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ABSTRACT

Land-stewardshigprograms ara major focus of investment by governments for conserving
biodiversity in agicultural landscapes. These programsgaeerallylarge scale (e.g>1000 km)
spanningmultiple biogeographic regiormit developed usingpatially limited (e.g. landscaseale;
<100 km)_ecological data interpolated acrossadareador one, or a fewyell-studied taxonomic
groups Informationabout how lesstudied taxaespond taegional differences management and
environmentakffectshas potential téurther informland-stewardshigonservation programbut
suitabledatasets-are rarely availabin this study, we sought to enhance planning of lsade
conservation,programs by quantifying relationships between reptile assendniddesy
environmentél attributes at regional scales within a laogée(>172,000 krf) Australian land
stewardship'pregranusing 234 remnant woodland monitoring sites spanningdistinct
biogeographic/regionsye asked: Do reptile assemblages show different environmental associations
across biogeographically distinct regi@We found tlat environmental featuresiportantto reptile
diversity differed over each region. Abundance &ard species richnes$reptilesresponeédat
regionatscaledo elevation, native groundcover and aspé.identifiedfour implicationsfrom our
study. 1) large-scaleconservation schemes can achieve better outcfomesptilesusing regional
scaleknowledge oknvironmental associatior®), regionatscale knowledgés particularly valuable

for conservatiorof rarereptiletaxa,3) consideration o&bioticenvironmental features which cannot
be directly managed (e.g. aspect, elevatiimnportant, 4programs can be tailored to better support
reptilegroupstat,higher conservation ri€kur study shows that reptiEnvironmemassociations

differ ampagbiogeographic regions, and this presents opportunitiafiaring stronger policy and

management strategies for conserving lacge agricultural landscapes globally.

KEY WORDS:=Agri-environment schenseagreecology,agricultural landscapescosytem

services, Environmental Stewardship Progrerherpetofauna, Sousastermustralia.
INTRODUCTION

Agriculturaliexpansion and intensification anajorcause®f biodiversityloss(Barnoskyet al.,
2011) To'addresshis, billions of dollarsare committedy governmentso largescale land
stewardshigonservation programs targeting privédaure agricultural landscapgsuropean
Commission, 2014; USDA, 2014)hile increasing thecopeof these programis a global priority
(e.g. UN_Millennium Development Goals; IUCN, 201teyremain founded on spatially limited
ecological dataiinterpolated acrdssadareagWhittinghamet al., 2007; Gonthieet al., 2014)and
largely focusonone or a few well-studied taxonomic grougkischeret al., 2014). An emerging
challenge for conservation practitioners is to find ways to rédimgescale lanestewardship

programsby incorporatinghigh-resolutionecological information for an increasing range of taxa.
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Species respond to environmental drivaand ecological processasmultiple spatial scales
(Cushmar& McGarigal, 2002) soanunderstandingf these issues is likely to improve effectiveness
of large scale conservation programs. Howevtecan be difficult to implemeriarge scale programs
(i.e.across 2000km) while accommodating complexity fme-scale (i.e. 410 km) biological
patterns. Subsequently, lagtewardship programs hagenerallyfocusedonly on a few management
objectives acress coarse scales. Exploring regiseadé(i.e. 16100km) habitat relationshipssing
regionsdefined bysharedenvironmenal condition(e.g.biogeographic regionss likely to capture
important patterns of response to habitats and manag¢Bsatyet al., 2011; Concepcitat al.,

2012; Bddi, Batary & Kleijn, 2013)and provides possible balance between generality famet
resolution.The benefits of incorporating regiorsdale criteria into conservation planning have
recently been,acknowledged for some bedtlaset al., 2014)and birddWhittinghamet al., 2007)
butthere are only a fewtudieslimited to European landscapes. Broadening our understanding of
biodiversity responses in larger muigigional contexts, and in other parts of the world, is therefore

important.

Another challenge facing conservation managers is to dewelggervatiorprograms based on a wide
variety of taxaData forlargescale lanestewardship programs are generally limited fevawell
studied grouptikeplants,birds andsome invertebratg$or review see Whittingham, 2011; Bataaty
al., 2015). Grounddepenént reptiles have received considerably less attention (but see Méthael
al., 2014)despite representimne of the most diversnd apidly decliningvertebrate groupis
agriculturaldandscapes globallBohmet al., 2013) Further, reptiles have ecological requirements
that are distinct from other vertebrate taxa, such as limited dispersal capacity agichterap
dependentactivitfGuisan & Hofer, 2003; Schutz & Driscoll, 200&onsequentlybuilding on

known ecological requirements of reptiles by incorporating regiscele knowledge of

environmental associations can enhance effectiveness ofsleatgeconservation programs

In this study, we examimkhabitat requirements for reptiles by studying their associations with a set
of biotic and abiotic environmental variables, across multiple biogeographimsegrithin the
Australian Environmental Stewardship Progran{@emnonwealth of Australia, 2009, 2013;
Lindenmayelet al.; 2012) This topic is ofparticularconservation interest given its relevance to the
widely adoptedandcostly agrienvironment schemésensu Kleijn & Sutherland, 2003)hese
schemes'aim to promote biodiversityfémming landscapes, but despite billi@fsiollars of
investmenannually their benefit remains undemonstrated for declining gralwelling vertebrates
including reptilegsee Miclaelet al., 2014) Our study is the first to examine spatial variation in
habitat requirements for reptiles across a conservation program of thisegaléng >172,000 kfm
(approximately the size dfruguay. Using 234 remnant woodland monitoringesitacross four

distinct biogeographic regiorfsensu Thackway & Cresswell, 1995; Commonwealth of Australia,
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96 2014) we asked: Do reptile assemblages show different environmental associations across
97  biogeographically distinct region? To answer this question, we examined nlifisgeects of the
98 reptile assemblages, including total abundance and species richness, as well as richnesgdEgre sp
99 andrelative abundance (evenness) of the assemlBagause reptiles exhibit strong associations
100  with climate and geography (McCain, 2010; Kaiyal., 2013)we predicted that the relationships
101  between envirenmental variables and measures of reptile diversity would vary bergsgdns
102  observedproviding opportunity formprovingdesign of lanestewardship program&ur results
103  identify four.key.conservation implicatiorier decision makers, underscoring opportunities to

104  advance conservation programs in the future.

105 MATERIALS'AND METHODS
106  Study Area

107  Our studyis set within theritically endangere@8ox Gum Grassy Woodland ecological community
108 targetedundertheEnvironmental Stewardship Programme in seedltern Australifindenmayeret
109  al., 2012). This woodland community characterised by an understorey of native tussock grasses,
110  herbs and scattered shrubs, and an open tree strata that was oudgimétiited by white box

111 (Eucalyptusalbens), yellow box E. melliodora) and Blakely’s red gun blakelyi) (Commonwealth
112 of Australia, 2013)Spanning >1008m northto-south,this community has been reduced to <4% of
113  its original"extentue to clearingver the past 150 yeafisindenmayer, Bennett & Hobbs, 2010he
114  southern exteris particularly threatened by intensive agricult(ifoekstraet al., 2005)andnow

115  occurs as small and isolated remnants of varying condition (Commonwealth ofliApu2043) The
116  community,also supports a rich woodlatkebendent reptile faur{ay et al., 2013), with over 120
117  species of reptiles recorded across the extent of the studfWéitsan & Swan, 2013)

118  Experimental design

119  We established 234 monitoring sites in remnant woodland on 152 fatme §ites per farm)

120 involved in the Programm@ig. 1). These sitesepresent the highest quality woodland remnants
121  remaining(see FigS1 for typicalsite) An implicit assumption frm the outset of the Programme was
122  that its effectiveness for biodiversity would be homogenous across its spatial esjgte dpanning
123 arange of biogeographic and climatic boundaries known to influence ecological communities
124  (Commonwealth of Australia, 20Q9)o test this, wgrouped sites of similar climate, geology and
125 landform by weHldefined biogeographic regiorfsensu Thackway & Cresswell, 199&hich have

126  been used to define agatimatic systems throughout our study afidatchinsonet al., 2005)

127  We first separated sites the basis of broad agatimatic system fromHutchinsoret al. (2005): a

128  winter-rainfall improvedpasture system and a lenainfall nativepasture systenWithin eachagro

This article is protected by copyright. All rights reserved



129  climatic system, we then grouped sitgsclearly definediogeographic regiaa(Commonwealth of
130  Australia, 2014)Sites withinthe winterrainfall system weréhusseparated into the elevated

131  Southern Highlands region (61 sites) and the fertile Southern Slopes region (82itie®)it&in the
132  low-rainfall system wersimilarly separated into a Mithern Slopes (53 sites) region and tsmaller
133 northernbiogeographic regiondat, due to limited sampling across bbibgeographic regionsvere
134  combined to.create a single Northern region (38 sites). Additional descrigirahe final set of four

135  regiorsare provided as supporting information (Table S1).
136  Reptile surveys

137  We surveyeatachsite for reptiles three timgeptember 2010, February 2012 and September) 2012
138  along a 200%0:m transect. We used a tirend areaconstrained (20 min .8 ha) survey protocol

139  (following Michaelet al., 2012) involving active searches of natural habitat Brsgpections ofwo

140  artificial refuge arrays. Both arrays were placed 100 m apart@misted of fouconcreteoof tiles

141  (32x 42cm),one doubldayered stack of corrugated galvanized saeel four woodemailway

142 sleepers (1.2 long).

143  We conductedssufveys on clear days between 0900 and 160Guitbuitse same group of
144  experiencedffield ecologists. We identified species udiilgon & Swan (2012)Our analyses
145  focussedon'whole assentages at site level, so we pooled observations wiitésand across survey

146  times todefinea reptile assemblage at eveite.
147  Measurement of environmental features

148  We measured a suite of environmental features relevant to conservation mavagedided
149  variables ceammonly considered for management (e.g. vegetation charactelissitepgpdikely to
150 beimportantfor reptiles but not influenced by management (e.g. topographic poditiaie}:

151  We surveyed vegetation at each site during Feb2@t® and 2012 and averaged datthatsite

152  level. We measured native plant species richness in a 20nxakit midway alonghetransect and

153  recorded length of logs in two 50 x &Dplots athe extremends ofatransect. We estimated

154  percentage,covaf bare ground, organic litter, rock, overstorey and midstorey by recording these

155  attributes every metre along two BOtransect¢for details see Michaedt al., 2014)

156  We obtaineclevation and aspect for each site using nine second resolution spat{aludetenson,
157  Stein & Stein,;"2011). Largscalegeographieffectson species richnesse known to occur for
158  reptiles(Rodriguez, Belmontes & Hawkins, 2005; Brown, Dorrough & Ramsey, 20ivEn by
159 latitudinal influence on ambient energy (temperature and solar radiationnarsiuredriven habitat

160 gradientsBecause our study area encompasses confounding latitudinal and rainfall gragiersisd
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a ‘growth index’ derived from ANUCLIM (Xu & Hutchinson, 2018) combine the effect of
temperature, moisture and daylight into one energy related vafiael@ppendids1 for details)

Statistical analysis

We used an informatietheoretic approac{Burnham & Anderson, 2002} test whether largscale
conservationspragrams could be made more effective by incorporating reggatekcological
knowledge ‘of reptiles. We fitted generalised linear mixed models (GLMMs) to esd@n
relationship-betweeenvironmental variablesnd reptile diversity. Conservation progragesierally
measure biodiversity success through change in overall richness or abundance dqBatéinget
al., 2011)despiteithesbeingrelatively crude measurédlorris et al., 2014) Additionally,
biodiversity suecess may be measured through a positive response in species adittmmsencern
(Cunninghanet al’, 2014) as well as the relative abundance (evenness) of spetie® greater
evenness implies more robust populatitMagurran & McGill, 2011) Thereforewe used four
measures of reptile diversity as our response variables, with higher values indioptionged
outcome: (i) richness of all reptile species, (ii) richness of rare reptile speciesr{therrthat
occurred at < 5% of all sites), (iii) abundance of all reptile species, and (iv) assemiglagessyv
(Shannon Evenness; Magurran & McGill, 2011). We used a Poisson distribution withrkltm li
model richness, rare species richness and overall abundance. For evenness, we used a Gaussian

distribution with an identityink. “Farm” was fitted as a random effect in all models.

We reduced thesnumber of potential explanatory variables for use in modelsusingifeatures
identified in"previous studies of reptile ecological requirem@nts Brownet al., 2011 and

references within), as well agpert knowledgef experienced wildlife scientists, from within
Australian temperate woodlands, and€liminating highly correlated vatides (examining pairwise
scatterplotsqand correlation coefficients with r > 0.5 cu@jur et al., 2009) This gave a set of

eight predictorvariablegseful for testing regionalcale habitat relationships for reptilgsowth

index, aspett (scaled from +1 [northerly}1o[southerly]), elevation, richness of native groundcover,

log cover(length)rock cover, bare ground cover and native overstorey cover.

To test whether regionakale information could enhance conservation prograsafitted region and

the interaction of region with each of the eight predictor variables. To explatertietative

influence of regien with environmemnwe repeated our analysis with the environmental variables
standardised within region (i.e., the withiegion mean subtracted from the values within that region).
If region was important in models only Wistandardised environmental variabige inferedthat
regional differences are otherwise accounted for by environmental gradients across¢ehstway

area. Conversely, if environmental variables are important only in modbtsuvstandardisatigrit

would imply that broagcale regional differences drive changes in reptile diversity and weébion

variation in these parameters is not important.
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We used Aaike information criteriofAIC, Burnham & Anderson, 2002 select togranked models
andincludedall models within 2 units in our inference (Arnold, 201d)e checked for over
dispersion by dividing the Pearson goodrefsfit statisic by the residual degrees of freedom and
found no values greater than one suggesting that our data were RdispegsedMcCullagh &
Nelder, 1989)We inspected the residual ¥isted plots of each model to confirm that residuals were
approximatelysrandomly distributed with respect to fitted values. We assumed silifei@mt farms
were independent, and tested for spatial dependence in the residuals using a Morg)CEff &st
Ord, 1981)finding:no evidence of spatial autocorrelation. Wwelertook all analyses using the
MuMIn packagen R (Barton, 2009).

RESULTS

We recorded 57 species of reptiles from ten families (TaBleSpecies richness ranged from one to
10 species per sitejith adecline in richneswith increasindatitude (slope=0.061+0.018, p<0.001)
corresponihg to approximately one less species for every five degrees of latitudeSgrigpecies
accumulation,curves for each study region and the whole study area approached an agyimptote (
S3), ranging.between 72.4% and 92.9% ofdékématedrue richness (@bleS3).

The topranked maodel for species richness across the study area included a positive effect of growth
index, log cover, native groundcover richness and rock cenlelesser negative effects of elevation,
native overstoerey coveand northerly (sunlit) aspect (TablgFig. 2). Region was included in the

model although'its effects were wealth no interaction effecapparent

Rare species richness was explained across the study area by a positive effect of rock covar and, t
lesser extent, a negative effect of native overstorey cover (Tdbilg P). Rare species richness was
negatively associated with elevation in the Southern Highlands and Northern &lgipes and

positively inithe remaining regions. An interactive effect of region also octwith native

groundcoverrichness/hich was positively associated in all but the Northern region.

Reptile abundance was explained across the study area by a positive effect of rock cover and
interactions of region with elevatipnortherly (sunlit) aspect and native groundcover richrieessl¢

1, Fig. 2. Reptile species evenness was explained across the study area by positive effects of growth
index and, to a lesser extent, positive effects of rock cover and native groundduovess and

negativereffects of elevation (TableFig. 2. There was no interaction effect of region.

Standardizing predictor variables flt diversity measures revealed the same result,evigmness
revealing aradditional effect of regiofiTableS4), indicaing environmental terms had similar effects

at the withinregion and betweeregion scale
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228 DISCUSSION

229  We used an informatietheoretic approach to assess howorporatingspatial variation in habitat

230 requirements caassist largescale conservation planning. Our study revealed that environmental
231 features important in driving reptile diversity differed for each regioitic@lly, two of the four

232 measures of reptile diversity responded atéggonalscale, in some cases reversing the direction of
233 effect.Our werkprovides empirical support for incorporating regiesedle criteria into conservation

234 planning, addressinan emerging need in conservation scigiiéescheret al., 2015)
235  Biological interpretation of the models

236  To understand the appropriate regielealel conservation planning and managenoetitomes of this
237  study it is impertant to consider the mechanisms behind regjp@tific responses to environment by
238  reptiles.We'foundtwo abiotic variables (elevation, aspect) and one biotic variable (native

239  groundcover richnessyereimportant driversf abundance and rare species richtieasvariedn

240 effectat the regiondevel (Fig. 2b. In two of the southern (colder) regions, lower elevation

241  corresponded with lower numbers of reptiles and rare species, while in the warmer Nordhern an
242 Northern Slopes regiorbe pattern was reversedhis is consistent with known thermoregulatory
243 limits whichreptiles experience at higher elevatighischer and Lindenmayer, 2005; McCain, 2010)
244 In contradiction to thisgdeawas the positive effect of elevation on rare species richness in the

245  Southern Slopes(g. 2bH. However, his might reflect extensive native vegetation loss in the fertile
246  lower slopes ofithis region compared with hilltops where native vegetation is eti@med(Fischer
247  etal., 2010)

248  Northerly (sunlit) aspects generafiypportechigher reptile abundance, although thiso differedby

249  region At cooler:(higher) latitudes, higher reptile abundance on northerly (sasfigcts within the

250  Northern Slopes and Southern Highlands regions is consistent with reptile thermamesonig

251  (Brownet al:;22041). This effect also could be expected for the cooler Southern Slopes, although
252 similar preference by livestock for these nefidhing warmer and more productive pastures may

253  contribute'to lower reptile abundance observed here based on the demonstrated igrpactgpbn

254  reptiles(Dorroughet al., 2012; Howlandtt al., 2014) Higher abundance on southerly (shaded)

255  aspects in the warmer Northern region may reflect a preference for species to occupy mesic refugi
256  when thermoregulatory processes are not limiting, a recognised pattern es(Butdkett & Stow,

257  2013)

258  Native groundcover richness influenced rare reptile species richness and abundance ahdte regio
259 level, with positive effects iall but the Northern region. This regional effect probably reflects
260 differences in climatéHutchinsoret al., 2005)and cultivation historieHoekstraet al., 2005)

261  between the regions, with a greater reliance on native groundcover richness by reghidendne
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intensivelycultivated southern regions. This is consistent with the-egHblished negative impact of
agricultural laneuse recognised for reptiles globalfyabricius, Burger & Hockey, 2003; Ribeigb
al., 2009)

Five of the seven environmental featuigentifiedin top models for reptile divetyiwere linked to
reptile thermoregulatory behaviour. Grodliagler structural attributes related to reptile basking,
including cover of rocks (Seebacher & Franklin, 208%) overstorey (Pike, Webb & Shirg§11)

as well as broad thermalhglevant climatic variables of growth index, elevation and aspect were
important in, driving reptile diversityl'his suggesténclusionof features that influence

thermoregulatorgnvironment&nhanesregional effectiveness of conservation programs for reptiles.
I mplicationsfer.eonservation

To facilitate adaptive learningensu Perkinet al., 2010)from the Environmental Stewardship
Programmehatwas the focus of this investigation, we present a summary of suggested management
actions to informdfuture programd/e summarise features important émnservingoverallreptile

diversity, andridentify features important at the regidieakl for conserving rare species within this
ProgrammgTablesd. To help guideconservation planninmoregenerally we identifyfour key

managementrecommendatiadhatemerge fronour study.

1) Incorporating regionakevel responses of species diversity to environmental features allows

greatemnsophistication in conservation program design

The results'of‘our'study suggest conservation programs will be more effectiveiifdbgyorate
regional \ariation in important environmental featur&he identification of regional patterns for
reptile abundance and rare species is of specific value for conservation mahlaigasbecause
bolstering existing populations and increasing species of conservation concern is fuatimme
arresting biodiversity erosion in fragmented agricultural landsd&p@sthieret al., 2014) Our work
addresses the need to shift beyond the-%irefits-all’ approach commonly applied to largeale
programgWhittinghamet al., 2007; Bataryet al., 2011) underscoring the value of considerihg
disproportignate benefit some environmental features pravidertain contextdManagers caapply
regionatlevel biodiversity informatiorither by selecting sites containing certain attributes, or for
targeted restoration activitieSor examplerestoration ohative groundcovefe.g. Lindenmayeet

al., 2010)would be most effectivig applied for restoring rare reptile diversity in southern regions of
this study (Fig. 2. Although similar studies across a suite of taxonomic groups are needed, the
habitat recommendations identified in this study are largely consistent withnbkely to be
detrimental formany other groundiepenént fauna including mammals and amphibi@dsEIhinny
et al., 2006)
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2) Rare species need special consideration

Despite the overarching objectives of many conservation programs to conserve ecgketgidal
communities, it is evident that rare and threatened taxa may continue to ¢i€idijmeet al., 2006)
or showtime-lags in response to conservation progréitishaelet al., 2014) Procedures for
ensuring robust protection of rare and threatened sped@wistewardshigonservation programs
are limited(Whittingham, 2011; Batargt al., 2011)and have ngpreviously involved
recommendation®f management at the regioavel (Table 3. An explicit recommendation from
our studyisto incorporate regional environmental features impor@antdnserving rare species at
the site selection stage and focus management actions at this level. Applyingithéchfor rare
species in other taxonomic groups may help idemntifyortantfeatures for preventing muitaxon
species decline.in agricultural landscapes. Where recommendati@ifferent taxonomic groups
clash(e.g. positive for reptiles while negatif@ birds), other approaches such as raritieria
decision analyse¢iuang, Keiter & Linkov, 2011)could be used to consider a range of contrasting

managemenbptions

3) There is a need to prioritize variables that cannot be managed

Some of the'most important drivers of diversity at the site level are envinbamaéributes that
cannot be influenced by site management, such as aspect, elevation and growth indextheespit
importance for diversity, these abiotic attributes are rarely considdren designingonservation
programgKleijn.et'al., 2006) Because these features cannot be man#usdintegration at the
initial site'selection stages of conservation planning, particularly at thenagtgeel, would enhance
species diversity and therefore effectiveness of conservation programs. Althoegbréaygams may
inadvertentlyseapture these features, a targeted approach would be more effeigtiveultihbe
achieved by’ensuring sufficient representation of these variables in the prelindggy of program

development;,but then tailoring sitelection to include key features relevanpaaticular regions.

4) Programs can be tailored to better support species groups at higher conservation risk

Many conservation programs differ in effectiveness among spmuiHail to support speciegroups
athigher conservation riskor examplelandstewardship conservation programs are more effective
for plants and'some invertebrate groups (Whittingham, 20itth)no demonstrable benefit fother
rapidly declining groups such eeptiles (Michaekt al., 2014) However, we contend thatfining
programs by‘ineorporating environmental featuwas benefit thesat-risk groups. Our studghows

that reptilesa groupexperiencing global declin®ohmet al., 2013) are positively associated with
features important for thermoregulation (e.g. aspect, elevation, rgek) ddaintainingimportant
thermoregulairy featureseither through sitselection(by considering elevation and aspect) or

proposed management actions (such as maintaining rock cover asemewaable resourceyould
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329  help reptiles angossibly otheritermoregulating speciggoups(e.g. amphibians, invertebrates;
330 Cossins & Bowler, 1987)

331 Themanagement recommendations we have identified were develdtpettie goal of enhancing
332  effectiveness afhe largescale lanestewardship conservation programs. Such progreawe become
333  one of the mostisedtools globally for conserving biodiversity in agricultural landscqpesopean
334  Commission, 2014; USDA, 20148y examining difference betweeagions, for an important yet
335  poorly studiedtaxonomic groupe haveidentified newopportunities fobetterconservation

336 mana@ment in agricultural landscapes that can improve effectivenéamgescale conservation

337  programs globally.
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514  Appendix S1.Calculation of Growth Index
515 Fig. S1 Example of a typical woodland site from our study.
516 Fig. S2.Relationship between reptile species richness and latitude

517  Fig. S3.Accumulation curves of observed species richness for the study area and four study

518 regions.

519 Table S1 Additional description of each study region.

520 Table S2 List ofiall reptile individuals surveyed.

521 Table S3. Observed and estimated species richness for the whole study area aoidleach

522  four study regions.

523 Table $A. GLMMSs for the four measures of reptile community assembly in relatiergta

524  environmental and habitat predictors.

525

526 TABLES

527 Table 1. Summary of the best model for reptile diversity response (species richness, rare
528  species richmess, abundance, evenness) as predicted by eight environmental:\gaoalles
529 index (Gr=id);=nertherly aspect (Asp_N), elevation (Elev), native groundcover richnes

530 (NGR), length"ef log cover (LogLth), rock cover (Rock), bare ground cover (BG) and native
531 overstorey cover (NOS_cvr) plus interaction with region (REgg. Northern Region is

532 incorporated in the intercept as the reference category against whieiats, and their

533 interactions, are measured. Unstandardized models are provided (these match the

534 standardized madels). Direction of response is given (sign)

Response Model terms Direction Estimate SE F P

Species Richness Reg + Rock + NGR + Gr_id + Asp_N + Elev + LogLth + NOS_cvr
(Intercept) 0.294 0.517 0.567 0.5705
Reg(NS) + 0.006 0.218 0.025 0.9798
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Response Model terms Direction Estimate SE F P
Reg(SH) ¥ 0.347 0.264 1.318 0.1876
Reg(SS) + 0.192 0.230 0.836 0.4029
Rock + 0.021 0.007 3.072 0.0021
NGR + 0.021 0.008 2.722 0.0065
Gr_id + 6.815 3.184 2.14 0.0323
Asp_N - -0.106 0.058 -1.82 0.0686
Elev - -0.001 3.17x 10" -2.01 0.0443
LlogLth + 0.004 0.002 2.038 0.0415
NOS cvr - -0.003 0.002 -1.56 0.1198

Rare species richness Reg + Elev + Reg*Elev + Rock + NOS_cvr + Reg*NGR + NGR
(Intercept) -0.161 0.840 -0.191 0.8482
Reg(NS) + 0.340 0.991 0.343 0.7315
Reg(SH) + 2.169 1.107 1.960 0.0500
Reg(SS) - -0.811 0.936 -0.866 0.3862
Rock + 0.025 0.011 2.326 0.0200
NOS_cvr - -0.005 0.003 -1.742 0.0815
Elev + 0.002 0.001 1.296 0.1951
Reg(NS)*Elev - -0.003 0.002 -2.019 0.0435
Reg(SH)*Elev - -0.004 0.002 -2.497 0.0125
Reg(SS)*Elev + 4.19 x 10 0.001 0.280 0.7791
NGR - -0.049 0.055 -0.889 0.3741
Reg(NS)*NGR + 0.119 0.061 1.949 0.0513
Reg(SH)*NGR + 0.068 0.057 1.190 0.2339
Reg(SS)*NGR + 0.085 0.059 1.452 0.1465

Abundance Reg + Reg*NGR + NGR + Rock + Elev + Reg*Elev + Asp_N + Reg*Asp_N
(Intercept) 1.282 0.518 2.475 0.0133
Reg(NS) + 1.469 0.685 2.144 0.0320
Reg(SH) + 1.734 0.870 1.993 0.0462
Reg(SS) + 0.628 0.596 1.054 0.2918
Rock + 0.023 0.007 3.149 0.0016
NGR - -0.025 0.027 -0.920 0.3575
Reg(NS)*NGR + 0.035 0.034 1.037 0.2998
Reg(SH)*NGR + 0.044 0.030 1.445 0.1484
Reg(SS)*NGR + 0.101 0.029 3.435 0.0006
Elev + 0.002 0.001 1.978 0.0480
Reg(NS)*Elev - -0.005 0.001 -4.029 0.0001
Reg(SH)*Elev - -0.004 0.001 -3.042 0.0023
Reg(SS)*Elev - -0.004 0.001 -3.612 0.0003
Asp_N - -0.347 0.150 -2.312 0.0208
Reg(NS)*Asp_N + 0.322 0.211 1.530 0.1260
Reg(SH)*Asp_N + 0.096 0.205 0.467 0.6402
Reg(SS)*Asp_N + 0.533 0.170 3.138 0.0017

Evenness Rock + NGR + Elev + Gr_id
(Intercept) 0.477 0.116 4.124 0.0000
Rock + 0.009 0.005 1.890 0.0588
NGR + 0.007 0.004 1.587 0.1141
Elev - -2.25x 10" 1.39 x 10" -1.624 0.1044
Gr_id + 2.620 0.875 2.996 0.0027

This article is protected by copyright. All rights reserved



535 Table 2. Recommendations for scheme development, particularly targeting site priontisat
536 aiming to enhance overall reptile richness eard species richness for sites included in the

537  four study regions within the study area

Region To conserve overall richness To conserve rare reptiles

Whole study e Target high (>3%) rock cover e Target high (>3%) rock cover
e Target high (>300m/ha) logpver e Target open (<20%) overstorey
e Target open (<20%) overstorey
e Target sites at low (<500m)
elevation
e Target high (1.0) growth index
e Target high (>0.033 speciesim

native groundcover richness

Northern e Target sites atigh (<540m)
e As for whole study elevation
e Target southerly (shaded) aspect
e Target low (<0.037 species/in

native groundcover richness

Northern Slopes e Target sites at low (<430m)
e As for whole study elevation
e Target high (>0.037 species)m

native groundcovetichness

Southern Slopes e Target sites at high (>430m)
e As for whole study elevation
e Target southerly (shaded) aspect
e Target high (>0.033 species)m

native groundcover richness

Southern e Target sites at low (B30m)
Highlands e As for whole study elevation
e Target northerly (sunlit) aspect
e Target high (>0.038 speciesim

native groundcover richness

538 FIGURES
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547  Fig. 2. Relationships of all linear predictors (plus confidence intervals) in theatd@d models for (A) the different reptile assemblage measures wighin th
548  whole study area, and (B) important interactions with the four study regions: Mdfitloeth), Northern SlopeéNS), Southern Slopg$SS and Southern
549  Highlands(SH) regions
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550 SUPPORTING INFORMATION
551  Appendix S1.Calculation of Growth Index variable
552  The Growth Index isaculated within the GROCLIM package of ANUCLIXu & Hutchinson,
553  2013) TheGrowth'Index is a measure that summarises several broad environmental and climatic
554  variables into"one biologicalyneaningful productivityrelated metric. Designed initially as a
555  generalized growth model for vegetation response to light, thermal and waters;egioveth index
556  calculates weeklyzindices of light, temperature, moisture availability angkgpipém to models of
557  plant growthbased on input climate surfaces for Australia. The output is a comprehensive set of raster
558 layers, which canbe built under current, or projected future climates.
559  For ecological examinationd)d use othe growth indexmetric presents significant advantages over
560  other environmntal and climatic measures availaioleludinglatitude, longitude, temperature and
561 rainfall andshencerwas used in this study. First, although geographically tesctige use of
562 latitude/longitude/has limited ecological and biological meaning. Latitoidgitude is often used to
563 reflect gradientstin temperature, aridity and ecosystem change however in guhesgdgradients
564  were betterepresented using the combined model of growth index. Second, combining
565 environmentaltand climatic measures into one productbagednodelof growth index allowed us
566  tocombine the likely influences of several variables into one variable suitabl@fiimg. Third,
567 the measures of growth index (daylight, temperature, and moisture) are rébenegtiles as
568 thermoregulatory ectotherms sensitive to basking opportunity, thermal conditions atutenoi
569 limiting attributestlike vegetation cover and peasailability.
570
571
572
573  Table S1. Description of each region including the braapgoclimate(from Hutchinsoret al., 2005)
574  topographic.andominantiand use featurgérom OEH, 2014).
Region Agro-climate Annual Annual Mean General Dominant Land
Temp. rainfall elevation Topography Use
(°C) (mm) (ma.s.l)
Northern  Most plantigrowth in summer, 1019 4491015 540 Inland Summer crops;
Region although summers are moisture Slopes  native pasture
limiting. Temperaturdimits grazing

plant growth in winter
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Northern Most plant growth in summer, 1016 500-1150 431 Tablelands / Winter cereals

Slopes although summers are moisture Plains andsummer
limiting. Temperature limits crops native
plant growth in winter pasture grazing

Southern Moisture availability high in 9-15 500-1150 427 Inland Springcrops

Slopes winter-spring, moderate in Slopes improved and
summer, most plant growth in native pastures
Spring

Southern Moisture availability high in 6-16 4601883 733 Elevated Horticulture;

Highlands winterspring, moderate in Ranges improved and
summer,,most plant growth in native pasture
spring grazing

575

576
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583

584  Table S2 List of all reptile individials surveyed for each species, summed for the entire study area
585  (Study) and each study region: Northern (North), Northern Slopes (NS), Souliyees 5S),

586  Southern Highlands (SH)

Family Scientific name Totals
Study  North NS SH SS

Agamidae Amphibolurus burnsi 1 1 0 0 0
Amphibolurus muricatus 6 1 0 5 0
Diporiphora nobbi 1 1 0 0 0
Intellagama lesueurii 1 1 0 0 0
Pogona barbata 18 3 2 8 5
Carphodactylidae  Underwoodisaurus milii 11 0 0 0 11
Cheluidae Chelodinalongicollis 2 0 0 2 0
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Diplodactylidae

Elapidae

Gekkonidae

Pygopodidae

Scincidae

Amalosia rhombifer
Lucasium steindachneri
Nebulifera robusta
Oedura tryoni
Srophurus intermedius
Cryptophis nigrescens
Demansia psammophis
Furina diadema
Notechis scutatus
Parasuta dwyeri
Pseudechis porphyriacus
Pseudonaja textilis
Christinus marmoratus
Diplodactylus vittatus
Gehyra dubia

Gehyra variegata
Heteronotia binoei
Aprasia parapulchella
Delma inornata

Delma plebeia

Delma tincta
Acritoscincus platynotum
Anomalopus leuckartii
Carlia pectoralis

Carlia sp

Carlia tetradactyla
Carlia vivax
Cryptoblepharus pannosus
Cryptoblepharus pul cher
Cryptoblepharus sp
Ctenotus spaldingi
Ctenotus taeniolatus
Egernia cunninghami
Egernia striolata
Eulamprus quoyii
Hemiergis talbingoensis
LLampropholis delicata
LLamprophoalis guichenoti
Lerista bougainvillii
Lerista timida
Lygisaurus foliorum
Menetia greyii

Morethia boulengeri
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0 0
4 1
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14 9
2 8
0 0
0 0
6 0
0 0
0 0
0 0
10 55
0 0
49
0
30
10 76
15 22
10
28
0
87 19
74 31
13 1
3
0
0
1
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Tiliqua rugosa ssp aspera 10 0 0 3 7
Tiliqua scincoides ssp scincoides 13 4 1 6 2
Typhlopidae Ramphotyphlops nigrescens 2 1 1 0 0
Ramphotyphlops sp 1 1 0 0 0
Ramphotyphlops wiedii 5 5 0 0 0
Varanidae Varanus varius 2 0 1 0 1

587

588  Table S3"Observed species richness, estimated richness and the percentage of observed to the

589  estimated species richness (pcnt value) for the whole study area and each of the foagitngly

Observed richness  Estimated richness Pcnt value

Whole study area 57 72 79.7%
Northern 43 59 72.4%
Northern Slopes 28 34 82.9%
Southern Slopes 26 30 87.5%
Southern Highlands 25 27 92.9%
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590 Table $4. The bestranked generalised linear mixed models (GLMMS) investigating the religloff predictovariables (growth indejGr_id], northerly

591 aspec{Asp_N], elevationElev], richness of native groundco®&GR], length of log covefLgL], rock covefRock], bareground cover [BG] and native

592  overstoreycovefNOS] ) plus interaction with region (Regk predictors of four measures of reptile community assembly (total richnessgraes sp

593 richnessabundanceevenness) for the whole study ar@atputs from bothhte (i) unstandardized and (ii) standardized variables are given. Selected models
594  are indicated by bold text.

(i) Unstandardized

Response', /Included variables Model rank

Reg* Reg* Reg* Reg*

(int) Asp_N Reg BG Elev  Gr_id LgL NGR NOS Rock Elev Asp_N NGR LgL df logLik AlCc delta  weight
Species 1.09 -0.06 -0.07 0.10 0.10 0.11 -0.08 0.10 9 -419.47 857.7 0.00 0.108
Richness 109 -0.07 0.12 0.09 0.08 -0.07 0.10 8 -420.70 858 0.30 0.093
1.09 -0.06 0.12 0.06 0.07 0.11 7 -421.84 858.2 0.45 0.087
109 -0.07 0.11 0.11 0.11 -0.07 0.10 8 -420.80 858.2 0.50 0.084
1.09 -0.06 -0.06 0.12 0.06 0.09 0.11 8 -420.90 858.4 0.71 0.076
1.09 -0.06 0.12 0.07 0.09 0.11 7 -422.03 858.6 0.83 0.072
1.09 -0.08 0.14 0.07 0.11 6 -423.16 858.7 0.95 0.067
1.09 0.13 0.07 0.07 0.11 6 -423.21 858.8 1.05 0.064
1.09 0.12 0.10 0.08 -0.06 0.10 7 -422.28 859.1 1.33 0.056
1.09 -0.07 -0.06 0.13 0.09 0.11 7 -422.29 859.1 1.35 0.055
0.92 -0.07 + -0.12 0.19 0.09 0.12 -0.07 0.10 12 -416.85 859.1 1.37 0.055
0.92 -0.08 + -0.11 0.21 0.10 0.11 10 -419.08 859.1 1.41 0.053
0.94 -0.07 + -0.11 0.19 0.05 0.10 0.11 11 -418.07 859.3 1.60 0.049
1.09 -0.06 0.13 0.06 0.12 6 -423.62 859.6 1.87 0.042
0.90 -0.23 + -0.10 0.21 0.10 0.12 + 13 -416.087 859.8 21 0.038
Rare -0.18 + 0.17 0.17 -0.09 0.11 + 12 -333.21 691.8 0.00 0.149
Species -0.15 + 0.16 0.15 0.12 + 11 -334.44 692.1 0.24 0.132
Richness -0.20 + 0.16 0.07 0.17 -0.13 0.10 + 13 -332.75 693.2 1.32 0.077
-0.18 -0.05 + 0.18 0.17 -0.10 0.11 + 13 -332.87 693.4 155 0.069
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-0.06 + 0.28 -0.27 -0.11 0.12 + + 15 -330.61 693.4 1.59 0.067
-0.39 + 0.19 0.11 0.16 -0.10 0.11 + 13 -332.97 693.6 1.76 0.062
-0.15 + 0.18 0.18 -0.11 + 11 -335.21 693.6 1.78 0.061
-0.21 + 0.04 0.19 0.17 -0.09 0.11 + 13 -333.08 693.8 1.97 0.056
-0.19 + 0.6 0.19 0.15 0.12 + 12 -334.21 693.8 1.99 0.055
-0.33 + 0.18 0.09 0.14 0.12 + 12 -334.279 694 2.13 0.051
Response',, Included variables Model rank
Reg*  Reg* Reg* Reg*

(Int)  Asp_N Reg BG Elv Gr_id LgL NGR NOS rck Elev  Asp_N NGR LgL df logLik AlCc delta  weight

Abundance 1.85 -0.24 + 0.29 -0.14 0.11 + + + 18 -680.94 1401.1 0.00 0.223
1.47 -0.23 + 0.31 0.19 -0.13 0.11 + + + 19 -679.95 1401.5 0.39 0.183
1.85 -0.23 + 0.29 -0.13  -0.02 0.11 + + + 19 -680.849 1403.2 219 0.075

Evenness 0.72 0.08 0.05 5 -78.55 167.4 0.00 0.138
0.72 -0.04 0.07 0.04 0.04 7 -76.69 167.9 0.52 0.107
0.72 -0.03 0.08 0.05 6 -77.93 168.2 0.86 0.09
0.72 0.08 0.02 0.04 6 -78.01 168.4 1.01 0.083
0.72 0.08 0.02 0.05 6 -78.12 168.6 1.24 0.074
0.72 -0.02 0.08 0.05 6 -78.23 168.8 1.47 0.066
0.72 -0.04 0.08 0.04 6 -78.44 169.2 1.87 0.054
0.72 -0.04 0.07 0.02 0.04 0.04 8 -76.31 169.3 1.88 0.054
0.72 0.01 0.08 0.05 6 -78.47 169.3 1.94 0.052
0.72 0.08 0.01 0.05 6 -78.47 169.3 1.95 0.052
0.72 0.09 4 -80.58 169.3 1.97 0.051
0.72 -0.03 0.07 0.02 0.05 7 -77.518 169.5 2.16 0.047

(i) Standardized

Response Included variables Model rank

(Int)  Asp_N Reg BG Elv Gr_id LgL NGR NOS rck Reg* Reg* Reg* Reg* df logLik AlCc delta  weight
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Elev  Asp_N NGR LgL

Species 1.38 -0.07 + -0.08 0.08 0.09 0.11 -0.07 0.10 12 -416.85 859.1 0.00 0.092
Richness 1.39 -0.08 + -0.07 0.09 0.10 0.11 10 -419.08 859.1 0.04 0.09
1.38 -0.07 + -0.08 0.08 0.05 0.10 0.11 11 -418.07 859.3 0.23 0.082
1.37 -0.23 + -0.07 0.09 0.09 0.12 + 13 -416.09 859.8 0.73 0.064
1.39 + -0.08 0.08 0.07 0.09 0.11 10 -419.56 860.1 1.00 0.056
1.38 + -0.08 0.08 0.10 0.11 -0.07 0.10 11 -418.51 860.2 1.10 0.053
137 + -0.10 0.06 0.18 0.11 0.11 + 13 -416.39 860.4 1.34 0.047
137 + -0.11 0.20 0.11 0.11 + 12 -417.52 860.4 1.34 0.047
139 -0.08 + 0.10 0.08 0.11 9 -420.84 860.5 1.38 0.046
139 -0.08 + 0.02 0.09 0.09 0.11 + 13 -416.48 860.6 151 0.043
1.37 -0.23 + 0.10 0.07 0.12 + 12 -417.62 860.6 1.55 0.042
1.37 + -0.11 0.23 0.13 -0.07 0.11 + 13 -416.53 860.7 1.61 0.041
1.37 -0.24 + 0.04 0.09 0.09 0.12 + + 16 -413.13 860.8 1.66 0.04
1.36 + -0.10 0.06 0.21 0.12 -0.06 0.10 + 14 -415.43 860.8 1.68 0.04
Response Included variables Model rank
Reg* Reg* Reg* Reg*
(Int) Asp_N Reg BG Elv Gr_id LgL NGR NOS rck Elev  Asp_N NGR LgL df logLik AlCc delta  weight
1.36 -0.06 + -0.10 0.06 0.19 0.12 -0.07 0.11 + 15 -414.33 860.9 1.77 0.038
1.36 -0.05 + -0.10 0.06 0.16 0.11 0.11 + 14 -415.49 860.9 1.80 0.037
1.39 -0.08 + -0.07 0.09 0.10 -0.03 0.10 11 -418.87 860.9 1.83 0.037
138 -0.08 + 0.01 0.08 0.08 0.11 -0.08 0.10 + 15 -414.38 861 1.86 0.036
1:38 -0.07 + 0.09 0.08 0.09 -0.07 0.10 11 -418.92 861 1.92 0.035
1.36 -0.05 + -0.11 0.22 0.13 -0.07 0.11 + 14 -415.63 861.2 2.07 0.033
Rare -0.07 + 0.12 0.16 -0.09 0.11 + 12 -333.21 691.8 0.00 0.149
Species -0.07 + 0.11 0.14 0.12 + 11 -334.44 692.1 0.24 0.132
=0.07 + 0.11 0.06 0.16 -0.13 0.10 + 13 -332.75 693.2 1.32 0.077
-0.07 -0.05 + 0.13 0.16 -0.10 0.11 + 13 -332.87 693.4 1.55 0.069
-0.07 + 0.19 -0.26 -0.11 0.12 + + 15 -330.61 693.4 1.59 0.067
-0.07 + 0.13 0.05 0.16 -0.10 0.11 + 13 -332.97 693.6 1.76 0.062
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