGMA is that ittends to be correlated withe proportion of species within an
area that are likely to become extifbtcCarthy et al., 2014 Following Giljohannet al. (2015, we
utilised thisgrelationship andjuantifiedthe change irextinction risk(ER) resulting from different
levels of pyrodiversity at each sisequation 2

i
ER=1—M eqn 2

(R GrAma)
We then pletted the values bbth GMA and ERagainst each site’s pyrodiversitydex This was
done separately:for both the entire assemblage of mammals (seven species) amaitiethinthree
species in significant decline on Melville Island (northern brown bandicoot, -fdatéd treerat,
brushtailed rabbitrat) (Davies et al., 2008By doing so, we identified the specific proportions of the

different fire treatments that maximised native mammal diversity and rsigdithie extinction risk.

We conducted™a’ sensitivity analysis investigate how thedentified optimal fire regime was
influenced (bythe ) variability surrounding each species’ abundance estiriais was done by
randomly selecting values from the distribution surrounding each species’ prediotethace and
identifying [the level of pyrodiversity that maximised the GMA of the entire native mammal

assemblagerhis was replicated 10,000 times.

Results:

The best model of diversity contained the tefime ‘treatment but this model was not significantly
better (<2 AIC units) than the similar model without this teffrable 1).Therefore, fire treatment
had no clear effect on native mammal diverditgwever species compositioclearly varied between
fire treatmentsFor all seven species, the best model included the term ‘fire treatment’, aalll for

except the brushtail possuthis model was significantly better AIC. units) than a similar model
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226
227

228
229
230
231
232

233
234
235
236
237
238
239
240
241
242
243
244
245

246
247
248
249
250
251
252
253
254
255
256
257

258
259
260

without theterm ‘fire treatment’ (Table 1for a comparison between the effect size of fire treatment

and site on the predicted abundance of each species, see Fig. S2 in supplementary material)

Speciesvariedin their preferredire treatment the abundanaeof the blackfooted treerat, brush

tailed rdbit-rat and‘mice/dunnarts were highest in annually burnt plotshe abundance of the
northern brown“bandicoot and pale fielt was highest in triennially burnt plotndthe abundance
of thegrassland melomys was highesiong-unburnt plots ig. 2). Due tothe logistical constraints

of conductingrarhighlyreplicatedfire experiment, some of these estimates were uncertain.

The geometric mean abundan@@MA) of the entire mammadssemblagevas positively associated
with pyrodiversity but peaked atintermediate pyrodiversity 68% of maximum possible
pyrodiversity, (Fig. 3a). The fire historyof an area that maximised native mami@aMA (i.e. GMA

of 100%) consistedof 57% longunburnt, 8% triennially burntand<1% annually burntvegetation
GMA was 94%for stes composed of entirely loaghburnt vegetatign83% for entirely triennially
burnt sitesand 67% for entirelyannuallyburntsites(Fig. 3a). Mammal GMA at the highest possible
simulated pyrodiversity (i.e. equal proportions annuaitignnially and longunburnt) was 95%.
Having stes consisting of entirely lorgnburnt, triennially burnt or annually burnt vegetat{ae.
those withthelowestpossiblelevel of pyrodiversityincreased the average extinction risk by, 4.8
and 8.0%, respectively(Fig. 3a). Maximum pyrodiversitywas associated with a 1.0% increase in
extinction risk. Given speciespecific fire preferencegig. 2), ech simulatedire management
scenariorepresented a traddf between the abundance of species. piealicted abundance of each

species resulting from different approaches to fire management are summarisdd i Tab

In marked contrast, menconsidering only thosmammalswhich are currently declining on Melville
Island,there was little evidence ofositive association between pyrodiversity and GW#E#A. 3b).
GMA againpeaked at 63% of the maximum possible value of pyrodiverdibyvever the optimal
balance of'fire histories was markedly different compared with that for allnmatsnThe optimal
regme consisted.of no unburnt vegetation, and near equal parts annually3ddnandtriennially
burnt(49%) (Fig. 3b). Native mammal GMA was 99% for sites composed of entirely triennially burnt
vegetation,198% for entirely annually burnt sites and 7@f/entirely longunburnt sites (Fig3b).
Having a siteseonsisting of entirely triennially burnt or annually burnt vegetatmidwncrease the
average extinction risk of the three declining species by less than 1%, while a sigtirgprdi
entirely lng-uaburnt would increase their average extinction risk by 7% (8. Maximum
pyrodiversitywas associated with a 2% increasethie extinction riskfor those species currently

declining on Melville Island

Multiple combinations of the three fire treants resulted in the same level of pyrodiversity, but
varied in theipredictedGMA and extinction risKi.e. those sites along the dotted blackdirigg. 3).

For example, for the entire mammassemblage, sites with a pyrodiversiglue of 63% varied in
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their predicted GMAby 19% (representing a 4% range in extinction riskhis variability
stemmed from the relative dominance of the three fire treatraéetsch simulated sjtevith

an increasing proportion of annually burnt resulting in Io@BYA and higher extinction risk.

For those species currently declining on Melville Island, an increasing proportion ef long

unburnt resulted in lower GMA and higher extinction risk.

From 10,000 replications of our sensitivity analysis, the level of pyecsity that
corresponded.to maximum native mammal GMA averaged 60%, av@6% confidence
interval of 23%-.98%.

Discussion;

Globally, there“is pressingieed to identify fireegimes thatmaximisebiodiversity However,afire
regimethatmaximiseshbiodiversity in one systemmay not necessarilgo soin another(Farnsworth et
al., 2013. As a resultfire managemenapplied without contexspecific empiricakvidencemay not
only be awasteof,resources bupotentially threatenbiodiversity (Taylor et al., 2012 In northern
Australian savannas,etermining the fireregime that most strongly promaenative mammal
diversityistafocusof much research, as fire management is widely advocated as@ok&yprevent
further population declines (Woinarski and Winderlich, 2014Davies et al., 2007 By first
demonstrating theariedresponse oindividual mammal species texperimentallymanipulatedire
frequency we haveprovided the firsempirical evidencefor the relationship betwegoyrodiversity

andboth native mammagiammadiversity, and extinction riskin a northern Australian savanna

We found thapredicted mammal diversitpésed orgeometric mean abundance; GMA) peaked at an
intermediate level of pyrodiversity. Hence, maximising pyrodiversity lvagctually reduce native
mammal GMA(albeit slightly) below its potential maximum. This is a similar result to that fooind f
a range of bird and mammspeciesn the semiarid Mallee region of southastern AustraliéKelly

et al., 2012Tayler-et al., 2012Farnsworth et al., 20)4which have particular requirements fong-
unburnt vegetation, rather than heterogeneousQine.results suggest that the optimal fire regime for
the entire mammal assemblage wolbdddominated (>50%) by loagnburnt habitat, highlighting the
importance,of longinburnt vegetation to maintain mammal diversity in northern Australian savannas
We demonstrate that the predicted mammal diversity and extincsioatra particular pyrodarsity
value depends athe relative dominance of each of the three fire treatments, suggesting thatahe ini
fire state of an area dictates the potential benefits of applying fire managdmpnottantly,

maximum pyrodiversity was associated with a higher predicted diversity ofman{and lower
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extinction risk) than the lowest pyrodiversity (i.e. those sites entirely agntrahnially or unburnt).
Hence, while pyrodiversity is clearly an important element afearegime that can helmaintain
high diversity, other components of the fire regime may be particulaprtant e.g. the proportion

of the landscape in a particular desired (or undesired) state

Despite the majority of speciexhibiting the highest abundance in the annually burnt fire plots, we
identified the optimal fire regime fdotal native mammal diversity as an area composed of mostly
long-unburnt and“triennially burnt vegetation. While seemingly cotinteitive, this reflects the
mathematical properties of the index we used to quantify native mammal wgivéinisi geometric
mean abundance (GMA). GMA is a useful measure of biodiversity and reflects levihess and
abundance; however, as it works on the multiplicadisee, GMA is most sensitive to changes in the
rarest specie@Buckland et al., 20)1As the pale fieldrat and grassland melomys were infrequently
detected campared to the other species, their habitat preferences for triennidlniduongunburnt
vegetation jwere particularly influential, thus explaining the importancéheset fire regimes for
maintaining overall mammal assemblage diversitnvestigating the relationship between
pyrodiversitysandsthe diversity and extinction rigkthe entire mammal assemblage allowed us to test
the relevanceof the pyrodiversity hypothesis for northern Australian mammals. However,
conservationzefforts are often focused on a small subset of species, which are e#iendhr or

locally declining(Drummond et al., 2090

For any given _area, there will be an optimal fire regime maximises diversity and minimises
overall biodiversity los¢Richards et al., 1999However, even if the optimal fire regime is known, it
will often not be feasible to implement due to resource constraints. As such, managelmlance
alternative _management strategies, each associated with different costs and benefiteslls a r
management objectives targeted towards the conservation of threatened species are ritised prio
over morefcommon species. For example, the optimal fire regime identified dretieef entire
mammal assemblage suggested the optimal fire regime wouldhtieaded (>50%) by longinburnt
habitat. Not only was this relationship primarily driven by the habitat requisnod two relatively
stable mammal species (grassland melomys and paledi@ldUCN, 196, Woinarski et al., 2014
butit represents an impracticable target to achieve in the highlprinee mesic savannas of northern
Australia, where on average over 50% of the landscape burns each year. As such, from dsmanager
perspective, this_approach would be undesirable as it would involve a significastnieué of
resources*for minimal benefit to species of conservation concern. The optenadime identified

for declining mammal speciesas markedly different, and more feasible, to that which would
maximise the diversity of the entire mammal assemblage. Increasiodjersity did nodrastically
reduce the extinction riskor increase the GMA of declining mammals above pratlictedin areas
entirely annually or triennially burnHowever,increasing pyrodiversity isuboptimalareador these

declining mammalgi.e. areasdominated byunburnt habita) could result in a7% reduction in
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330 extinctionrisk. Targeing certain areas in the landscapi¢h an empirically baseabjectivehighlights

331  how this method might be utilised by manag@rdhe spatial prioritisation oprescribed fire We

332  acknowledgéhe limitation that our fire experiment lacked a spatial component. As thadle, reults

333 may only be relevantfor prescribed fireappliedat a similar spatial scale i.e. patcH&%-100 ha

334  Importantlyy thesesresults demonstrate that once a firm understanding of -sjpeciéis requirements

335 in regard toiresis established, tlapproach can be utilised to optimise fire management to achieve

336  explicit management priorities, such as the conservation of threatened .species

337  Compared with invertebratethere has been limited research relattlagannamammal diversityto

338  pyrodiversity (Briani et al., 2004 Griffiths et al., 201% While our resultsconcur with those of
339 Maravalhas and Vasconcel@2014, who demonstrated the importance of pyrodiversity for ant
340 diversity in Brazilian cerrado (savannahey contrastwith research ofAustralian and African
341 savanna invertebrateshich exhibiteda highlevel of resilienceto fire (Parr et al., 2004Andersen et
342  al., 2014. Again,while our resilts concumwith some studiesinking pyrodiversity to the diversity of
343  faunal groups in bioesother than savannd@ingley et al., 2016Ponisio et al., 2006 they contrast
344  with others(Tayler et al., 2012 Farnsworth et al., 20)4 The inconsistentsupport for the
345  pyrodiversity, hypothesibetween biomes arfdunal groups emphasises the proposition of Kelly and

346  Brotons(201d.efithe need for fire management to be tailored to local conditions

347  While much of the biotan fire-prone environmenthasevolved to beemarkably resilient tdire,
348 fire-sensitive,elemenwsften persistwithin the saméandscapegKelly and Brotons, 2017 The native
349  mammal faup@f northern Australids agroupwidely reported to be highly responsive to fiseveral
350 studies have demonstratetfong, butmarked variatiorin the responsef different mammal species
351 to both experimentally manipulateénd naturally varyingfire regimes (Corbett et al., 20Q3
352  Woinarski et al., 2004Andersen et al., 2005For example Woinarski et al.(2004 demonstrated
353  significant differences irthe abundancef native mammal species between an annually burnt area
354  and an area where fire had been exclide@3 yearsThey showedhat theblackfooted treerat and
355 common brushtail possumere moreabundntin the long-unburnt area, whilehe northern quoll
356  (Dasyurus hallucatus), northern brown bandicoot and pale fiedd were more abundant ithe
357 annualy burnt areaHowever, the largscale, replicated Kapalga fire experiment demonstrated
358  preference for unburnt areas for five out of seven mammal species, including thennguithlie fawn
359  antechinus Antechinus bellus), northern brown bandicoot, comménushtail possum and grassland
360 melomys(Andersen et al.,, 2005Given the variable requirements pbrthern Australian native
361 mammal specie@ reation to fire, any area subject to a spatialiypmogeneous firdistory will

362 inevitably disadvantage some species, #xjdairing the positive associatiorbetweenpyrodiversity
363  and native mammal diversidemonstrated her&hisis consistent with the predictions thie original
364  pyrodiversity model proposed by Martin and Sapsis (1992). Thathien species have different
365 preferences in tation to fire history, pyrodiversityis required to maximise the persistence of all
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366  speciesHowever,in order to develop clear and effective fire management, and avoid the often vague
367 operational guidelines based on pyrodiversity rhetoric, ititedl to determingthe optimal level of

368  pyrodiversityto achieve specific management objecti{earr and Andersen, 2006

369  While we have suggestdile regimesthat may support biodiversity on Melville Islgrfdr a number
370  of reasonghismay notnecessarily béhe case foother areasf northern Australia’s savanndsre is
371  a stochasti¢, spatially complex form of disturbance and the fire experimerteceperemanipulated
372 only one aspect ofithe fire regimire frequency. As a result we were unableatzount for many
373  aspects of the fire regime includitige intensiy and spatial patterning of fireAs such, our results
374  are based onmuchsimplified application of fire and future research should focusicorporating
375 otheraspects of the fire regime into a similar analyliss also important to note thaur burning
376  treatments did not include hightensity fires that typically occur late in the eigasonFor example,
377 the intensity /of experimental annual fires on Melville Island averaged just 650 RWB
378 comparisongat.Kapalga Kakadu National Parkhe Byram fireline intensity ofexperimentahnnual
379  early dry seasofires averaged 2100 kW t(Williams et al., 1998 High-intensity fires have been
380 shown to havesbeth dire@Eirth et al., 201pand indirect negativémpacts(Legge et al., 2008.eahy
381 etal., 201p0n the survivabf multiple speciesn northern Australian savanna¥hile Anderseret al.
382 (2009 suggeted:thatfires of very lowintensity(occurring in April/early May) couldbenefitground
383 active native mammalghey pointed out thagarly dry seasonmanagement fires ariypically of
384  higher intensitysAs our results are basash small, lowintensity experimentalfires, the suggested
385 optimal fire regime maynly be applicable in areas wheseich lowintensity fire regimes are
386  achievable:

387 The effectof ire regimeson biodiversitycan actsynergisticallywith otherthreatening processes
388 (Driscoll et al., 2010 Andersen et al., 20)2In northern Australiarsavannasthese includehe
389  density of exotic megherbivoregLegge et al., 20)1linvasive grasse@Rossiter et al., 2003as well
390 as the density of mammalian predators including the diGgai¢ dingo) and feral ca(Felis catus)
391 (Leahy et al., 2016 As theseotherthreatening processes vary across the landscape, sdlltdbe
392  optimal fire,regime for biodiversity conservatidfor example,n areas withhigh predator densities,
393 it may be thaspecieshat would otherwise inhabit more open areas, are forced to sheltargin
394  unburnt vegetationdue to its mitigating effect ro predation pressure(McGregor et al., 2015
395 McGregor et al.,.2018 eahy et al., 2006 Thepresence and density thfe threatened native species
396 for which management is commonly aimed atsexing also varyacross thdandscapeHere we
397 have identified the optimal fire regime for tigeoundactive native mammals of Melville Island.
398  Again, given that a different suite of mammal species occurs in the savannas of maorthed
399 Australia, the optimal fire management for species conservatilbikely differ to some extent
400 While aur study investigated howlifferent fire patternsnifluencenative mammaldiversity, future

401  work shouldalsoincorporatethe fire response afther nomamammal species, especially those thought
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to be declining and sensitive to firegimes(e.g. partridge pigeorGeophaps smithii; (Fraser et al.,
2003). Our results were sensitive to the variability in species’ specific abundance estimates (due to
both the limited replication of our fire experiment and the sensitivity ofAGMrare species). As

such, future work utilising this mebd shouldinclude a sensitivity analysisFurthermore, the
approach autlined, in this manuscript may be strengthened by the incorporation of divetsitg

other than Shannon’s diversity index and GMA.

Specific targetsthatego beyond pyrodiversity rhetorigre necessary for fire management for
biodiversity conservation to be operationally effec(®adersen et al., 2005However, thee targets

are highly ¢ontext specific and depend on a range of factors including management piiueifies
requirements of thepecies presei a particulararea as well as the presenaead severityof other
threatening process The realisation that a fireegimethat promotes biodiversity in one systén
often not applicable to anothehas resulted in a more concerted effort to develop fire management
that is supported.by ecological theory, but tailored to local condiffearnsworth et al., 201&elly

and Brotons, 2017 By utilising a longrunning fire experiment we have demonstrated not only the
utility of firstsdetermiring speciesspecific responses to fire with which to develop fire management,
but the flexibility that this approachaffordsto developandtailor fire management based specific

and changingmanagement prioritiegn other fireprone environments.e. conserving threatened
species vs..conserviramentire mammal assemblagihile the feasibilityof implementingeplicated

fire experimemtris:low, conducting correlative pilot studies tlaat specifically designed to relate
biodiversity to fireregmeswill greatly improveour ability to develop effective firemanagement
strategies
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620  Figure l1:“Locations of the 18 experimental fire plots on Melville Island, nortAastralia. The
621  black, grey and*white rectangles represent the six annually burnt, trieruatiy and longunburnt
622  plots, respectively. The location of Melville Island relative to mainland Australihde/sis in the
623  inset.
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632 a) Northern brown bandicoot b) Common brushtail possum
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643  Figure 2: The predicted index of abundance (+SE) of native mammals for each exparifine
644  treatment.
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651  Figure 3: The relationship between pyrodiversity and the geometric almmdance (GMA) and the
652  relativechange in the index proportional to the extinction risk for (a) all graatidge native mammal
653  species; (b) the three declining native mammal species, at 5000 simulated siteguadie, triangle

654 and diamond intercept markers indicate the predicted maufirersity and extinction risk at sites
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655 composed of entirely annually burnt, triennially burnt and fongurnt vegetation, respectively. The
656  dotted vertical lines indicate the level of pyrodiversity with the maximum getliimammal GMA

657 and minimum chargyin extinction risk.
658
659
660
661
662
663

664  Table 1. Summarises the model selection process for native mammal alphaydamdsipecies
665  specific abundance in 18 experimental fire plots across Melville Island, Northeritorjerk
666  indicates the number of parameters; AAIC. is the difference between the model's ANalue and the
667  minimum AIC; value in the candidate set; is the Akaike weight (the likelihood of the model being
668  the best in the candidate set). Bold text indicates significant effect of fire treatment (AAIC, < 2,
669  relative to other models in the candidate set). Models with essentially no empirical support (AAIC, >
670  10) are not included in the table.

Response Model K AAICc Wi
Native mammalsalpha diversity ~ Fire treatment + Site 8 0.0 0.60
~ Site 6 1.0 0.36
~ Null model 1 6.0 0.03
~ Fire treatment 3 8.5 0.01
Native mammal‘abundance ~ Fire treatment + Site 8 0.0 0.57
~ Site 6 0.6 0.43
Northern brown bandicoot abundance ~ Fire treatment + Site 8 0.0 1.00
Common brushtail. possuabundance ~ Fire treatment + Site 8 0.0 0.67
~ Site 6 1.5 0.33
Black-footed treeratabundance ~ Fire treatment + Site 8 0.0 1.00
Brushtailedrabbitrat abundance ~ Fire treatment + Site 8 0.0 1.00
Grassland melomys abundance ~ Fire treatment + Site 8 0.0 1.00
Pale fieldrat abundance ~ Fire treatment + Site 8 0.0 0.97
~ Site 6 7.1 0.03
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Mice/dunnart abundance ~ Fire treatment + Site 8 0.0 1.00

671

672  Table 2: Predicted abundance of each native mammal species resultindjffesemnt approaches to

673  fire management.

Approach to fire Northern brown Common brushtail Blackfooted Brushtailed Grassland Pale Mice/
management bandicoot possum treerat rabbitrat melomys field-rat  dunnarts
Entirely annually burnt 2.52 2.94 3.62 1.96 0.13 0.01 1.35
Entirely tiennially burnt 4.30 2.63 2.67 1.58 0.10 0.08 0.72
Entirely inburnt 2.61 2.44 2.97 1.11 1.01 0.02 1.29
Maximum pyrodiversity 3.15 2.67 3.09 1.55 0.43 0.04 1.12
Maximum GMA/

Minimum extiion tisd 3.33 2.52 2.84 131 0.65 0.05 1.04

674
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Table 1: Summarises the model selection process for native mammal alpha diversity and species-
specific abundance in 18 experimental fire plots across Melville Island, Northern Territory. K
indicates the number of parameters; AAIC, is the difference between the model’s AIC, value and the
minimum AIC; value in the candidate set; i& the Akaike weight (the likelihood of the model being

the best in the candidate set). Bold text indicates significant effect of fire treatment (AAIC. < 2,

relative to othemmodels in the candidate set). Models with essentially no empirical support (AAIC; >

10) are notiincluded in the table.

Response Model K AAICc W,
Native mammal alpha diversity ~ Fire treatment + Site 8 0.0 0.60
~ Site 6 1.0 0.36
~ Null model 1 6.0 0.03
~ Fire treatment 3 8.5 0.01
Native mammal abundance ~ Fire treatment + Site 8 0.0 0.57
~ Site 6 0.6 0.43
Northern brown bandicoot abundance ~ Fire treatment + Site 8 0.0 1.00
Common brushtail possum abundance ~ Fire treatment + Site 8 0.0 0.67
~ Site 6 15 0.33
Black-footed tree=rat abundance ~ Fire treatment + Site 8 0.0 1.00
Brush-tailed rabbit=rat abundance ~ Fire treatment + Site 8 0.0 1.00
Grassland melomysrabundance ~ Fire treatment + Site 8 0.0 1.00
Pale field-rat abundance ~ Fire treatment + Site 8 0.0 0.97
~ Site 6 7.1 0.03
Mice/dunnart abundance ~ Fire treatment + Site 8 0.0 1.00

Table 2:_Predicted abundance of each native mammal species resulting from different approaches to

fire management:

Approach to fire Northern brown Common brushtail Black-footed Brush-tailed Grassland Pale Mice/
management bandicoot possum tree-rat rabbit-rat melomys field-rat  dunnarts
Entirely annually burnt 2.52 2.94 3.62 1.96 0.13 0.01 1.35
Entirely triennially burnt 4.30 2.63 2.67 1.58 0.10 0.08 0.72
Entirely unburnt 2.61 2.44 2.97 1.11 1.01 0.02 1.29
Maximum pyrodiversity 3.15 2.67 3.09 1.55 0.43 0.04 1.12
Maximum GMA/

Minimum extinction risk 3.33 2.52 2.84 131 0.65 0.05 1.04
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Figures and Tables:

Imalu fire plots

Shark Bay fire plots

Bathurst Island

f Melville Island
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.
®

Pickertaramoor fire plots

Figure 1: Locations of the 18 experimental fire plots on Melville Island, nortAestralia. The
black, greysandswhite rectangles represent the six annually burnt, trieriniatiiy and longunburnt
plots, respectively. The locatioof Melville Island relative to mainland Australia is shown in the

inset.
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a) Northern brown bandicoot b) Common brushtail possum
5 4 5 -

4 4 } 4
It ()
Q o
S 3+ c 3 -
© ©
2 ¢ ¢ S }
321 2 2]
Ke)
< <
1 A 1 -
0 0
Annual Triennial Unburnt Annual Triennial Unburnt
c) Black-footed tree-rat d) Brush-tailed rabbit-rat
5 -+ 3 A
4 -
] ()]
£ 3 } } £ %
© ©
5 5
> 2 .
3 21 }
1 .
0 0
Annual Triennial Unburnt Annual Triennial Unburnt
e) Grassland melomys f) Pale field-rat
2 1 0.15 1
: 2 0
ke 3 .
S 1 1 -
o)
< <0.05 -
0 ¢ (] 0 L {
Annual Triennial Unburnt Annual Triennial  Unburnt
g) Mice/dunnarts
2 -
o 1.5 -
(8)
C
O
2 1
5
0
2 ’
0.5 4
0

Annual Triennial Unburnt

Figure 2: The predicted index of abundance (+SE) of native mammals for each exypalrifine
treatment.
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Figure 3: Therelationship between pyrodiversity and the geometric mean abundargeaftaihe
relative change in the index proportional to the extinction risk for (a) all gracine native mammal
species; (b)ithe three declining native mammal species, at 5000 simulated sites. Ehdrange
and diamond intercept markers indicate the ptedimammal diversity and extinction risk at sites
composed of'entirely annually burnt, triennially burnt and{onburnt vegetation, respectively. The
dotted vertical lines indicate the level of pyrodiversity with the maximum pgestiicammal GMA
and minimum change in extinction risk.
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