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Runninghead Effects ofgrazing on ant assemblages

ABSTRACT

1. Grazing by‘livestocks a majorecologicaldisturbancewith potential effecton
vegetation, soil, and insect fauats area diverse and functionally important insect
groupwith manyassociations witthe groundiayer, yet recentglobal synthesesgjuestion
the importance of grazing effects on ant communities relative to vegetation or soil.

2. Weexaminedhe effectof vegetation, soil andrazingon the whole ant community, ant

functionalgreups, and abundaqteciesn temperate eucalypt woodlands, southeastern

Australia

3. We founddimited influence of grazing @ur vegetation and soil measures, except for a

positiverassociatiohetween grazing arekotic perennial grass covéie alsofoundthat
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exotic grass cover had a negatafeect onoverallant abundancand richness, but not
functional groups or individual specieilSC:N ratio hada positiveeffecton the
subdominant Camponotini, atehf litter coverthad a positiveffect onthe abundace of
cryptic gecies Partial Mantel testeevealed an effect dfoth environmental and grazing
measuresnrant assemblage composition, but constrained ordination shioatdeaf

litter caver, grass biomassind native and exotic perenngahss covehadstronger
correlatiors with-ant community structuréhan grazing.

4. Our study showthatbothenvironmental variatioand grazing play eole in drivingant
community,structure, but that key environmentaliables such as grass biomass and leaf
litter cover are particularlymportant in temperate eucalypt woodlands. Monitoahgnt
communities toneasurehe benefits of changed graziregimesfor biodiversity should
consider contemporary grazing pressasevell aghe underlying effects of variation

plants and sails

K eywor ds:agriculture biodiversity conservatiorenvironmental stewardship, Formicidae,

grazing,inseetinvertebratemodified landscapemonitoring restoration

INTRODUCTION

Grazing ly livestock can be a major disturbance in ecosysthradoits effectsonsoilsand
plant communities (Hobbs, 199@lilchunas & Lauenroth, 199%chumaret al., 1999),as
well as associatedsectfauna (Kruess & Tscharntke, 2Q@&eymour & Dean, 1999As a
consequence, the management of grazing is a priority for manyniamagersvith
responsibility for the conservation of biodiversity (Lehal., 2007 Rooket al., 2004)

Grazing can alter soil and plantrditites over prolonged periods (Hobbs, 1,996
Milchunas'& Ladenoth, 1993). For soils, this can include both physical and chemical aspects
such as compactidnom the impact ohnimalhoovesas well asalteredphosphorus and
nitrogenlevelsthrough plant consumption and redistribution via urine and dBegveret
al., 2003 Yateset al., 2000). For plants, this can include the introduction and spread of
exoticgrass specie®riscoll et al., 2019, the selectivgrazingof different plantspecies
(Dorroughet al., 2007), and changes in the structure, biomass or composition of the ground-
layer plant communityYates et al., 2000These changes to soils and plant communities

have consequences for associated biota, both above and below ground, with many
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documented &®s of changas animal communitiegosteret al., 2014 Hobbs, 1996
Milchunaset al., 1998).

Ants are a majocomponent oanimal biomasand biodiversityin terrestrial
ecosystemgHolldobler & Wilson, 1990)and play a critical role in soil healfde Bruyn,
1999) and ecosystem functioning (Evahal., 2011).Theimportant role of ants in
ecosystems, and their ofteloge associatiowith soils (Bottinelli et al., 2019 and plant
communities (Andersen, 199bas led to their use asdicators of ecosystem health
(Anderseny& Majer, 2008Barton & Moir, 2015 de Bruyn, 1999). A major part of this work
has been the use of ants as indicatodisttirbance (Hoffmann & Andersen, 2063ng et
al., 1998 Read & Andersen, 200Q)articularly forgrazing Bestelmeyer & Wiens, 1996
Bromhamet'al:, 1999 Hoffmann, 2010Hoffmann & James, 2011).

There'is a substantial literature on esdponses to grazirigathas collectivelyshown
locationspecific and speciespecific responses are comm@ng.Bestelmeyer & Wiens,
200% Bromham et al., 1999; Hoffmann, 20ead & Andersen, 20Q0Vhitford et al .,
1999).Significant effort, therefore, has beewestedn the search for general responeés
ants to disturbance and their use as bioindicators.hBEsideen aidegteatlyby the use of
ant functional groupsnodelled afteplant disturbance responses suchliagtirbance-
opportunist peciesor distubancesensitivespeciefAndersen, 1995, 199/ mpirical
studies and reviews of this approach have supported the use of ant functionalrgroiaps
asprovidinga usefulframework for building predictions abopibtentialant responses to
disturbances, includingrazing regimegHoffmann, 2010Hoffmann & Andersen, 2003).
However important knowledge gaps remain, including the context dependence of ant
responsefHoffmann, 2010)and the relative importance of fuseale environmental features
in influencing anresponsegYateset al., 2011).

In this study, we examined amssemblagefrom sitesin a largescalegrazing
experimenin.a.témperate agricultural region of southeastern Austf@iliaobjective was to
examinetherelativeinfluenceof a suite of grazing, planénd soil variablesnants with the
aim of bettersunderstanding which variables drive patterns of ant diversity in this region
currently_using grazing management to achieve biodiversity restordfesplit our
objective intetwo mainquestios: (1) how doedivestockgrazing and environmental
variationaffect the abundana® species richness of functional gro@psl common species
of ant? And, (2) how does livestogkazing and environmentaériationaffectant
assemblageomposition? Previous syntheses of ant responses to grazing haveesitgs

disturbance by grazing might be less important for structuring ant communitiesatusal
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variation in vegetation and s@gHoffmann, 2010Hoffmann & James, 2011). Put another
way, the presence of livestock might not be as important as the presence of key habitat
attributes in determining the compositiohant communities. Wenhereforeinterpreted our
findings in light ofthisrecent synthesis, as well as tfeneralised responses of ant functional
groups tordisturbance and the environment described by Hoffman and Andersen (2003).
Specifically, we predicted that opportunists (eRipytidoponera spp.) would respond

positively to grazing distudnce (if any response), whereas other functional groups would
show positive associations with features of the environment, such as cryptic species (e.g.
Solenopsis spp.).preferring areas with leaf litt@offmann & Andersen, 2003We discuss
how our findings might inform biodiversity monitoring temperatdandscapes being

restored via changdivestockgrazing regimes.

METHODS

Study area and design

Our studyareawaslocated in southeastern Australia, and covers an area approximately 100
km east to west@nt’0 km north to soutfFigure ). Within this area97 sites were
establishedluring 2010-2011 on 29ffierentfarms. All sites were locatad Red gum
(Eucalyptus blakelyi) - Yellow box Eucalyptus melliodora) grassy woodland, which is
characterisedsoy a heterogeneous distribution of eucalypt trees interspersed by sgh@ndgra
(Figure S2. This type of grassy woodland was once widespread in southeastern Australia,
but is nowa critically endangered ecological commuréty ithas been greatly modified and
reduced in extent due to agricultural practices including grdklicgntyre et al., 2014).

Farms were grouped intbree blocks, each representing a historical grazing practice of
either (i) continuous grazing, (ii) loAgrm holisticgrazing(rotational grazing fogreater

than 10 years)r (iii) shortterm holisticgrazing(rotational grazindor less thariive years)
Farms withcontinuous grazing allow livestock access to sites all year roumeteas farms
with holistie'grazing typically rotate higher numbers of livestock through siteobat

limited durationOn each farnsites were establishedth one of threalifferenttreatment:

() grazingsexclusion(ii) stewardshipand(iii) ‘business as usual’. Sites with grazing
exclusion were,not grazed by any livestoSkewardship sites musbtbe grazed fothe six
months of the year during spring and summer pemsdsariof a contractual obligation to

the Environmental Stewardship Program of the Australian government (Lindenehalyer
2012). The businesssusual sitezontinuedgrazingin line with the usual practices of the

farm (viz. continuous grazing, longrm holistic orshortterm holisticgrazing. In thelong
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term these grazing treatmemdll be used to assess the effectiveness of the Australian
Government Environmental Stewardship Program for a range of different biota

(Lindenmayer et al., 2012).

Grazing andenvironmental variables

The predominant domestigestock grazingonfarmswas bysheepOvis aries and cattleBos
taurus. Two measures oflestock grazingressuraevere obtained foeach siten the
previousl2 monthsas reported by individual landholdefhese data wengsed togenerate
grazingvariables that werased inour analyses(i) Number of days grazed per year; and (ii)
Annual stoeking rate. Annual stocking rate was calculated by multiplying @entohberof
stock grazing‘on a site by the number of days they were present, and dividing by the area of
the site (hectares), and then 365 to give a value per day. Livestock numbers were first
standardised to ‘dry sheep equivalent’ to account for differencesdiesheep and cattle
Dry sheep equivalent is a standardised measure of feed requirements that allows for
comparisons of carrying capacity among different kinds of livestock (Mclaren, T9%8e
two variables.were used to represent differences in grazing between the treatments

established,on.each farm.

Field surveys.were conducted on each giteing January and February 2GbZollect data
on groundiayer ecologicaVariables. Sites consisted of a 40 x 200ired monitoringarea
(0.8ha).Nested \ithin each sitavere twosmallermonitoringquadrats Z0 x 50m) for
measuring vegetatiorariables. These plots were located-&00n and 150-200m along the
monitoring site Within each of these 20 x 50m plots, a#ld stems were recorded to 10cm
diameter classg&indenmayer et al., 20123 50m transect was located down the centre of
eachplot with biometricmeasurement&sibbonset al., 2008) taken evemnetreto assess
ground layer.native and exotic grass cover, and leaf litter cover. In addition, dayend-
plantbiomass'was assessed using a rising pkséure meter to determine averageghtof
ground cover-presenkifip’s ManualFolding Plate MeterJenquip New ZealandCorrell et
al., 2003).

Soil core samples were collectedery 16.5m (n=12) along tlentre of the200mtransecof
each site. 8il bulk density coresampleg10cm diameter x 5cm height steel ring®re taken
at 05cmsoil depth followingcarefulremoval of any surface plardand litterbiomassresent.

Following collection samples 14, 5-8, and 9-12 were pooled togetteprovidethree
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165 bulked samples per depth per ggee Figure S1Analysis was performed for each of the
166 three sampleper site, and an average was then taken to give-sitperalue used in

167 subsequent analysesamples were air dried at 5for 48 hprior to processing and bulk
168 density was calculatesh a sub-sample dried at 1%05for 48 h.Air dried samplesvere

169 subsequently-erushepassed through2mmsieve and retained fdiurtherchemical

170 analysisThe> 2mm fraction was separated into organic and erganic componenisnd

171  weighed andthen discardétal carbon and itrogenwas determined witbumas

172 combustiomanalysig(Vario Max, Elementay Germany) (Matejovic, 1997).

173

174  Ant sampling

175 We sampled antssing pitfdl trapsthat were 250 ml plastic jadkg in flush with the ground
176 surface and halffilled with a non+toxic polyethylene glycol solutiorEight traps were placed
177 in each site, with foutrapsat the corners of a 5 x 5m squateach end of the sitand

178 deployed for two weeki;m December 20110 collect groundactive arthropodsThreeof the
179 eighttraps'were randomly selectadd had their ants removed audted with thesedata

180 pooled to give.ene sample per sid.sampling approaches have thimitations, and we
181 recognise that.our sampling approach favoured spatial replication over samplingyintens
182 within sites, and favoured the more active species of the ant community.

183 All ant specimens were sortéal subfamily, genysand specie®r morphospecies) by
184 specialisiat the Australian MuseunsydneyWe placed eachnt species into a functional
185 group using the classification scheme describedrmersen1995, 1997)seeTable S).

186 These werg(i) dominant Dolichodanae, (ii)subdominant Camponotiniii) generalist

187 Myrmecinag (iv) lopportunists,\() hot climate specialists, (vEryptic specis, and (vii) cold
188 climate specialists

189

190 Statisticalanalysis

191 A subset of*78%0f the 97 possible sites had the full complement of soil,grazitjg and ant
192 data collectedyand these sites forrtielbasis of all subsequetdta analysidt is well

193 establishedthdivestock grazing can affect soils and plaffbbottet al., 1979 Yates et al.,
194 2000), andverecognised that this might lead to confounding of grazing and environmental
195 effects on ants. Wihereforeused multivariate analysis of variangMANOVA) to test for
196 the effect ofpastgrazing history on the eigieinvironmental variables, but found no

197 significant overaleffect(Rao F = 1.34, d.f. = 2, P=0.182). This is not to say that past grazing

198 has not haany effect on these variables, but that variation among sites within these broad
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groupings was not substantially different from variation among sites acrosazatigyr
histories. V¥ performed grinciple componentsraalysis (PCA)f theeightplantand soil
variablesand two shortermgrazing variableso identify potentiato-linearity among
variablesand broad gradients in environmental variation (Gotelli & Ellison, 2004)used a
correlation matrix of the dats the plantsoil, and grazingariables were quantified using
different methods and units.

Question 1: How does grazing and environmental variation affect the abundance
and species richness of functional groups and individual species of ant? We addresse
thisfirst question by usingll-subsetgeneralised lineaegressiorio explore which set of
environmental and grazingriables best explagathe abundance and species richneshef
whole antassemblge andseparatdéunctional groupsas well aghe abundance @ome
individual speciesFor each modeive useda quasifoisson error distributioanda
logarithmic link functiorfor ant responseariables. Our explanatory variables included the
three grazing variables (included grazing history, daggeyl per year, stocking rate), three
soil variables (soil bulk density, C:N ratio, fraction organic material >2mm) and five
vegetationvariables (number of tree stems, grass biomass, native grass cover, exotic grass
cover, leaflitter.cover)We weightedour models using the Schwarz Information Criterion
(SIC) (Schwarz, 1978)and present theesttwo candidate models.llAmodels wereun using
GenStatl6 software(VSN International, 2013).

Question 2 How does grazing and environmental variation affect ant assemblage
composition? To addresshis secondjuestionwe usedhreedifferent multivariate analgs.
First, we useda multi-response permutation proced(ixRPP) to test for a difference in ant
assemblage composition among the three grazing history biduksest compares the
averageamongsite similarity within each groupvith the overall similarityamong alkites
with greater withingroupsimilarity indicating samples awdistinct from the overall set of
samplegMcCuné & Mefford, 2011Zimmermanret al., 1985). Second, we used partial
Mantel testgMeCune & Mefford, 2011Sokal & Rohlf, 1995) to test the null hypothesis of
no correhtionshetweemmongsite ant assemblagémilarity and amongsite variation in a
second matrixditherenvironment ograzing) while controlling for a third matrieither
environmentor,grazingThis test enabled us to examine the independent effects of either the
environment or grazing, while controlling for variation in the other. We also testad for
correlation with geographic proximity to see if there was any evidence of spatial
autocorrelation in our ant data among sikas. these testsve usedBray-Curtisdistances

(Bray & Curtis, 1957For ant data, and Euclidean distant&sour environmental, grazing,
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and geographic (easting/northing) variables, and determigeiicance using 9999
permutations of the dat&@hird, we usedCanonicalAnalysis of Principal Coordinaté€AP)
(Anderson & Willis, 2003) to examine how variationaint assemblageompositionwas
explained byvariation inour grazing and environmeitvariables This ordination technique
uses correlation'with continuous variables (our grazing and environmaritdle$ to
constrainaxes ofvariation in ant assemblage compositttarived from Principal Coordinates
Analysis(metric multidimensional scalinglAnderson & Willis, 2003)We then used a
biplot to identify which ant species were strongly correlated with vamiaiioong our sites.
Forall our multivariateanalyses, we removed singletons and sqru@retransformea@nt

abundance,data to reduce the influence of highly abundant species.

RESULTS

Variation in grazing and the environment

Principlecomponents analysieduced our 10 vegetatiospil, and grazingneasures to three
newaxes thaaccountedor approximately 6% of total variationin these variablegrable 1).
The firstaxis(P€1)had a high negative loading fgrass biomassnd positive loadingfor
leaf litter, number of trestemsandC:N ratig and indicates that most variation among sites
can be attributetb co-variation among these variables. The sign of these loadiags
indicate that grass biomass dese when litter, tree stem&nd soil CN ratio increase.

The second axis (PChpada high negative loading fdarge soil organic fragmentand
positive loadings fosoil bulk density and native grass cover. The sign of the loadings
indicated that the soil organic fragments decrehadensoil density and nativgrasscover
increasd. Notably, the third axi@C3)hadhigh positiveloadings fo exotic grassover and
both shorttermgrazing measuregdicating these variables-varied with each other (but

not with the other plant and soil measures).

Question I=Antifunctional groupsand individual species

We collectedB7species of ant (2@61individuals) from78 sites(Table ). The most
speciegichsgenera were theidomyrmex (13 species)Monomorium (11 species)
Melophorus (10,species)Camponotus (9 species)andPheidole (9 species)and themost
abundant speciagerelridomyrmex rufoniger, Pheidole sp B Monomorium sordidum, and
Rhytidoponera metallica. Functionally, the generalistynmecireswere the most diverse

functional groug22 species)followed by the dominant dolichodeeis(14 species)
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266 All -subsets generalised linear regression reveadetic perenniafjrass cover to be the
267 best predictor of the abundanceapecies richness of the whole ant assemblage (Table 2
268 Fig 1a, 1b). Soil C:N ratio was important for the abundance of the subdominant Camponotini
269 (Fig 2a), the species richness of opportunists, and the abundance of the subdominant
270 Camponetini;dominant Dolichoderinae and cryptic species. Leaf litter covenwas a

271 important predictor of the ahdance of cryptic species (Fig 2b). Annualc&ing rate was

272 found to bethe single most important predictor of the abundance of cold climateisigecial
273 (Fig 2c). Fer individual species, theest models were more complex than for functional

274  groups. Although all best models of the individual spetiad at least one environmental
275 predictor, seven of the eight models also had a grazing predictor, with grazing history the
276 most commonly selected variablor example, the number of days grazed had a negative
277 effect onlridomyrmex rufoniger (Fig 3a). Native grass covein addition to gramg history,

278 hada positive effect othe generalisRhytidoponera metallica (Fig 3b). The opportunist

279 Nylanderia spA was the only individual species that had no grazing variable in the best
280 model and\was negativelysaiated with the number of tree stems &6 Additional

281 details of medels are given in Tables S3 and S4.

282

283 Question 2:"Ant composition

284 We found that-ant assemblage composition was weakly significantly different among sites
285 grouped by grazing historfRPP. T =-1.97, A = 0.007, P = 0.037), but that pairwise

286 comparisans between grazing blocks were not significant (P > 0.05).

287 PartialMantel testéndicateda significant correlation between agsemblage

288 composition and environmentahriationwhen cotrolling for grazing(r = 0161, P= 0.002),
289 and geographic proximity (r = 0.156, P = 0.002). We also found a significant correlation
290 betweerant. composition and grazing when controlling for the environment (r = 0.176, P =
291 0.012). Notably,'no significant correlatiaras observed fogeographic proximity when

292 controlling*ferthe environmenta(r =-0.045, P = 0.206)lhis shows there was structuring of
293 the ant communityy both the environment and grazibgt notby geographic proximity.

294 The firsttwo axes of the principal coordinate analysis explained 14884.1.2%of

295 the variation‘in,ant species composition respectiv@bnstraining these axes by the eight
296 environmental antvo grazing variables (Figu4) revealed thamost of the environmental
297 variableswere more strongly correlated widariation in the ant community than the grazing
298 variablesIn particular, grass biomass and leaf litter cover were strongly correlated with ant

299 assemblage structure along the axis 1, but in opposing directiomkarfy, native and exotic
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perennial grass cover were strongly correlated, but in opposing directions, witlomanat
ant composition along axis 3everalantspeciesverestrongly correlatewith the ordination
axes and thus representative of distinct assemblages among ouFgite® 4). The
generalisMonomorium sordidum andthe Dominant Dolichoderinkeidomyrmex purpureus
were positively-correlated with axis one, and tbluaracteristic of assemblagesind d stes
with higher leaf litter The gportunistRhytidoponera metallica, generalismmyrmecine
Monomoriumrothsteini, and dominant dolichoderirieidomyrmex rufoniger had strong
positive carrelations with axis twand thus characteristic of assemblaggsociated with
sites with higher native grassver. Notably,ltecold dimate specialistHeteroponera
imbellis wasthe.only species strongly negatively correlated with both axes 1 and\®aand

characterigtic/oflassemblages associated with higher exotic perennial grass cover.

DISCUSSION

In this studywe examined thanfluence of livestock grazing and environmental variation on
ant assemblages from siiesa temperate agricultural region in southeastern Austf@ilia.
resultsprovidesequivocal suppofor theglobal prediction that soil and vegetation have a
greater effect.on ant community composition than grazing (Hoffmann; B@ffonann &
James, @11).This is becauswe found that grazing history, stocking rate, and days grazed
per yeawerealso importantor ant abundance, specrshnessandcompositional variation
among Ssites, and suggests a more nuancedoraleese different aspects of grazing pressure.
Below we discussur findings in light of the combined effects of the environment and
grazing, andhe implications of our findings for using reduced grazingsboreant

communities.

Environmental variation isa key driver of ant community structure

We foundthatat least onenvironmental variableccurredin all of the best modelse
constructegexcept for abundance obld climate specialistg his includes the whole ant
assemblageydifferent functional groups and individual species, and denestis&atverall
importancesof plant and soil attributes on ant community strudtugenotable that exotic
grass coverwas an important driver of the abundance and richness of the whole ant
assemblagepptentiallyinfluenced byoutliers Fig 1a), but was not important for functional
groups of individual specie$his higher level response of the asadmmunity, butnot
functional groups of individual speciesjggests that exotic grass cover could be a general

predictor of simpler ant communities with lower diverstur constrained ordination
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showed thagrassbiomass and leaf litter cover were strongtyrelatedbut in opposite
directions) with thestrongesgradient in ant compositional variation (axis 1, Fig.This
variationis typical ofthe structure ofirassy eucalypt woodlandshere eucalypt trees are
interspersed witpatches of grasslarifates & Hobbs, 1997). The heterogeneous structure
of grassywoodlandsherefore appears to be an important drivesvarallassemblage
compositionas well akey functional groups. For example, the abundanagygitic ecies
was best explained bgaf litter (Fig. 2b), which igheir preferred habitaiBestelmeyer &
Wiens, 1996Hoffmann & Andersen, 2003).eaf litter cover alsovaspositively correlated
with the number of tree stemasnd soil C:N ratio. The abundance of the subdominant
Camponotini was positively associated with C:N ratio, indicating they prefewwesl m
wooded areas. In contrabBlylanderia spA (an opportunist) was negatively associated with
the number of tree stems, indicating they prefer more open areas, and this was supported by
our ordination showing a correlation between sites characteriddg dnyderia and higher
grassy biomass and native grass cover.

A secondmportantenvironmental gradient was obvious in our constrained ordination,
and wagepresented by eéhange from high exotigerennial grass to high native perennial
grass cover. Sites with high native grass cover were characterised by the occurrence of the
opportwist Rhytidoponera metallica, whereas sites with exotic grass cover were
characterisedsby the presence of the cold climate speélatsioponera imbellis. Notably,
we also found that exotic grass cover was the best predictor of the abundance arglafichnes
the overall ant community. However, this variable alsscorrelated with the two short-
term grazing measures, and highlights the difficulty in separating these confonddsw a

linear measures.

Effects of grazing

In addition'to.environmental effects, we also found compelling evidence of bothelong-
(grazing historyeffectsand shorterm (days grazed, stocking raéfjectsof grazing on ant
assemblages=Grazing histpsyocking rate, or days grazegrefrequentlyidentifiedas
important predicte of the abundanaw species richness ant functional groupwe
examinedbut not the whole community). It has been suggested that coarse rasgtncse
such as abundance or richness are often not suitatiletecting the responses of ants to
grazing as they can mask the responses of individual species within the assemblage
(Hoffmann, 2019 However, ve akofound a significant (albeit weak) difference in ant

assemblage composition between the three grazing history bRadtsgrazing practices
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therefore appear to be an important driver of differencaatiassemblags.Variation in
grazingpressure was also correlated witiriation inant assemblagsompositiongven after
controlling for environmentatariation indicating it has a separate effect in addition to the
environment.

Werfound-that eight of the nine individuait speciesve analysechadat least one
grazing variable in the best mod®instructed for them. This is more than the general
predictionthat approximately one quarter to one third@inmonant species Wi display a
respone taigrazingHoffmann & James, 2011), although it was to possible to examine all
species. Further, the specfeswhich grazing was important were from a mix of functional
groups, and not just opportunists as might be expected. For example, we found that
Iridomyrmex rufoniger, a dominant dachoderine had a negative associatiasith the
number of days grazedhis contrasts with Lindsay et 42009), who found a positive effect
of grazing on dominant dolichoderines (l:@domyrmex spp.) in grassy woodland remnants,
althoughtheir resultmay have been driven by a different speciesidbmyrmex. These
apparently.idiosyncratic yet commogsponseto grazingmay be due to the different
measures of.grazing usedaar study compared with others (e.g. fixed treatments vs.
continuousimeasurgr other interacting disturbances that may not be ateddor, such
as fire history(Foster et al., 2004A key conclusion from our study is that both historical
and contemperary grazing practices appear to be important for shaping ant communities, but
that these different measures of grazing may each be important in distysctMae builds
on other studies of grazing imgia on antge.g.Bestelmeyer & Wiens, 1996loffmann &
James, 2011) by demonstrating that a single measure of grazing may be insufficient to
characterise it;fluence on insect biodiversity.

Implications for biodiversity restoration

We have.shown'that grazing, vegetation and s@i® important drivers aint community
structure However, i remainsunclear the degree to which historigahzingpracticesmay

have altered-the environment in our study area, and we found limited evidence of diferenc
in key environmental variables across the three broad grazing history blocks imdyur st
design. However, our principle components analysis did identifinearity between exotic
perennial grass cover and shtatm grazingneasures, suggesting soimmgportant
confoundingamong key grazing and environmental varialkegs well established that

grazing changes soil and plant community attributéikcfiunas &Lauenroth, 1993Yates et

al., 2000), and the impact of grazingtemperate eucalypt woodlankiaspreviously been
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402 demonstrated (Bromham et al., 1988dridgeet al., 2011 Prober & Wiehl, 2011)In

403 contrast]ittle is known about the historical diversity patterns of amtemperate woodlands
404 of southeastern Australia, and idficult to conceptualis@ppropriate restoration godts
405 ant communitiesWhat is clear, is that restoration actions that tamggictions in livestock
406 grazing shouldslead to improved tree regeneratiascheret al., 2009) subsequent increases
407 intreedensities and leaf litter cover, and improvedive ground cover argbil organic

408 content (Prober & Wiehl, 201Yates et al., 2000). This will benefit some ant functional
409 groups over others, such as cryppedes associated with litter and soil processes, and
410 generalist myrmecines and subordinate camponotked tomany otheecological

411 processeéBestelmeyer & Wiens, 1996olgarait, 1998Hoffmann & Andersen, 2003).

412 Monitering.of ant communities to understand the benefits of changed grazing regimes
413 to restore biodiversity should consider the historical context of gazing, contempomng gra
414 pressureas well aghe many underlying effects of plants and soils. A Kellenge for ant
415 biodiversity restoration in grazindgeminated landscapes will be disentangling grazing from
416 environmental effects, and aligning this knowledge with restoration goals thaiocus

417 returning beth.ant biodiversity and their ecological functions.

418
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436 Table S3. Summary ofegression models aint functional groups.
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568
569 Table1l. Summary of principal component analysis of eight environmental and two grazing

570 variables Variables with strong axis loadings are shown in bold.

PC1 PC2 PC3

Mean groundayer biomasgkg/ha) -0.454 0.087 -0.148
Leaf littercover (%) 0.518 -0.051 -0.018
Number of tree stemer ha) 0.451 0.102 0.063
Soil C:N ratio 0.482 0.022 -0.164
Soil organidfragmentg% > 2mm) 0.048 -0.675 0.099
Soil bulk density(g/cm®) 0.131 0.533 0.027
Native perennialgrass cover (%) -0.196 0.397 0.181
Exotic perenniagrass cover (%) -0.151 -0.262 0.407
Annual stocking rateiyestockhalyr) 0.054 0.093 0.613
Days grazed'péer year 0.080 0.066 0.601
Percentagewvariatioexplained 30.740 17.160 14.700

571

572

573
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574 Table2. Summary ofgeneralised linear models with top two models of environmental and grazingesdabcribingheabundance and

575 species richness the wholeantassemblageant functional groups, and individuattspecies

Best Model Second Model
S[e R? Variables® SIC R? Variables®

Whole assemblage =~ Abundance 81.12 8.61 EPG 82.28 12.57 EPG+ASR

Species richness 88.31 11.55 EPG 88.88 15.70 NPG+EPG
Subdominant Abundance 79.52 9.31 SCN 81.27 12.57 SCN+DGY
Camponotini Species richness 87.59 17.70 SCN+ASR 86.54 23.61 SCN+ASR+DGY
Opportunists Abundance 93.45 39.86 TS+SD+NPG 94.29 42.59 TS+SO+SD+NPG

Species richness 84.24 31.28 SCN+EPG 87.66 32.13 SCN+EPG+ASR
Cryptic species Abundance 81.41 11.20 LL 82.52 9.86 GB

Species richness 76.91 4.77 SD 77.14 4.46 LL
Dominant Abundance 91.84 21.44 GH+SCN+SD 93.24 24.68 GH+SD+EPG+DGY
Dolichoderinae Species richness 83.25 11.91 GB+DGY 83.43 17.07 GB+NPG+DGY
Generalist Abundance 88.60 34.64 LL+SCN+SO+ASR 90.15 37.33 LL+SCN+SO+EPG+ASR
Myrmicinae Species richness 85.58 6.68 NPG 85.64 11.83 TS+NPG
Hot climate Abundance 86.49 13.61 GB+DGY 87.21 17.82 GB+TS+DGY
specialists Species richness 80.65 5.35 NPG 81.64 9.70 NPG+EPG
Cold climate Abundance 75.10 8.34 ASR 7715 5.51 DGY
specialists Species richness 7517 5.22 SO 75.52 4.72 NPG
Individual(species Rhytidopoera 102.79 54.67 GH+TS+SO+SD+NPG 103.30 57.04 GH+TS+SCN+SO+SD+NPG

metallica

Iridomyrmex 91.37 28.88 GB+LL+SCN+DGY 89.45 35.22 GB+LL+SCN+EPG+DGY

rufoniger

Iridomyrmex 93.97 41.07 GH+LL 92.19 45.74 GH+LL+NPG

purpureus

Monomorium 98.84 54.04 GB+LL+SD+ASR+DGY 98.88 56.73 GH+GB+LL+EPG+ASR

rothsteini
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576
577

Monomorium
sordidum
Pheidole spB
Nylanderia spA
Notoncus
ectatommoides
Camponotus

consobrinus

100.54

96.45

85.27

82.46

95.29

65.04

36.97

16.98

13.35

53.32

GH+LL+SCN+SO+NPG+ASR
GH+SCN+NPG+EPG+ASR
TS

GB+DGY

GH+GB+LL+NPG

101.61

96.59

83.38

83.03

96.98

64.47

36.84

23.70

12.65

55.08

GH+LL+TS+SCN+SO+NPG
GH+SCN+SO+EPG+ASR
TS+SD

GB+ASR

GH+GB+LL+SO+NPG

AGH=Grazinhg history, GB=Grass biomass, LL=Leaf litter cover, TS=Tree stem count, SCN=Soil C:N ratio, SO=Soil organic fragments > 2mm, SD=Soil bulk density,

NPG=Native perennial grass cover, EPG=Exotic perennial grass cover, ASR=Annual stocking rate, DGY=Days grazed per year
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580 Figure 1. Fitted modelshowing the relationship betweparcentagexotic perennial grass
581 cover and (a) the abundance andsfi¥)cies richness of tleatassemblagePredicted values
582 are plotted on the original scale.
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587 Figure 2. Kitted.modelshowing the relationship betwesail nitrogen, leaf litter and

588 stocking ragwvariablesand the abundance of (a) subordinate Camponotini, (b) cryptic
589 species, and(c) cold climate specialists, respectiidicted values are plotted on the

590 original scale.
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592 Figure 3. Fitted'modelshowing the relationship betwegrazing and environmental

593 variables‘and the abundance ofl¢ajomyrmex rufoniger, (b) Rhytidoponera metallica, and
594 (c) Nylanderia spA. Predicted values are plotted on the original scale.
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597 Figure4. Canonical Analysis of Principal Coordinates ordination showargtion inant

598 species caompositiommong sites (crosses) and strength and direction of correlations of
599 constraining environmental and graziayiables darkarrows) Individual ant speciegblack
600 dots)strongly correlated witkheaxesin each quadrant of the ordination are also shown to

601 indicate their relative influence on species composdimongsites.
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