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Summary

The varied habitats of arid Australia have a diverse and specialised fauna that have evolved a
range oflife history strategies to persist in this arid environment. Desert river floodplain
habitats are geomorphologically distinctive from their Am®@sic counterparts. For surface
dwelling animals in these floodplain habitats, persistence is a todfidbetween the
advantages of relatively abundant food resources and the costs of episodic surface
disturbances from infrequent, but unpredictable, rainfall. Riverine environments, as a whole,
are threatened by invasive C4 grasses and dramatic changes in fire se¢gdowe terrestrial
species persist in these highh 31 KI oAUl Ga Aa y20 #idhdis dzy RSN
slateri, is a desert floodplain specialist, and it is endangered; the species has been recorded,
relatively recently, at floodplain sites wherenow no longer occurs. Land managers and
ranger groups are investing in conservingslaterj but both ecological knowledge of, and

survey protocols for the species are limited.

In this research, | sought to understand hbwslaterpersists in disttbanceprone floodplain
habitats. | focused my research on one population at Orange Creek. My aims wge to
develop survey methods specific ko slaterj and(b) use these methods to investigate the
spatial dynamics, burrow occupancy, and fswle haitat use of a local population over four

years.

| explored the use of photographic identification for slateriand compared the matching
abilities of independent observers using a multoice keywith an automated computer
algorithm, on a set of tesphotos. Whileneither independent observers nor computer
matching had 100% accuracy, both systems sufficiently replicated my identifications,
demonstrating the reliability of the technique for smaller populations. Future studies might
consider using a conmmation of the two methods for individual identification of larger

populations.

| investigated temporal activity patterns In slaterj with the aim of increasing detectability

in observational surveys. Classification and regression tree (CART) modelsiseéer on
repeated count data of individuals within a populatj®a correlate weather conditions with
skink counts. Two weather variables, air temperature and humidity, influenced activity levels,

but there was no consistent set of covariates that relyabxplained surface activity. Tée

iv



data suggest that lizards respond to different weather conditions at different times of the day.
| also found evidence of previously unreported nocturnal activity during the hottest months

of the year.

In tracking the satial dynamics of a population of over four yearfound evidence of a small

and highly mobile but site stable population, with spatial clustering of burrows into local
Wy SAIKO 2 dzNK 2 2 R & Q dterrh residénaeSoNiktiviRual ahdi | sherrh e
burrows by multiple lizards at the site. Frequent movements within and among
neighbourhoods, and regular new burrow construction, suggest a population capable of local
dispersal in the event of high intensity disturbance. Dispersing individuals sante
neighbourhoods may act as recolonization sources in the event of a flood extirpating the core

population.

Using the spatial dynamics dataset, | characteriseddoade habitat use df. slateriwithin

the broader floodplainEremophila sturtiand Hakea leucopteravere strong indicators of
L.slateri occupancy. However, skink occupancy did not appear to be restricted to this
vegetation assemblage, suggesting thaslaterimay be moderately flexible in its choice of
habitat. Strong correspondence heten buffel grass and lizard occupied areas, suggests that

this invasive grass may be a considerable threat. tslaterhabitat.

The findings of this research have greatly increased our knowledge of the ecolaggtaiér;

and our ability to effectiviy manage this endangered species.



Declaration

| certify that this thesis does not incorporate without acknowledgment any material
previously submitted for a dege or diploma in any universitgnd that to the best of my
knowledge and beliefit does notcontain any material previously published or written by

another personexcept where due reference is made in the text.

JEZM s

Claire Treilibs

31 March2017

Vi



Acknowledgements

This PhD research was funded by an ARC Linkage grant (LP11010000&&)olation with
Flinders Universitythe Northern Territory Departmiet for Land Resource Managemeatd
the South Australian Museum.h& NT Resources and InnovationaBl contributed to
funding for the field component. During my candidaturevas supported byn Australian
Postgraduate Award from Flinders University. The NT Department of Land Resource

Management and the CSIRO kindly provided facilities for me in Alice Springs.

Sincere thanks to Mike Bull and Chris Pavey for their supervision, guidance and
encauragement through the project.am grateful for their tuition and general wisdom, which
they deliveredwith enthusiasmand good humour. Thanks also Mike Gardner andark
Hutchinson foradvice and guidangeand Simon Ward and Alaric Fisher for suppartine
project | am profoundly grateful toCatherine Nano and SathyamurthyRaghy who
generously contributed their time and statistical expertise to thesearchand to my
education. Special thanks must go to Chris Pavey and Catherine Nano for theitingsti

support and friendship throughout all.

This project beneféd greatly from early discussions with those with local knowledge about
Liopholis slateriand who took me out to population sites: Andrew Schubert, Gareth Catt,
Peter McDonald, Aaron Fean Bill Low, Rachel Paltriddgetyentye Apurterangers, Gerard

Lesselsand the Tjuwanpa rangers.

| am grateful to thosevho helped with field workCatherine Nano, Peter McDonald, Alistair
Stewart, Grant Allen, Marg Friedal, Ben Kaethner, Marg KaetRose and Vern Treiliband
Jordan de JondPeter Nunn, Rob Jansand staff at the Alice Springs DesearlPgenerously
collected data and shared observations from theslatericaptive populationThanks also to
Aaron Fenner for many trips from Adelait® demonstrate field capture techniques and

procedures to meand for kindly sourcing field equipment and materials.

Many other people contributed their technical capabilities. Andrew McGrath and Wolfgang
Lieff from Airborne Research Australia diverte@ithflight path to acquire high resolution
aerial imagery over the study site. Mina Ansari genotypedlateriscats. Sarah Pearson

demonstrated DNA extraction and PCR procedures to me. Raphael -Rugsgstone

Vil



donated hours of his timé& my remote-student IT issuedNigel Willoughby andéen Clarke
assisted with database design queries. Flinders University lizard lab mates Steph Godfrey,
Aaron Fenner, Julie Schofield, Stephan Lk&lehregan Ebrahimi, Jess Clayton, Leili
Shamiminoori, Jordan de Jong, JaBiadley, Dale Burzacott and Sarah Pearson offered

helpful advice on technical aspects and on doctoral survival.

Many colleagues in Alice Springs contributed their expertise and assistance in various forms
and at various stages of the project. In particutaank you toSimon WardPeter McDonald,

Jane Brim Box, Jeff Cole, Alistair Stewart, Robyn Delaney, Jason Britten, PaisHaalsen
Barnetson, Glenis McBuie, Glenn Edwards, Jaimie Moore, Paul Box, Grant Allen, Coral Allen,
Sheridan MartinBill Low Lauren Young, Gary Bastin, Marg Friedal, Steve Morton, Christine
Schlesinger, Rachel Paltridge and Wendy Stuart.

Thanks also to the skink identification observers for taking the test: Rosiibs, Bn
Kaethner, dssHarries, AisonJackson, &er McDorald, SimonVNard, lisaDoucette, Mitasha
CadenheagMarica Rumbacic, Rebecca Glen, Caiti Read, Beth Woodward, Ellenie Pond, Chris
Halacas, Nick Randles, Kirrily Douglas, Peter Nunn, Lauren Young, Siestairt, Thalie
Partridge, Jo Hodgetts, Lindsey Lgford, Tristan Simons, and Michelle Armistead. Ellenie

t 2y R NBjdzSaiSR GKId L YSyldirizy KSHREBERESNHNOS R

observer.

Finally, thank you to Anthea, Matt and Evie for keeping things in perspective, to Ben for being

a paient, caring and supportive partner, and to my pareifits their love and support.

viii



Candidate contribution to manuscripts

Fourchapters of this thesis have been modified from manuscripts prepared for submission or
published in peereviewed journals. Gauthors of these manuscripts have given their
permission for the work to be included in this thesis. The relative contributions from each

co-author are shown for each manuscript.

Chapter 5

Treilibs, C.E., Pavey, C.R., Hutchinson, M.N. & Bull, C.M. RBd®graphic identification of

individuals of a freganging, small terrestrial vertebrat&cology and Evolutio6, 80Q;809.
CET 75%; CRP 10%; MNH 5%; CMB 10%

CET collected the field data, developed the key, designed the identification test, analgsed th
data, and wrote the manuscript. CRP advised on test procedures and reviewed the
manuscript. MNH advised on field work. CMB suggested analyses and reviewed the

manuscript.

Chapter 6

Treilibs, C.E., Pavey, C.R., Raghu, S. & Bull, C.M. (2016). Weathlatesoof temporal
activity patterns in a desert lizard: insights for designing more effective surdeymal of
Zoology 300, 281¢290.

CET 70%; CRP 10%; RS 10%; CMB 10%

CET collected the field data, analysed the data, and wrote the manuscript. CRBtedgg
analyses and reviewed the manuscript. SR suggested and guided analyses. CMB reviewed the

manuscript.



Chapter 7

Treilibs, C.E., Pavey, C.R., Gardner, M.G., Ansari, T.H., Johnston, A. & Bull, C.M. (2016). Spatial
dynamics and burrow occupancy in a pap I G A 2y 2 F Lidpliolis (sI8t&iXTa bea 1 A Yy ]
submitted.)

CET 60%; CRP 10%; MGG 5%; THA 10%; AJ 5%; CMB 10%

CET collected the field data, analysed the spatial data, and wrote the manuscript. CRP
conceived conceptual basis, suggested analyses, areved the manuscript. MGG analysed

the molecular data and advised on the genetics sections of the manuscript. THA genotyped
the scats and summarised the molecular data. AJ extracted the DNA from scats. CMB

suggested analgs and reviewed the manuscript.

Chapter 8

Treilibs, C.E., Nano, C.E.M., Pavey, C.R., & Bull, C.M. (2018calnkabitat use of a

terrestrial desert floodplain specialist. (In preparation.)

CET 60%; CEMN 25%; CRP 5%; CMB 10%

CET collected the field data, analysed the data, and wrb& rhanuscript. CEMN gave
guidance on the experimental design, assisted with field work, ran the SIMPER analysis, and

reviewed the manuscript. CRP reviewed the manuscript. CMB reviewed the manuscript.

Each of these four chapters includes broader introdwtdi about the central themes and
guestions addressed, specific to each chapter. As such, the following general introduction is

relatively brief, aiming to place the study system in context of wider arid Australia.



Chapter 1.General mtroduction

| dz& G NI f AgiorQcavers T0%6 Rf thidBontinent, and hosts a unique and highly diverse
fauna (Barke & Greenslade 1982; Byrret al. 2008) Recent aridification events, starting
around 15 million years ago, created the conditions for the radiation and rapid diversification
of Australian arieadapted biota(Rabosket al.2007; Byrneet al.2008) Some of the deepest
divergences of arid taxa occurred at theset of desiccationaround 15 million years ago,
while other lineages recently expanded during the cycling of climatic conditions over the last
0.8 million yeargByrne2008. Phyogenetic studies of contemporary aratlapted species
suggestthat they have evolved either from ancestors in mesic habitats, or by speciating

rapidly within localised refugi@Byrneet al. 2008; Fujioka & Chappell 2010)

These evolutionary drivers have created an exceptional sityeof lizards in arid Australia
(Pianka 1994; Raboskyal.2007; Cogger 2014Comparedvith North American deserts that
are similar in size, Australia has a much richer lizard f¢8ohall & Pianka 1978; Morton &
James 1988)Australian sphenomorphine skinks, suchCiasnotusand Lerista have one of
the greatest vertebrate radiations of any continefRaboskyet al. 2007) These exnsive
radiations have occurred despite a relatively uniform topography with few geographic
barriers to promote speciatiofames & Shine 2000l.izard taxa occupy almost every desert
habitat, but have highest species richness in-noesic habitats, particularly spinifeXr{odig
grassland¢Pianka 1972; James & Shine 1988, 200K0¢ varigy of different arid habitat types
may partially explain the extensive speciation of lizards in arid Aus(Giiapplest al. 2004,
Shooet al.2008)

In contrast to the relatively uniform landscape, arid central Australia also contains several
topographically complex formations of inland rangese®f the most prominent formations

is the Central Ranges, which comprise the MacDonnell, Petermann, Mann, Musgrave and
Everard ranges of central Australia. During periods of aridification, these ancient landforms
were centres of persistence for biota, lated by the younger sandy deserts that formed less
than 1 million years ag@-ujiokaet al. 2009) These mesicanges were evolutionary refugia

that maintained a relatively stable thermal and hydric environment when climatic conditions
were otherwise unsuitabléHewitt 2004; Byrnet al. 2008; Peppeet al.2011) Today, these
inland ranges are refuges for r&lial species that were once more widesprg&yrneet al.

2008; Fujiteet al.2010)(see below).



1.1 Persistence in arid environments

The varied hhitats of arid Australia have a diverse and specialised fauna that have evolved a
range of life history strategies to persist in these habitats. Spatial patterning in landform, soil,
rainfall and vegetation, have created a mosaic of different habitat tyjped differ in
reliability of resources for consume(Shmidaet al. 1986; StaffordSmith & Morton 199Q)
Irregular resource supply has thus shaped a rarfgological strategies for fauna to persist

in arid environments.

9g2ftdziA2y I NB F2NOSa YR SY@ANRYYSyGlrf LINROS
survival. Aridadapted fauna may be habitat generalists or specialists, have high or low
vagility, hae long or short generation times, or high or low reproductive rg&suthwood

1988) For example, fauna with irruptive strategies, such as desert rodents, are able to rapidly
increase their numbers in times of uncertain resource supply, following(Raneyet al.

2014) In contrast to this irruptive strategy, nadic strategies, used by migratory waterbirds,

track resources as they change over spdedleret al. 2014b) In habitats where resources

are relatively continuous and reliable, such as riverine channels, species may msre

persistent, stable strategfStaffordSmith & Morton 199Q)

1.2 Diversification in aridadaptedLiopholis

The Australian scincid genwsopholis(within the Egerniagroup) has 11 species widely
distributed throughoutthe continent (Cogger 2014)Within this genus is a monophyletic
clade of five burrowing speciés: multiscutataL. kirtorei, L. inornata, L. striataandL. shteri
(Chapple & Keogh 2004; Gardredral. 2008) Liopholis multiscutataoccupies a range of
coastal tosemiarid areas, but the other four species are adapted for arid environments; they
burrow, have lower rates of water loss, and restricted diurnal exposure compared with
congeners that occur in more temperate arditenzell 1982)The monophyletic structure of

this group siggests these adaptations to aridity occurred only once within the group, probably



from a L. multiscutataike common ancestor from mesic areé@Shapple & Keogh 20Q4)
whichYl & KI @S -1 &R3 330 SWRIONEKI 2 (ByrNdetrl. 2008)yT ReAditrekg2néeiof
arid and mesic lineages inopholisoccurred around 48 million years ag@Chapple & Keogh
2004)

Of the four aridadapted members of the burrowinigopholiggroup,L. inornatal. striataand

L. kintorei,have large distributions within sandy deserts, ahd slateriis restricted to
floodplains of the MacDonnell Rang@sogger 2014)The restricted distribution df. slateri

within the refugial area of the Central Ranges suggests it may be a relictual species that, like
its arid group members, was once more widely distributedobe periods of aridification
(Henzell 1982; Chapple & Keogh 200v¢t the strategs that this species has evolved to

persist in these floodplain htats of the Central Rangese not well understood.

1.3 { | (i S Nmbpholis §lakexl |

Liopholis slatelis a viviparous lizard (Scincidae) that occurs in floodplains of ephemeral rivers
and low-order watercourses within the MacDonnell Ranges biogeographic region of the
Northern Territory. The species has been recorded, relatively recently, at floodplain sites
where it now no longer occurs. Consequently, in 2000, it was listed as Endangeiedthe
CommonwealthEnvironment Protection and Biodiversity Conservatioril880. A recovery

plan for the species was prepared in 2q@avey 2004a)

As a nationally endangered species, awareness of, and concerh. felaterihas grown.
Dedicated efforts over the past decade have resulted in several new population discoveries
(see Chapter 3)Lioplolis slateripopulations are found on Aboriginal Land Trusts, pastoral
leases and government owned land in the MacDonnell Ranges bioregion, and monitoring of
several populations is ongoing. Land managers and ranger groups are already investing in

conservimg L. slaterj but survey and monitoring protocols for the species are limited.

Multiple potential threats td_. slaterexist (Figure 1.1), but data demonstrating direct impacts
to the species are few. At the Loves Creek population site, cattle seveashpled the
channel banks and low vegetation of a tributary in early 2013, decimatistateriburrows

that were established in the banks (pers. obs). After the trampling event, in April 2013, there
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was no evidence of lizards occupying this area of tbpupation where they had been

recorded for the previous five years of monitori(faltridge 2013)

Floodevents are concomitant with the floegulse dynamics of ephemeral desert rivéBsinn
et al.2006) but how flooding affect&. slateripopulations is unkown. Predictions for more
frequent and intense rainfall even{giealy 2015)and more extrera La Nifia event@Caiet

al. 2015) may cause increased flooding distarize to the species

Buffel grass@enchrus ciliarjshas been identified as a particular threatlto slateri,and a
possible cause of declirfavey 2004a)lhe invasive pasture grass favours alluvial saits,
consequently haspread along water courses, establishdense stands along river ahnels

in central AustraligGriffin 1993) Fire has been shown to interact with buffel grass and alter
the composition and structure of these alluvial habitétéiller et al. 2010) Because of the

requirement ofL. slaterifor foraging in open areas, buffel grass has been highlighted as a



cause for concern by alterinlg slaterihabitat (McKinneyet al. 2015) While the grass has
encroached into areas whete slateris present, direct impacts of this vegetation change to

these lizardpopulations remain unquantified.

1.4 Surveys and monitoring

CurrentL. slaterimonitoring practices vary from annual to opportunistic surveys. Typically,
surveys involve measuring abundance of active burrows, confirmed by the presence of scats,
diggings, orightings of the lizard (R. Paltridge pers. comm.). Previous sites and burrows are
revisited, and new burrows are marked. In these surveys, population abundance and trends
are inferred from the number of active burrows, but little is known about burrow penay

of the species. For exampleow many burrows an individual uses, if multiple individuals use

the same burrow, or if lizards occupy the same site in sequential seasons.

Liopholis slatercan be difficult to detect. Like many arid reptiles, extremésemperature

and aridity constrain surface activity over extended periods of tfiiikitford 2002) limiting
opportunities for behavioural observation. For this reason, burrow surveys have beérruse
preference to observational surveys of lizards. However, for estimates of population
abundance, surveys could be more effective if timed with environmental conditions, such as
weather conditions, that increase the detectabilitylofslater{Sunet al.2001; Brown & Shine
2002)

Two techniques for identifying individuals, which may be applicable to survdysstdteri,

have been developed in recent years. One technigoiegtographic identification, has
become increasingly popular, but limitations in both manual and compat¢omated
recognition of individuals are particularly problematic for smaller taxa (<508gjtog &
Reijns 2014)The natural histty and varied scale markings lof slaterimake it a potentially
suitable candidate for photadentification, and this possibility is worth exploring. The other
technique, distinguishing individuals from DNA in their scats, has recently been developing
(Pearsoret al. 2015) Most Liopholisspecies, and members of thggerniagroup, pile scats
outside of burrows or other shelter sitd€happle 2003)thus providing a ready means of
collecting molecular data. Identification of individuals from scat DNA has recently been used
for investigating ppulation structure inEgernia stokesiiS. Pearson unpubl.). This method

could be potentially suitable fdr. slateri.



1.5 Research objectives and scope

In this research, | sought to understand hawopholis slaterpersists in desert floodplain
habitats. Myaims were to (a) develop survey methods specifit.tslaterj and (b) use these
methods to investigate the spatial dynamics, burrow occupancy, anestiake habitat use of

a local population over four years. Specifically, my research objectives were to:

. Trial norinvasive methods for identifying individuals;
. Increase effectiveness &f slaterisurveys and monitoring programs;

1
2
3. Assess the ecological persistence strategly. &laterin floodplain habitats;
4. Characterise finscale habitats of occupied as within the floodplain; and
5

. Assess the threat of buffel grasslioslaterhabitat.

For this research, | focused on one population (at Orange Creek in Owen Springs Reserve) to
study intensively over four sprirgummer periods. Initially |1 considered diging multiple
populations, but large distances to get to population sites, access restrictions, and extreme
temperatures, meant that intensively observing more than one population was not feasible.
While | had company in the field for a small proportidnsarveys, | collected all field data,
usually surveying two to three times a week during the activity seasonq8ay). Thus |

chose to study the populationt &®range Creek in Owen Springss&ve because of its close
proximity to Alice Springs (about 4fn), and relatively easy accessompared with six other
population sites that | inspected, Orange Creek appeared to be representative habitat from

which my research conclusions might be extrapolated.

1.6 Thesis structure

The next three chapters present thedkground information for the subsequent research
chapters. Chapter 2 provides a brief overview of the biology and ecology slateri In
Chapter 3, | outline the history of population discoveries and summarise current known

populations. Chapter 4 intduces the study site at Orange Creek.

In the research chapters following (Chapter®8} | present the studies on survey methods
and sampling, and on the persistence and habitat ude sfateri In Chapter 5, | develop and
test a photographic identificain technique that | used for tracking individuals. Chapter 6

considers the issue of detectability and sampling effort in surveys and monitoringlatteri



In Chapter 7, | investigate the spatial dynamics and burrow occupancy of the Orange Creek
populdion using the photographic identification technique explored in Chapter 5. In Chapter
8, I look at the physical and vegetation patterns of the-Bale habitat use derived from the
movement and burrow use data. The final chapter (Chapter 9) is a getiscaksion of the

findings and their contribution to ongoing conservation efforts.



Chapter 2Biology and ecologygf Liopholis slateri

{ £ I G S Nagholigisjate§Sdincidaels a rare and globally endangered liz#trdt occupies
floodplains of rivers and lowrder tributaries within the MacDonnell Ranges biogeographic
region of central Australia. Its current known range is restricted to 11 ({hptapulationsall
located within an area of about 12,000 kfsee Chapter 3). The skink is a member of the
Liophols whitii speciesgroup (formerlyEgernid that speciated into arid and temperate

adapted lineages around-& Myr (Chapple &eogh 2004; Byrnet al. 2008)

Liopholis slateris a midsized (85 mm snowtent length) viviparous lizardt is asmooth

scaled robust skinkvith a deep head and a short sno{8torr 1968) The head and back are

olive greybrown, grading to a pale rufous brown on the flanks and limbs, and the underside

is pale greywhite (Figure 2.1 Black or dark brown edges of some dorseales form
longitudinal stripesSimilarly, darkedged scales on the lateral side of the head form distinct
markings, which may be a means of identifying individuals (see Chapter 5). While sample sizes
are insufficient fora statistical analysis of sexudilmorphism in the species, slight variations

are likely to be similar tthose of its ongenersL. inornataand L. striatg in thesespecies

males have slightly larger heads, and fem&l@gemore elongate bodies and shorter limbs

(K. Aplin pers. comm.However, inLiopholisspecies, sex cannot be reliably differentiated

visually, but adults, subdults, and neonates can be told apart based on their relative size.

Liopholisspecies of this size probably take about two years to reach matanty live br
greater than five yearsWhile age at maturity and longevity is unreported tar slateri
(Chapple 2003) estimates may be inferred from similar sized congen@&pgecifically,
L inornata matures at two years(Daniel 1998) Mid-sized Liopholisspecieshave been

reported to livefor overfive yearsI(. modestaor eight yearsL(. whiti) (Chapple 2003)

The eleven described species in the gebiapholisare semifossoria) burrowing specialists

that use an ambush foraging stratef/u et al. 2015) Liopholisslateriis a dietary generalist

and individuals consume a range of invertebrptey, mainlyants and termitegPaveyet al.

2010) The species iactive predominantly during sprirgummer, after over-wintering in
burrows. This seasonal cycle of summer activity and winter inactivity is typical of many

ectotherms in desert and temperate regiofames & Shine 1985; Adolph & Porter 1993)



Figure2.2. A typical activdiopholis slaterdburrow: lizards maintain multiple entrances

from which they bask and forage. Scat piles @mmonly observed outside burrows.



Individuals of this speciescavate multentrance burrowsAfter emergence, a lizard will sit

at (or near)a burrow entrancdaskngandor waitingfor prey(Fennetet al.2012a; McKinney

et al. 2015) (Figure2.2). This is their major daily activity, and movements away from the
burrow are infrequent and rarely observed (see Chapter 6). Burrows are typically built into
soil mounds at the base of shrubs, or into the banks of water courses. In both cases, burrow
entrances are elevated above the surface. Entrances are connected by an irternel
aeadsSyz 27FGSy Ay @zhNJontkaled ghfanceslaiZhighekedat®asQ

on the mound(Fenneret al.2012b)

Lizards reglarly maintain burrow entrances by casting sand from the entranceway with their
foref AYOA YR RAAGNAOdzGAY I A G AsHaped Natefriiof sarfl G K S
(pers. obs). Somauthorshave speculated that creatirtpesesand fansinstead ofsandpiles
functionsto conceal the burrow location from predatofBianka & Giles 1982yacks and tall

drag marks are often visible on the sand fan of active burrows. Scat piles, characteristic of the
genus(Chapple 2003)are also commonly observed near active burrows (Figute Zhese

features allow the ready identification of an active burrevithin a population site, even

when a lizard has not been seen.
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Chapter 3:An historicabverviewand summary of current

populations

3.1 Introduction

{ £ I G S NIpgholia late§Storr, 1968) is part of the formeenusEgerniathat was split
into four genera in 208: Liopholis, Bellatorius, Egernia and Lissoléperdneret al. 2008)
Liopholigsa clade of 11 burrow and rock dwelling species within which are seven temperate
adapted and four deseradapted members, the latter group comprisiflg inornata,
L.kintorei, L striata andL.slateri(Gardneret al. 2008) Of thesel.slateriand L.kintoreiare

listed as threatenedinder Commonwealth legislation

Two subspecies &f slaterihave been described.. s. slaterifrom the Northern Territory and
L. s. virgatafrom northern South Australia. While the species is listed as Endathgerder
the CommonwealtiEnvironment Proteatn and Biodiversity Conservati@PBCHct 1999,
the Northern Territory subspecies is currentinly listed as Vulnerable under Territory
legislation (Territory Parks and Wildlife A@00Q. Liopholis slateri ivgata is listed as
Endangeredh South AustraliaNational Parks and Wildlife At972), although the subspecies

has not been located for over 100 years (see below).

| documented thehistorical sequence aliscovery ofpopulations ofLiopholis slateri stari

using local knowledge from researchers and land managers actively involved in discovering
and monitoring populations of the subspecies (Fig81E). For older records df. s. slateri

(prior to 1980) and oL. s.irgata, | confirmed historical repostwith specimen data lodged

in the multiplesource national atlas, Atlas of LiviAgistralia(ALA,http://www.ala.org.ay,

accessed 14 December 201% also used historical documents and anecdotal reports to
expand onthese discoveries and document other events of relevance to the persistence of
the species, with particular reference to events that occurred at the type locality (summary
in Table3.1). Finally, | pooled occurrence data from the most recent surveysanftesites of

the Northern Territory subspecids s. slaterand summarisedhe status ofcurrently known

populations.

11
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Subspecies . £ Walker Creek
2 L. s. slateri

® | s virgata < Running Waters

o Gunpowder Track
151 2 Serpentine Chalet
2 Palmer River

2 Krichauff Ranges

& Orange Creek

o Areyonga Gully

107 ¥ Circle Gully

2 Finke River

Mumber of sites

£ Lawrence Gorge
& Palm Paddock
£ Little Palm Creek
57 2 Loves Creek
2 \White Horse Gap
o Ellery-Jerimah Creek
Wantapella.@ G AzZRItype locality

Dalhousie & iizmurta Springs

1380 1920 1950 1980 2012

Year

Figure3.1. Cumulative number oLiopholis slatersites (distinct from metgopulation; see
Table3.2) detected since European settlement: Northern Territory subsgedci s. slateri
(white), South Australian subspeciess. virgatdgrey). Exact localities of the 183014 records

are unknown. (Locations of each population are shown in Figure 3.6.)



Table3.1. Timeline2 ¥ S @Sy i a LISNI I Aigpholigslatérts dodurneintSiNsIDGE

European settlement.

Year Event Source

1894 Horn Expedition (Spencer 1896; Shea 20

1914 Captain S.A. White expedition (White 1914)

1958;1966 Prolonged drought, top soil eroded by wind and (Keetch 1979; Albrecht &
grazing on Todd river floodplagsevere dust storms  Pitts 2004)

1950g, Trials ofmechanical planting for dust control; spiral (Keetch 1979; Albrecht &

1960s tilling and sowing of buffel seed at AZRI bloelar Pitts 2004)
type locality (see Figure 3.5

1964¢1965 65 specimens collected by K. Slater and D. Linder ¢ (Pavey 2004a; ALA 201t
south of Alice Springs (AZRI type locality)

1964 32 specimens collected by K. Slater and D. Lindner (Pavey 2004a; ALA 201t
the junction of Ellery and Jerimah creek

1968 Both subspecies formally described (Storr 1968)

1970s Rapid spread of buffel grasvith heavy raing Alice (Griffin 1993)
Springs township and more distant drainage systen

2000 Listing ofL.slaterias Endangered in the NT and (McAlpin 2000)
Endangered ationally

2004¢2005 Recovery plan for 20@2010 prepared and (Pavey 2004a)
implemented

2004¢2010 Targeted searches to (re)discover populations (Pavey 2004)

2008 Egerniasplit into four genera, includingiopholis (Gardneret al.2008)

2011 Revision of NT threatened spes listing to Vulnerable
following discovery of more populations

2012 Incidental discovery of three more populations durir

biological surveys
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3.2 Population discovery

3.2.1 1894¢ 1914

The first documented specimens lobpholis slatenwere from the 1894 Horn Expedition to
centrd Australia. The expedition began at ddadatta in South Australigpllowed the
telegraph line into the Northern Territory and continued along the Finke River to the
MacDonnell Ranges. Sir Walter Baldwin Sperft@8{¢ 1929)and associates collected and
documented herpetological specimens and other fauna along the way. While their collecting
locations were recorded with considerably more precision than those from previous
expeditions, exact localities of many of their specimens are unkn(®¥rea 2003)The

expedition included specimens bf s. slatercollected by E. C. Cowle from lllamurta Springs

Ay GKS Db2NIKSNY ¢SNNAG2NES yR 20KSRBH). f Sa

They also collected specimenslofs. virgatdrom northern South Australia (Figugs3) ¢ the
original labels if LISy GdINA G Ay 3 | NB NI LI2 NEobrée:AAR01B)S I R

Figure3.2. Specimens collected by the Horn Expeditiothe Natural History Museum, Londo
(Source: Internet archives, photo taken circa 1950). From left to rigbpholis slateri slateri

L.margaretae, L. s.virgata and L. inorngthea 2003)

14
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Horn Epd Cent Awst Zoolagy Flate 11

Jpencer et Wendel del. Troeds] 8@ Prnl T Bendel Lkt Melbeurng

Figure3.3. Drawings of specimencollected on Horn Expediti. W C A i3 of lodfholis slateri
virgata (Spencer 1896; Shea 2003)
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The expedition of Captain S. A. White followed in 1914, collecting fourinspes of
Lswirgatad 2 YSG6KSNBE GoSGsSSy h2RYyFRFGGF YR GKS
around Wantapella swamf@Nhite 1914; Storr 1968)'he specimens collected on the Horn

and White expeditions were not described and identified_aslateruntil 1968 (see below).

A 2 4 oA

Thespecimens of. s.virgat®D2 f f SOG SR 2y [/ [914é)pedigion yvete tHethst2 KA (G S
specimens of the South Australian subspecies to be recorded. Targeted searches of northern
South Australia were undertaken for four days in November 2004 (GirF¥ite) and for two

weeks in September 2012 searching theioegof the early expeditions, but without success.

3.2.2 1964¢ 1970

Half a century passed befowefurther record ofLiopholis slateriln September 1964 and

March 1965, Ken R. Slater and David R. Lindner, from the Animal Industry branch of the
Northern Territoy Administration, collected 65 specimens on the Todd River floodplain 8 km
a2dziK 2F ! £ AOS { LIShry1968)neantie AridZong Regearchclnstiute9 8
(AZRI) block. The species appears to have been common in the area as Slater collected 27 of
the skinks in one dayinnane 2000)They also collected specimens from the junction of Ellery

and Jerimah creeks (n=32) in Novemhddecember 1964, and White Horse Gap on Tempe
Downs (n=1) in April 1965 (source: A0A5).As a percentage ofhé total number recorded

Ay GKS yrdAz2ylf FNOKAGST {ftFGSNI YR [AYRYSN
1964 ¢ April 1965) makes up 59% afl L. slateripreserved specimens held in Australia
(n=98/165, sourceALA 2015)

In 1968, G. M. Storr revised thegerniagroup, and describedor the first time the two
subspeciesiow known ad.iopholissateri virgata and L. s.slateri (formerly Egernia slateri
vigata and E s. slaterd @ { 6§ 2 NNJ dzaSR 2yS 2F [/ FLWIAYy { ®!d
holotype for the South Australian subspeciess. virgatd Y R 2y S 2F {f I 6§ SNRA
the AZRI site as the holotype fors. slater{Storr 1968) Consequently, the AZRI site on the

Todd River floodplain became the type locality lfos. slateri

Robert Henzell and associates collecteduaknown number of specimens (but more than
five) in 1969 for his ecophysiological PhD project at the University of Adelaide, without

reporting any problems of finding animals. Ken SlateHénzell (1973)observed that during

16



the drought of the 19604,. s. slaterhad a greater survival in areas whefekea divaricata
was abundant, but during the last year of the drought, burrows uhtiikeawere also empty

(sample sizes anddation unknownput likely the AZRI type locality).

Ly GKS RSOFRS& 0S¥2NB IYyR FFOUGSNI{ftlF0SNIFYR [
area changed rapidly. Overgrazing of lands around Alice Spring=dazagor dust problems,

which escalated during the severe and prolonged drought of 49886 (Keetch 1979)

During the 1950s and 1960s, mechanical rehabilitation trials to ameliorate dust problems
weredzy RSNB I & 2y GKS | Yw(Albreécht R Pitts. 2004)6sK hand@eQ o0 f 2 ¢
kilometre from the typelocality (Figure3.4). CSIRO and thdT Agricultural Branch trialled

spiral tilling, furrowing and other methods to sow Buffel gr@sachrus diaris seed (Figure

3.5). Buffel grass was widely sown after th@58;1966 drought and rapidly spread after

heavy rains in the 1970&riffin 1993) The Todd Rivdtoodplain, which a 1962 land survey
described awegetated with sparse low trees, suchiemnwood (Acacia estrophiolateand

whitewood (Atalaya hemiglauch over short native grasses and forfRerryet al. 1962)

changed to an understory of dense buffel grass in the following dedq&iigisn 1993)

3.2.3 1975¢ 2003

After the apparent former abundance &f s. slatern at the type locality in 19641965, the
subspecies was last detected at the site in 1975 when a single specimen was collected. The
areawas searched comprehensively in 1995, 2606 2003, with considerable survey effort

put into trapping, active searching and burrow excavation, but with no sign of any live
specimens(Pavey 2004a)Prior to this, however, NT Parks and Wildlife staff detected
populations at three new sites. In 1989, a specimen was collected at a new site in the eastern
MacDonnell Ranges at Loves Creek Statiofrinke Gorge National Park, specimens were
collected at Little Palm Creek in 1994, and at Palm Paddock in 1996.
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Figure3.4. Land used for mechanical rehabilitation trials 1€8870 (bold outlines). Site of tht
Liopholis slteri slateritype locality 1964 (star). Reproduced from Keetch (1979).

Figure 3.5. Spiral tilling used in mechanical land rehabilitation trials, 1966. L

Conservation Unit Archives.
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3.2.4 2004¢ 2010

The apparent decline of the species in the Northern Territory resulted in a nomination being
madeby Steve McAlpin fothe subsgcies to be listed nationally as Endangered under the
EPBC Act. This nomination was accepted and the subspecies formallgdi§iadangeredn

4 April 200X (Australian Government 2018pn the basis of this listing, the Northern Territory
government sought and received funding from the Australiasvénment to prepare a
recovery plan for the specié®avey 2004a)The recovery plan was acceptedMlarch 2005

for the period 200§2010. As part of implementing the recovery plan, targeted surveys were
undertaken by experienced observers from 2004 to 2010. In addition, inexperienced
observerswere trained in locating the species. These targeted survegsfirmed the
presence of the species at some previously known sites and discosevedalnew sites.
Previously known sites where the species was located were Illamurta Springs, White Horse
Gap (on Tempe Downs Station), Ellery Creek, Loves Creek imataGErcle Gully/Areyonga
Valley in Finke Gorge National Park. Additional populations were located at multiple locations
in Finke Gorge National Park, the Finke River north of Hermannsburg, Lawrence Gorge and
Orange Creek on Owens Springs Reserve ampd& ®owns Station. Incidental observations
were made at a site on the Krichalange (Bill Low pers. com)mTheKrichauff Range site

was unusual in that lizards were located on a ridge top of the ranges, while all other

populationswere found in river fbodplain habitat.

3.2.5 Post 2010

Three new sites have been located during routine biological surveys following the end of the
life of the recovery plan. These sites are at Serpentine Chalet and Gdapdwack in the
MacDonnell Ranges, Walker Creek on Temperi3pwnd at Running Waters on Henbury

Station.
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3.3 Conservation status

Primarily due to the disappearance at the type localitys. slateriwas listed as a threatened
species in 2000McAlpin 2000) The initial listing was for Endangerechich it qualified for
under four IUCN criteriaextent of occurrence <5,000 Kmarea of occupancy <5007k,
population size estimated to number fewer than 2,500 mature individuaisl inferred
decline in extent of occurrence, area of occupancy, quality of habitat, and number of mature
individuals However, with the discovery of new populations after 200 $pecies status in

the Northern Territory was dowhsted to Vulnerable in 2011.

3.4 Population estimates

Occurrence data from recent years show that populationk.d. slaterusually occupy sites
close to water courses along both major connector chanaeld other minor tributaries
(Figure 3.6). | used an estimate of a maximum dispersal distance of 5 km, and then suggested
a buffer zone of 5 km around known population sites to indicate likely site connectivity within
a metapopulation. In this interpretaon, distances of more than 5 km between sites
distinguish separate (nemixing) populationsLimited data exist on dispersal distances for
other Liopholispecies, but those reported suggest maximum dispersal distances are less than
a few hundred metre¢Daniel 1998; Chapple 2003; Chapple & Keogh 2605yever, flood
assisted dispersal may feasibly increase this range to a few kilometres between sites that are
located on a connecting watercourse. Themefcan estimate of 5 km seemed a reasonable
upper limit by which to distinguish nemixing populations. Based on this criterion and
corresponding assumptions, | concluded that the species persists in 11 currently known
populations or metgoopulations (Figre 3.6). Populations are associated with six major river

systems within the Finke River and Todd River basins (Table 3.2).

Data on population sizaserelacking but relative sizes could be coarsely estimated from the
number of active burrows at a populati site. At sites that | visited, | categorised relative size
of populations by estimating burrow abundance: largepulations(>100 active burrows) or
smaller (<50 burrows) (Table 3.2). Note, burrow estimates are from a single visit to the

population sie, not the cumulative number of active burrows over multiple visits.
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Figure3.6. Currently known populations/metpopulations ofL. s. slaterias of August 2016. Buffer
around sites of known occurrence (5 km) delineate probable metaulations with interchange
between populations. Populatieoccur within the Finke River catchment (dark grey shading) and
River catchment (light grey): 1=Walker Creek, 2=Palmer River, 3=White Horse Gap, 4=lllamurta
(uncertain), 5=Palm Paddo#kichauff Range, 6=Finke River, 7=Serpentine CGalepavder Track,
8=ElleryJerimah Creek (uncertain), 9=Little Palm Creek, 10=Running Waters, 11=Lawrence

12=0range Creek, 13=AZRI type locality (extinct), 14= Loves Creek.
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Table 3.2. Populations/metgpopulations of L. s. slateri in major river systems within the
MacDonnell Ranges biogeographic region. Relative size of populations is estimated frc
number of active burrows on a single visit to the population sieger population(>100 active
burrows) or smaller (<50 burrows)The status of Elleryerimah Creek and lllamurta Sprin

populations is uncertain (italics). Cross reference locations with map Figure 3.6.

River catchment Rver system  Meta-population Burrows Reference
Finke River Palmer River Walker Creek ? 1
Palmer River ? 2
White Horse Gap ? 3
Finke River Palm PaddocKrichauff Range <50 5
Finke River >100 6
Little Palm Creek >100 9
Running Waters ? 10
(none) Serpentine ChaleGunpowder <50 7
Ellery Creek  Elley-Jerimah Creek ? 8
McMinn Creek lllamurta Springs ? 4
Hugh River Lawrence Gorge <50 11
Orange Creek <50 12
Todd River Todd River Extinct: AZR{ type locality - 13
Giles Creek Loves Creek >100 14

3.5 Summary

From thecurrently known extanpopulations, | chose the Orange Creek population for a-four
year intensive studpf population spatial dynamics and burrow occupancy (see tehap.

In the next chapterl describe thegeomorphologyof the studysite to place theesearch in
context. Note, hereafter, all references thiopholis slaterrefer to the Northern Territory

subspeciesiopholis slateri slateri
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Chapter 4Description of the Oange Creek study site

Thestudy site wasit Orange Cree@ H o ¢ p ¢ { ,B520MABLG 40 km sDuth west of Alice
Springs, within the MacDonnell Ranges bioregion of the Northern Territory, Australia. The
climate is semarid with a mean annual rainfall of 283mm (Alice Springs airporf1659Q
Bureau of Meterology [data 19442015]). Rainfall in the region is highly variable with most
falling during the summer months (Novemig€ebruary). Daily temperatures range from a
mean maximum of 36.4°C in January to a mean minimum of 4°C in July (Bureau of

Meteorology pata 19412015 at Alice Springs airport]).

The Orange Creek siteon Owen Springs Reserve, which was formerly a pastoral property
(1872to 2003) The propertywas destocked after 2004 when it became part of the Northern
Territory parks and reserve systernihe reserve comprises a range of landforms and
topography, including the Waterhouse Range Anticline in which the study site was located.
The Waterhouse Range is a formation of sandstone geologies, including Mereenie sandstone,
within the Amadeus basifNicollet al. 1991) The range is a long and narrow formatiabput

50 km long x 7.5 km wide, oriented roughly ea&st along its longest ax{figure4.1). It is
isolated from the MacDonnell Range and Chewings Range todhé rand the James Ranges

to the south.

The Waterhouse Range assite of national conservation significance fliora and fauna
(Neave 2007)The site supports a number of species listed as threatened nationally and/or in
the Northern Territory,includingMinnie daisy Minuria trideng, blackfooted rock wallaby
(Petrogale lateralis Australian bustard Ardeotis australis = | y R { f LiopHISI &
slateri). The central rockat (Zyzomys pedunculatpyg/as reported from the rangéut is now
considered extinct at the t& (Pavey 2004h)The rockrat is, however,still found elsavhere

within central Australia.

Both the Orange Creek dri_awrence Gorgkiopholisslateri populations are located in the
Waterhouse Range pound, a long thin valley of about 30 x 2.5 km (Fdrelhe two
L.slateri population sites are separated by 22 kithe Hugh River, part of the Finke River
catchment, vhich starts its course in the Chewings Range, bisects the Waterhouse Range at

roughly its central point (Lawrence Gorge). Two creeks flow laterally along the pound, both
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Figured.1. Map of the region showinthe Orange Creek study siterelation to the topography anc
hydrology of the surrounding region, and nearésopholis slaterpopulations. 1=Orange Cree
population and study site, 2=Lawrence Gorge populatioAZR type loddy (extinct). NBOrange
Creek is a minor watercourse compared with the Hugh River, but has been highlighted he

visibility.

starting their catchments at the eastern end of the pound, but flowing in opposieetions
(Figure 4.1). Both creeks collect water from tributaries that roff from the flanking
sandstone ranges on the north and the south faces of the polhetller Creelkilows west

and joins the HuglRiver at Lawrence Gorge the east of the site athe Lawrence Gorge
L.slateri population. Orange Creek flows east along the pound, toward the Orange Creek
population site, before cutting soudtastthrough the range. Orange Creek continues south
and dissipates into sand ridge country (Figtud®. Orang Creek, Mueller Creendthe Hugh

River are ephemeral, and normally dry.
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Figure4.2. Aerial photograph and location of the Orange Cretldy site in relation to the
MacDonnell Ranges bioregion, central Australia. Dashed line shows the approximate ¢
occupancy as a minimum convex polygon around detected burrows. The area of occupi
bisected by three low order tributaries (@24)and one major tributary (T1) that flow sout
into Orange Creek. Tributaries T2 and T3 flow into T1 which then converges with Orange
at the south of the image. Site shown in (a) natural colourcdt @n ground sample distanc
(GSD), and (b) topograptielief generated from LiDAR imagery at 25 cm GSD.
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Figure 4.3. Oground view of the Orange Creek study site, looking southeast to where Or
Creek passes through the Waterhouse Range. The photo is taken from the rocky upper sl
the north of the site. Downslope is the area of occupancy of the study population,

Eremophiladominated shrubland on red earth alluvium.

Figure 4.4. The area of occupancy showing the contiguous pattern of cleared patche
accumulated soil pedestals, here at thase ofEremophila sturtiiGrass tussocks in the foregrour

are buffel grassCenchrus ciliaris.
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At the Orange Creek study site, during the study period of my research (see chapters
F2f €t 26Ay 30T | LI2 Lz | G A2460 27 m{(23l000SMNarea of 41 A YV |
Erenophiladominated shrubland on a red earth alluvial foot slope. The population site was
about 100 m north of Orange Creek (Figure 4.2, Figure 4.3). After large but infrequent rainfall
events, water ruroff from the rocky upper slopes north of the site, &y diverted by the
vehicle track that crosses the slope (again to the north of the population site), but then flows
into a network of erosion channels covering ab@@% ofthe area of occupancy of the
population. The channels, up to 5 m wide and 1 regleconverge and flow into Orange Creek

to the south of the site (Figure 4.2). In the nolmannelled section, surface sheet flow after

rain (flowing north to south) transports and deposits alluvial material, creating a contiguous
pattern of cleared patcheand accumulated soil pedestals, typically at the base of shrubs
(Figure 4.4). The lizards dig their burrows both in these soil pedestals and in some banks of

the erosion channels (see Chapter 8 for details of burrow sites).
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Chapter 5Photographic identification ahdividuals

My research required a nemvasive sampling method fdriopholis slateril evaluated
methods of capture, such as noosing or trapping, butchated that these methods were
infeasible, inefficient, and far too timexpensive to be practical foa thorough survey.
Frequent recapture of individuals over multiple years would have heetulydisruptive to

the population, and therefore unsuitable for an observational study. Instead, | considered an
alternative, noninvasive option. In this study, éxplored the use of photographic
identification forL. slaterand compared the matching abilities of independent obserwetis

an automated computer algorithm. This chapter has been adapted from the publication:
Treilibs, C.E., Pavey, C.R., HutchinbN, & Bull, C.M. (2016). Photographic identification of

individuals of a freeanging, small terrestrial vertebrat&cology and Evolutiof, 800;809.

5.1 Introduction

Recognition of individuals within an animal population is central to a range of estialabes
population structure and dynamicEstimates of population density and abundance rely on
an ability todistinguish individual animals;semates oflife history parameters, such as
growth rate and survivatgequire tracking thosendividuals througlspace and time. However,
traditional methods of marking individuals, such as-tlipping, maycause stress, injury or
infectionto the animal(Reisseet al.2008; Sacchet al.2010)and are ethically questionahle
Captureand handling often required to apply markingnay alsoaffect normal behaviour of
an individua| at least in the short ternfRoddaet al. 1988; Langkilde & Shine 200&uch
impacts are undesirable, particularly for threatenedrare specie¢Bradfield 2004)but also
when the gal of research is to observe natugabpulation processes anehaviourwith

minimal interference.

Photographic identification has become a popular, #ovasive alternative for recognising
individuals from natural variation in their markings. The techeitpas typically been used
for markrecapture studieswhich assume thai&a speciesdisplay sufficient phenotypic

variation to distinguistamongconspecifiandividuals, that theunique markings are constant
through time, and that the markings can be rgoised from photographs taken under
different conditions(Pennycuick 1978; Bolget al. 2012). Naturally variable phenotypic

patterns on a wide range of taxa, from large mamng&lan Tienhoveet al.2007; Anderson
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et al. 2010) to crustaceans(Frisch & Hobbs 2007have been used for photogshic

identification of both freeranging and captured animals.

In photographic markecapture, individuals are crogsatched in a library of photo capture
histories. However, the timexpense of manually comparing photo pairs increases
exponentially withsample siz€Speedet al. 2007; Van iEnhovenet al. 2007; Bolgeet al.
2012) One way to overcome the difficulty of crasmtching large datasets is by computer
assisted matching of photos of unknown individuals to a reference libkéayy algorithms
have been developefbr this purposebut many are highly specialised for particular species
or for specificmorphological featureg§Speecet al. 2007; Bolgeet al.2012; Towret al.2013;
Drechsleret al. 2015) A simple and freely available softwgrackage)nteractive Individual
Identification SystemPS Pattern v.4.0.ZHartog & Reijns 2014)s a patteramatching
algorithm that has the potential to be applied to any species with variable markBgsed

et al.2007; Hartog & Reijns 2014)

Gomputer-assisted matchindhas often been used with largébodied freeranging marine
mammals,where underwate views of the animahre usually unobstructed and evenly
illuminated (Speedet al. 2007; Van Tienhoveet al. 2007; Hartog & Reijns 2014jowever,
even in theseconditions, parallax effects of taking photographs w&tde horizontal angles
(>30°) tothe subject can still be problematic for the automated matching pro¢ggeedet
al. 2007; Hartog & Reijns 2014)he greater the horizontadngle of deviation fron0°
(perpendicular to the subject), the higher the likelihood of a low scoring m@pledet al.
2007; Rochat al.2013)

For smaller taxa (<500q) parallax effects are likely to be exacerbated because of the
comparatively smalbody areas being photographed. Mogudies of smalleisizedfauna
havecontrolled for the parallax problem by capturing the animal and manipulating it into a
fixed position relative to the camera, photographing eithethend or using a holding pen
(Bradfield 2004; Frisch & Hobbs 2007; Saetlal. 2007; Hachtekt al. 2009; Kenyoret al.
2009; Knoxet al. 2013; Rocheet al. 2013; Drechsleet al. 2015) This reintroduces the
potential stress that the noimvasive technique is supposed to avoid, and involves a large

effort to capture the animal for photography.
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Because of the often inconspicuous or flighty nature of many herpetofauna, photo
identification has seldom been applied to freenging individuals of this group. One study
showed photeidentification could be used to track movements of fi@aging eastern water
dragonintellagama lesueurand calculate their home rangéSardineret al.2014) However,
few reports have investigated the broader limitations of the technique or evaluated

alternative ways of using the technique for a fr@mging reptile.

In thisstudy, | exploredil KS dza S 2F LIK2 G2 3INIF LIKA O LidpRofisy G A T A C
slateri (mean snoutto-vent length 8V).85mm). The natralK A & G 2 NB 2 Fandifs I § SN2
varied scale marking&ee Chapter Pmake it a poentially suitable candidate for photo
identification.l assessed K S KSNJ dzy Alj dzS T OAl buldbe usddrsyada 2 F
reliable means of distinguishing individufilsm photographausing (a)an identification key

or (b) the S Pattern algéthm, and whetherl could detect any temporathanges in these

markings.

5.2 Methods

5.2.1 Study species

{ftFGSNDRa ailAyl A& | NINB FyR 3f20lfte SyRIy3
within the MacDonnell Rangebioregion of Central Australiawhere it occupies burrow
systems located in river floodplaifBavey 2004aY he skinks asit-and-wait forager, typically
spending much of its active time sitting at, or close to, a burrow entrance to bask and ambush
passing invertebrate prefPaveyet al. 2010; Fenneet al. 2012a; M&inneyet al. 2015)
Individuals are easy to observe at these times from as close as 5 m from the burrow, but are
difficult to catch without destroying their burrows into which they retreat when more closely
approached. Of special relevance is that Igpabulation sizes are relatively sméHaveyet

al. 2010) allowing the potential for reliable identification among resident individuals, and
recognition of any new recruits into the population. Like several other species Eghmia
group, individuals have variable spots and facial markings whitegmpally could be used as

unique natural markergPaveyet al.2010)
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5.2.2 Study site

Thestudy site wast Orange Creek, south west of Alice Springs in Central Augafia9 {
MO 0 ¢ ¢see Chapter 4 for detailsht thissiteapoplil i A 2y 2F {f | (1SHNINA
x 200 m area oEremophilashrubland on an ltuvial flat. The lizards occupidxirrows in soll
pedestals that hd formed at the base of shrubs by wind améter processes. Ovdour
springsummer seasons$detected104burrows at the sitavith evidence ofizardoccupation
at some time during the periadNo other burrows were detected within 5 km of the study

site, allowingme to assumd had surveyed anrgire population withinthe site.

5.2.3 Population surveyg photographic mark recapture (PMR)

Over four springsummer periods, from December 2011 Agril 2015, | photographed all
detected individualsduring site visits usually twice a week. At each viditsanned all
entrances of each burrow with binoculars (Zeiss 10x40) frafistance of greater thah5 m
from the burrow entrance When a lizard was observed out of its burrow, or at the burrow
entrance, | photographed itseveral times(a photographic capt@) with a [5IR camera
(Canon EOS 450D) and telephoto lens (Can@00dnm). By moving slowly and quietly,
could normally approach to withindr 5 m without disturbing the lizard anidattempted to

get lateral head photographs from both the left and tigliide. Each photographic capture

was stored in a photo catalogweth assigned tags aboudtate andburrow number.

5.2.4 Spot development and stability

| documented ontogenic changes in facial markings in three ways. Fismpared the
number of spots on tempral, subralabial and infralabial scales (see below) on six neonates
at the end of a summer (early April when young are abedtr8onths old), with the patterns

on 29 adult lizards photographically sampled at the same time of yeassumed spot
patternson left and right sides were related and selected one side (right) to compare spot
numbers of neonates and adults usintestsof independencefollowed by/ 2 KSy Q& 5
to evaluate the magnitude of effect siZ€ohen 1988)Second] inspected a four month
summer timesequence ofepeatedphotos of six neonates first observed in December 2012
or in December 2014l. deduced they were the same individuals if they were repeatedly
observed as the only jewile lizard in the same burrow from December to Mardrhird, |
examined photographs for longer term chandesl?2 months)n facial patterning ireach of

the 10 adult individuals thatwasable to follow for the entirdour-year duration of the study.
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For these 10 mature adulizards other distinguishing featurgsuch as size, scale shape and
arrangement, scars, and other markinglowedme to be confident that photo sequences

were of the same individual.

5.2.5 Developing a key

| used highquality imagesof 12 adults in the first springummer period to identify
characteristics suitable for distinguishing individudlgargeted the headregion, as this is
often the most exposed and most easily photographaetly part andwithin that regionl

examined eafobules, méanic spots and scale patternis my initial inspectionl found these

characteristicsliffered between the left and righgidesof an individual lizardAmong left and
right profiles of the 12 lizardd,identified 11 characters, each with-2alternative states,
whichmight be used talifferentiate amondizards(Figure 5.1 | then scored the frequency

of eachcharacterstate for a larger sample of 30 lizards (Tdhlg.

Using the selected charactersgdeveloped an interactivemulti-choicekey with character

scores derived for the right and left sides for each of the 30 individual lizards. The key enables

1. ear_lob Temporal scale

o Ear lobules
Definition: number of

ear lobules

Figure5.1. Information provideda priorito observers to enable identification o
character 1, ear lobule@able 5.}). Similar diagrams were presented for each

the 11 characters.
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the user to select assessed character states in a spreadsheet, for comparison with a library of

the previously scored individuals. As bBacharacter is scoredhe key filters out known

individuals in the population that do not display that character stdiee usercontinuesto

select character states, in any order, either until #pFeadsheetdentifies a single individual,

or until all11 characters have been scored.

Table5.1.¢ KS mMm

alternate character states, fro/30 individuals

OKI N} OGSNE dzaSR G2 RA&GAYIdzA

Character Value Frequency Description
1 Number of ear 3 0.04
lobules 4 0.75
5 0.21
2 Temporal scale O 0.07 Number of discrete, dark markings on tt
marks 1 0.82 largest temporal scale
2 0.11
3 Temporal scale O 0.43 Discrete, dark markings on the large
marks 1 0.57 temporal scale touch (1) or do not touc
6no6 GKS aokftsSQa SR
4  Supralabial 3 0.64 Number of discrete, dark markings on a
scales 4 0.27 of the eight supralabial scales
5 0.09
5 Infralabial scas 0 1.00 Presence (1) or absence (0) of discre
1 0.00 dark markings on each of the sew
infralabial scales
6 0 0.96
1 0.04
7 0 0.66
1 0.34
8 0 0.36
1 0.64
9 0 0.55
1 0.45
10 0 0.46
1 0.54
11 0 0.88
1 0.13
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5.2.6 Testing the key

When testing started after the 20312013 springsummer season, the photo database
contained1153 imagesrom 314 photecaptures (mean 3.67 images per captuoé)what |
considered to be30 different adult kards. Matching of individuals to images was based not
only on the character key, but also on other distinguishing features discads®mae, and on

the tendency of individual lizards to remain at the same burrow for extended periods of time.
With continuedexposure to the population | came to recognise individuals, but my question
was whether | could develop a key that would allow others to identify individu#®ut that

extended experience.

| predicted that images of skinks that were highly angled {;-80that had one or more key
characters obscured would be more difficult for observers to identiftested this by
classiyingeach image into one of three categori@scording to image viewing angle and the
degree to which the key characters were olnsx (Table 5.2. To determine image category,

| estimated &e ofimageviewing angldy measuring the angle between the line of sight and
the line through the centrs of the eyes(Figure 5.2 using Screen Protractdt software.
Because facial profiles e not parallel to the midine of the body but tapered to the snout,

| adjusted each measurement Isyibtracting 25{Figure 5.2 | then randomly selected eight
photos from each of the three imageategories.The 24 photoswere of 14 different
individualswith four individuals represented twice arttree individuals three timesThetest

sample included nearly half of the known population, with some individuals represented by

Table5.2. The three photo categories used for testing an identificati

188 F2NJAYRAQGARIZE €& 2F { € (SND:

Category Description
1 Full lateral Head profile at, or close to, right
image anglestoc¥ SNI 6 A ®S o
characters visible.
2 Angled Head profile at angle to camera (i.e.
angle >30°). All characters visible.
3 Obscured Characters partially obscured by
characters vegetation/soil/scarring. Head profilt

at, or close to, right anggeto camera
oly3atsS Xoncoo
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Lateral view Dorsal view

Figureb.2. Size of image viewing angle (x°) was estimated by measuring the angle be
the line of sight (s) and the line through the centres of the eyes (e), and then tamire
(-25°) for head tapering; the facial plane (dotted line) tapers at an approximate angle «

from the midline of the body (dashed line).

two or three photographs taken at different times and in different conditiofibe sample
size was intended to reflect a typical survey period, without imposing too high a load on the
volunteer observers. The photos were uploaded to a free online survey tool with response

options in a multiple choice format.

| then asked24 observergo use thekey developed from the previous library to identify the
lizards in each of the 24 test photos.considered that previous experience working with
wildlife might improve identification skills in these observers. To test thsglected 12
obsewerswith experiencein wildlife survey and 12 observerswith no experience, a sample
size that| thought would be sufficient to detect any effeaf previous experience
Comparablestudies that included a human identification component used a range eethr
(Frisch & Hobbs 20079 eight (Knoxet al. 2013)observers (mean 5;6 = 3 studies) with

varying levels of experience. Eachlod 12 experienced observers was a profesaidield
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biologist who specialised in plant or animal surveys, although none had specific experience
with the study species. None tife 12 inexperienced observers had any advanced training in

biology, or professional association with field biology.

The olservers wereggiven a 10 minute explanation with examples of each character state
(Figure 5.}, and then workedndependently and with no timémit. | allowed observers to

select up to three responses if they were unable to narrow the field to a singldidzte

individual, since, in practice, the key is not always the ultimate identification step, but often

the means to selecting a final few for phetomparison.Responses were scored as either

correct, if the correct individual was among the selectiaor, incorrect, for the wrong
identification.h 6 8 SNISNBRQ (GSad dGAYSa ¢gSNB NBO2NRSR o8
the two observer types compared with a Kolmogof®mwirnov test. Times are reported as

mean = SD.

| used a repeated measures ANOVA toreixee the effect of observer typeexperiencedvs.

not experiencegland category of photograph (full lateral view vs. angled vs. obscured) on the
proportion of correct identifications othe set of photograpts. Since both observer types
examined the same s$®f 24 photographs, observer type was a witlsubjects factor, while
categry of photograph was a betweesubjects factor. To ensure conformity with the
assumptions of the analysithe response variable wasansformed using an arcsine square
root trandormation, and effect size calculated using partial-stpuared(Bakeman 2005All

statigical analyses were computed ikver. 3.2.1R Core Team 2016)

5.2.7 I3S Pattern

The IPS Interactive Individual Identification Systearniginally developed to identify whale
sharks(Van Tienhovert al. 2007) now includes3B Pattern(Hartog & Reijns 2014yvhich

uses photographs of natural body patterns. It calculates a set number of measurements based

on differences in patterning after theser hasidentified three reference points on the
photograph and has outlined the region of interest. While the reference points should correct

for differences in viewing angle, rotation and scalifrrtog and Reijns (2014¢commend

that imagesshould be taken perpendicular to thi@e of sightor no more than 30 degrees off

thatline. Theda 2 T i SISNB Q82 Ay G SEGNI QGAz2y FEA2NAGKY 38§,

cloud) for each imge which can be compared with other files in the reference library to
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create a ranked ligiHartog & Reijns 2014The key points in the fingerprint files are matched

for sizes and separation distance to determine potential matching keyt pairs Thena
distance metric is calculated by summing the distances between each point pair and dividing
by the square of the number of key point pajktartog & Reijns 2014)owerscores indicate

a better match.

Where availablel selected three high quality images of the left and right side of each of the
30 individuals used in the key (n = 98; for some individuatdy had one or two images per
side profile) and loaded them into théd databasd.selected the region of interest contain

10 of the 11 characterdescribedn the written key ear lobules were not includediselected
three reference points to form a triangle around the region of interest: outer edge of nasal
hole, edge of eyeing, and the bottom edge of the tynamum Eigure 5.3. Photos were
annotated as left or right profile, and fingerprint files were created for each lizard. Then the
same 24 test photos that had been used to test the kgyndependent observersere run
through the S software and matcheathe database of the known 30 individudleecorded

the score metric, rank, and the processing and matching time taken for each test photo.

To get a sese of how well the algorithm could match photos of the same individual with each

other, I ran the inbuilt simpleevaluationtest. The entire database of 90 photos was matched

Figure5.3. Three reference points selected by the usereuired
by the FS Pattern software: 1) outer edge of nasal hole, 2) up

corner of eyering, and 3) bottom edge of tympanum.
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with itself, with 94 intra individual comparisons and 8010 comparisons overall. The evaluation
test reported the number and percentage of comparisons in the top one to 20 matches

(Hartog & Reijns 2014)

5.3 Results
5.3.1 Spot development and stability

Pigmentation spopatterna Ay { f I (i S Ndx&ringdarly growthRigh@i8efpabfilds

of end-of-summer neonates (n=6) had a significantly lower mean spot count tigatside
profiles of all adult skinks at the same time (n=29), on all scored characters: fewer marks on
temporal scales (character 2g2.74, p<0.05 d=1.635, on supralabial scalesljaracter 4,
ts=382, p<0.00], d=0.77F andon allinfralabial scale Gum ofcharacters El1, t1374.41,
p<0.001 d=1.32. Repeatnspection ofuvenileindividuals over the showed that these spots
appearedand then grewlarger and darker ovethe first summergrowth period Appendix
Tablel). In multipleimages, oveperiodsof 12¢36 months | found 10mature adultsetained

identical spot patterns.

5.3.2 Testing the key

Fromthe 24test photos,24 independent observersorrectly identified a mean df6.6+0.77
SE §9%) of individualsThere was no significant effect of egory of photograph, nor any
interaction effect between category and observer type, but there was a significantafiaot

of observer type (Table 5.30bservers experienced in wildlife survegntified a significantly

Table5.3. Results of a repeated measures analysis of variance comp
effect o observer group (experience vs. no experience) and categol
photograph (full lateral view vs. angled vs. obscured) on the proportio

correct identifications of each test photograph.

F d.f p
Observer 7.66 1,21 0.01
Category 0.01 2,21 0.90
Catagory x Observer 0.73 1,21 0.39
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Figure5.4. Proportion of correct identifications for each test photby

observers with experience and no experience.

higher proportion of photos corrély (74%) tharobservers without experiencé4%;Figure
5.4,"' » =0.25. There was no significant difference in time taken between observer groups
(two-sample Kolmogore®mirnov test D=0.269), with experienced observers taking an

average time of 17.8 £35.8 sand inexperienceadbserversl76.5+ 50.3 sper test image

| did not quantify the nature of the errors made by the observers. However, for some photos

GKS SNNBNE NBfFGSR (G2 I GFNAS(Ge 2F RATFSNByYI
the errors were consistent. Consistent errors appeared to be caused by reflective shine on

the subject, poor light exposure, poor focus, or a combination. Observers also appeared to

find certain characters more difficult to inspect than others. In paréiguinarkings on each

of the infralabial scales (charactergBl) seemed difficult for observers to distinguish. In one

test photo, where the individual skink was isolated without observers needing to make a

decision about the infralabial scales, 23 of 2%e@rvers correctly identified the individual.
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5.3.3 I3S Pattern

The $S Pattern algorithm correctly matcheshch of the 24 test photos within the top 21
matches Sixteen (6%) of the 24 test photosere matched as the number one rank, 20 (83%)

in the first fiveranks, and 2292%) in the first 10. Of the eight test photos in each category,
I*S Pattern correctly matched as the top match, six in category 1 (full lateral image), five in
category 2 (angled), and five in category 3 (obscured charaftegaje5.5). Closer inspection

of the two test images for which the correct identity wasked out of the top ten choices
revealed one of the most widely angled photos (70°) with high image contrast, and the other,
a high percentage of vegetion cover over the region of interestvith I*S | could match a

test image in an average time of 39.9 + 47.6 s, plus a processing time of 32.6 £ 4.3 s per image
(total time: 73 s or about 40% of the time taken by human observéhs) seHevaluation test
calculated 75.5% of correct matches ranked as the numbercbo&e and 92.7% in the top

20 matchesTable 5.3.

Figure55.BFf t F GGSNY O2YLI NRa2ya F2N YI G§OKAY:
included(a) subject at extreme angles to camera, and (b) some obscured characters. Dis
2y GKS NARIKG FNB GKS O2NNBALRY RA K indidaR

distance calculations between matching key point pairs
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Table5.4. Output from ®lf-evaluation results of$§ software for the
RFEGlFIolraS 2F pcfrp STFFSOGADS Hhey
number and percentage of comparisons were calculated in the

#X rank. *30 individuals with unique left and right sides.

Rank Number Percentage
Top #1 41 74.5
Top #2 44 80.0
Top #3 45 81.8
Top #5 46 83.6
Top #10 48 87.2
Top #20 51 92.7

5.4 Discussion

Thisstudy has been one of the first to explore the use of photographic identification for
individuals of a freganging, smh terrestrial vertebrate.l showed that with careful
examination of facial markings from good quality photos, developing an identification key for
individuals is possible in a species that has stable facial markaigs showed that observers

can use he key to score poorer quality photos, whether the face was partly obscured or at
wide horizontal angles to the camera. A key that discriminates on characteristics that can be
objectively described (e.g. presence/absence of marking on a particular szaleg wsed by

any observer, regardless of their familiarity with the species, or their experience in wildlife
survey. However, the key still requires a subjective assessment by the observer relative to the
RSaAAIYSNDa | 4aSaayYSy i Ihe sighifcantlyggreaiek (eXoBriarcdNEy A Y LIS
observers with experience suggests that fegperienced observers could achieve a greater

accuracy with more training, time and effort.

Testing of he computer matching algorithm3found the identification abity to be no better
than humanobservers In each photo category, the proportion of correct identifications with
Fdzi2YlFGSR YFGOKAY3 46l a O2YLI NI o6tS gAwak GKI G

able to correctly match some individuals from photos thabst observersincorrectly

41



ARSYUAFTASR | YR @A OS-asskSshént résults shlwedirgaching Irad® Q a

A)¢

below that of photo datasets from other taxa, and accordingly, the developers have
concluded that this particular algorithm is not well suitéo this species (J. Hartog and R.
Reijns pers. comm. 2013)%uspect that flash on reflective scales, shadows, variable lighting,
and other photo artefacts account for the low satfitching scores in this dataset. Epidermal
shine is common in skinks {@wdae), as determined by their relatively fine (smooth)
microornamentationArnold 20029 Ly O2YLI NR A2y X (GKS SIFadSNy ¢
structure was not reported to cause reflective issues in photos or be problematic fotShe |
software(Gardineret al.2014) Inthis study, an insufficient number of high quality reference
imagesmost likely contributed to the low score in theelfevaluationresults. Nevertheless,
those lower quality images represent a typical sampldestudy system. If this automated
technique is to be more widely useful it may be that separate new algorithms will need to be
developed toaccount for scalkshine and other species specific features, or that useable

images will need to come from a narroweat ®f ambient conditions, such as cloudy days.

While automated computeassisted identification had a clear time advantage, the higher
percentage of correct identifications of experienced observers suggests a possibletrade
between time and accuracyt there is some differential rate of misidentification between
human and computer assisted techniques, then, particularly for smaller populations, the

compromise of taking more time to achieve more reliableniification may be worthwhile.

| have shown tht developing an identification key for human observers may be a viable and
reliable technique, especially for a finite and small population. Where photographic images
can be collected easiland where there is sufficient variability in marking pattermscag
individuals the technique can be used to assess identity without substantial impact on the
observed population. While each of the alternative approaches, human or automatic
identification, has its advantages, it may be possible to use a combinafidheotwo. The

key could be used by human observers to narrow the field to a group of indivjduailsh

may then be separated based on other behavioural, spatiahorphological features. In the

latter case he computer system may be used.

The photogaphic key will be particularly valuable in the confident identification of previously
NEO2NRSR AYRAGARdzZEf &> FyYyR 2F ySg | Rdzf G Sy N
candidate individuals from the key are combined with additional information fifaid
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observations, including spatial stability and other distinguisiféagures of individual lizards.

For this endangered lizard species, the phmtentification key will be a valuable source of
information about spatial structuring of individuals inpapulation within a season, about
social interactions within a population, and about dynamical changes to population numbers
across successive seasasse Chapter 7)The key will also allow comparable monitoring
programs by different personnel in theawitable case of staff turnover in a conservation

management program.

Thistechnique may have wider direct benefidr camera traps, or motiosensor cameras
which are becoming increasingly popul&vhile, at present, camera traps cannot focus or
target a subject like a human operated camera, they have potential for individual
identification of reptile taxa. For exampl&/elbourne(2013)incidentally observed that he
could distinguish individuals of a small agamid lizArdphibolurusnuricaus (body mass <60

g), on the basis of ornamental spots, from camera traps. Recogtigpged individualsof
other speciesnay depend on the resolution of the camera, the size of the anandlthe
proximity to the camergMendozaet al. 2011) and on acquiring multiple images to get the
appropriate anglgHohnenet al. 2013) The method | have developdtere clearly haghe
potential to be applied to camerrapping studies and thus a range of terrestrial wildlife

monitoring and management applicatien

5.5 Summary

| demonstrated here that independent observers were able to sufficiently replicate my
selection of character states in the mutinoice key for an unknown individual. While the
independent observers did not score perfect marks on the test, tixese also not given the
option of checking their selection against individuals in a reference library. In practice, this
was my twestep identification method: narrowing the field with the key, and then checking
the match against the reference databasevési the relatively small size of the Orange Creek
population, | felt this study justified my use of photographic identification as a suitable
technique for the subsequent research, presented in the following chapters. In the next

chapter, | use photédentification to examine the temporal activity patterns lof slater.

43



Chapter 6;Temporal activity patterns

Land managers and ranger groups in central Australia are invested in monitoring and
managing populations df. slateri However, survegnd monitoringprotocols br the species

are not fully developed. Here | address the issues of detectability and sampling effort in
surveys ofL. slaterj by investigating both seasonal and diel activity patterns in the species
This chapter has been adapted from the publicatidreilibs, C.E., Pavey, C.R., Raghu, S. &
Bull, C.M. (2016). Weather correlates of temporal activity patterns in a desert lizard: insights

for designing more effective surveykurnal of Zoology00, 281¢290.

6.1 Introduction

Intraspecific variation in behawoal activity among individuals can be inherently difficult in
surveys of animal populations, particularly of rare or inconspicuous taxa. In populations
where individuals occupy independent shelter sites, variation in their times of activity
influences whih individuals are detected at a given tirf@aughley 1977; Siet al. 2001)

The observational bias arising from this differential detectability among individuals may cause
erroneous estimates ofkandance or of other population metrics that assume an equal
detection probabilitfRamsey & Harrison 2004; Thompson 20H)wever, detectability may

be improved under particular environmental conditions, for instance seasonal or weather
conditions, which increase detection among individuals in a population. Timing surveys to
O2AYOARS GgAUOK Tl @2dzNI 6t S O2yRAUAZ2Yy A (Kdza
of the study species and optimise survey effd@sinet al.2001; Brown & Shine 2002)

Low detectability is common in deserts where extremes of temperature and aridity constrain
surface activity of many animals (and researchers) over extended periagaeflimiting

opportunities for behavioural observation. Most desert organisms avoid extreme conditions
by being nocturnal and selecting shelter sites, such as burrows, that buffer extreme

temperature and relative humidityWhitford 2002) When there are extreme conditions at

Y I €

the surface (e.g. where temperatures may exceed 60°C and humidity is <10%) animals can

either move above (to perch sites) or below the surface (into burrows) to consideeghlge
thermal and hydric stresgWhitford 2002) Many desert ectotherms burrow below the
surface or use burrows of other animals, which affords thermal buffering, constant humidity,

and a retreatfrom predators and extreme weathe{Greer 1989; Kortneet al. 2008)

44



Exposure to air temperatures greater than 45°C can be lethal for most reptiles, with the
critical thermal maxima for heliothermic, surface active skinks ranging from 38 td @&&&r
1980; Bennett & JohAlder 1986) However, at 15cm below the surface, temperatures are
consistently between 28 to 32°C, and humidity increases td@0% at 45cm deptfHenzell
1972; Whitbrd 2002; Kértneet al. 2008)

During periods when animals are not physiologically constrained by extreme temperatures,

they can safely leave their burroGosta 1995; Bradshaw 199These opertve conditions

FNE STFFSOUAPSteEe GAYS WHAYR264Q 6KSY O2yRAGA
foraging, basking, and matearching. For diurnal reptiles, this often results in a bimodal

pattern of activity during hot summer months, with a paaksurface activity in the morning

and late afternoon, and a single midday peak during cooler periGtsudsleyThompson

1991; Adolph & Porter 1993; Dodd al. 1994)

Within these time windows, activity patterns may be either fixed or opportunistically flexible
over a 24hour period with changing abiotic and biotic conditiof@S8ordonet al. 2010a)
Activity may be influenced by a range of intrinsic and environmental factors including food
resources(Gordonet al. 2010a) reproductive conditior(Keoghet al. 2012) body size and
age clasgCarothers 1983)gender(Brown & Shine 2002, but sétuey & Pianka 200/level

of interspecific competition(Huey & Pianka 1983; Gordaet al. 2010a) energy budget
(Adolph & Porter 1993; Kearney 20X8)d water balancéKearneyet al. 2013) The level of
activity will also differ among species depending on their foraging n{btiey & Pianka
1981) In social species, social interaction betwamnspecifics also may influence patterns
of activity(Qiet al.2012)

Given the strong association between ectotherms and their thermal environment, air
temperature typically has been considered the main influence on the surface activity of
reptiles(Huey & Kingsolver 1989; Adolph & Porter 1993pwever, empical studies suggest
that ambient temperature may have a greater influence on activity levels in temperate than
in tropical speciegShine & Madsen 1996; Brown & Shine 2002; FRiee<et al.2014) While
tropical species have been understudied compared with their temperate counterpart® ther
are still fewer data on desert species. Compared with the relatively stable ambient
temperatures of tropical climates, the highly variable temperatures of desert environments
may play a more significant role in the time of activity of desert ectothéDasiset al.2008)
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{ £ I 0 S NIpahols $lakeyli§ anendangered desert reptilevhich, historically, has proved
difficult to locate (Pavey 2004a)Contradictory statements have been published about its
activity paterns indicating theyare not well understoodWilson and Swan (2013) described
the species as crepuscular to nocturnal while others reporteduandl, bimodal activity,
focused in the hours just after sunrise and just before surfsknzell 1972; Pavey al.2010;
McKinneyet al. 2015) While mostcongeners oL. slateri(formerly Egernia,Gardneret al.
2008)are diurnal, somel(. kintorei, L. striatand L. inornatd are crepuscudr to nocturnal,
with flexible activity patternglepending orenvironmentalconditions(Pianka & Ges 1982;
Pearsoret al.2001; Chapple 2003)iopholis slatermay show similar flexibility, but no study

has investigated its activity outside of daylight hours.

In this study | explored thediel and seasonal activity pattesrfor L. slateriat both an
individual and populatioffevelin relationto localweatherconditions and time in the season.
Thisstudy was a correlative one, without any attempt to deduce the causes of the patterns
observed. Insteadl asked broader questions about whether thenas a particular set of
conditions that were associated with greater levels of surface activity that would maximise
the effectiveness of population surveys for this species and potentially for other desert

reptiles.

Specifically asked:
a. Whenis the best ime to surveythe populatior?

b. How many visitere neededo surveythe majority of thepopulation?
c. Isthere variation in individual detectability?

| also asked whether this species was active at night andthewlaynight activity pattern of

anindividualchanges over a survey year.

6.2 Methods

6.2.1 Study species

Lizards in the genusiopholisare semifossoria) burrowing specialists that use an ambush
foraging strategy, staying in close proximity to the burrow entrance when they enfévge
et al. 2015) Individuals ofL. slateritypically emerge from a burrow and sit at (or near) a
burrow entrance to bask and wait for prey as their major actiyfgnneret al. 2012a;
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McKinneyet al. 2015) Liopholisslateriis active during the springummer period after over
wintering, typical of many ectotherms in desert and temperate regidasnes & Shine 1985;
Adolph & Porter 1993)

6.2.2 Study site

Thestudy site wasat Orange Creek H 0 ¢ p ¢ { ,240 kmosatle west of9Alice Springs,
within the MacDonnell Ranges bioregion of the Northern Territory, Australia (see Chapter 4
for details). The study was conductedver four austral springsummer periodghereafter
NBETSNNBER {2 )lfrém Dé¢cenibed2@éo Agri2D18EgOre 6.). Over the entire
study period | detected D4 active burrows at the site, with usually 49 to 52 burrows occupied
per survey yeafsee Chapter’). No lizards or active burrows were located during intensive
searches over sever&ilometres beyond the studgite, leadingme to conclude thatmy

research effort encompassed all the individuals of the study population.

6.2.3 Population survey

| usedphotographic identificatiorfseeChapter $to identify individuals within the population
from a reference collectiof their photograhs. | surveyed those individualas often as
twice per week in each survey year (2Q12 = 20 surveys 201213 =37; 201314=7;
2014c15 =62). Of the 126 surveys, 94 were in the morning soon after sunrise (batQ&e0
0830 hrs), while 32 were late in the afternoon, just before sunset (Z980hrs).On each

vigt all known burrows were surveyed twitevarying direction and survey sequence each
timet and nearby areas, within and outside of the previous populatideréxwere searched

for new burrow activity that may have occurred since the previous Vikie. second survey
usually started within 10 minutes of finishing the first. Typicaiig same lizards were again
seen on the second pass leadimg to conclude hat any observer influence was probably
minimal.For each burrow on each visitecorded if dizard was outside a burrow on at least
one of the two surveys. On each survey visit, | derived an estimate of lizard activity from the
number of lizards obseed sitting at a burrow entrance. Data for all visits across years were

collated and analysed together.
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Figue 6.1. Monthly rainfall (dark grey bars) recorded at Alice Springs airport weather stz
(#015590) over the four survey years (light grey shadinghefstudy period Decembel
2011-May 2015 (source: Bureaf Meteorology).

6.2.4 CART modelling

| explored the influence of weather conditions &n slateriactivity using classification and
regression tree (CART) models. CARTsaasenple but analytically robust technique of

describing variation in a single response variable through recursive binary partitioning of

multiple explanatory variable§Breimanet al. Mmpy n T 5SQF 4§ K 3 CARF 6 NA OA

algorithms work by selecting a single explanatory variable and a valuedovdhiable that

best splits the dataset into two mutuatigxclusive groups (e.g. surveys with high or with low
skink counts) that are most homogenous (pure); the splitting process is then repeated for
each subkgroup until an impurity threshold is reachdd@herneauet al. 2015) CARTs can
handle multiple types of covates, collinearity, and missing values, and they are relatively
simple to construct and interpret, often uncovering patterns that traditional linear models
may noté 5 S Q IFabficius2000; Cutlet al.2007) While CART modelling can be used for
both exploration and predictionl used the approach to explore weather conditions that

might be optimal for survey when there was greatest lizard activity, using the count of
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individuals observed active per visit as the response variahised descriptive (unpruned)

trees to examine activity patterns in relation to key weather varialdes S QF G K 3 CI 6 N
2000) | dza SR { K @herddiet NROD5) | v R W LYHOHD® & Keildls 2015)

packages in R Core Team 2016) generate the CART models and visualise the resulting

trees.

| used daily observations from the nearest Australian Bureau of Meteorology weather station
(Alice Springs Airport; 10015590 about 33 kmfrom the study site) to generate 14
explanatory variables for use in the CART models (Tab)el ran separate analyses for the
morning and afternoon datasets, using the 09:00 observations of relative humidity,
temperature, wind speed, atmospheric pressand cloud cover for morning activity and the
15:00 observations of the same variables for afternoon activity. Other daily weather
observations were used as covariates for both the morning and afternoon datasets, including
parrevaporation, minimum overght temperature, rainfall in the 24 hours prior to 09:00, and

five lagged rainfaltelated variablegTable 6.).

6.2.5 Survey effort

L ISYSNIGSR NINBFIFOGAZ2Y O @KEemtaldals)id dssedskK S WG S
the survey effort in each of the four yeaf@/angeret al. 2009; Gotelli & Colwell 20119r

both neonates (individuals born during thergay year) and other individuals at least in their

second season. To assess the degree of individual variation in detectability, | also calculated

a weighted sighting probability for each individual over a period R, their effective residency

time in the pgulation petween the first visit and the last visithen the individual was

sighted (Equation 6.1). For this assessment, | only considered individuals that had been
resident for 10 or more visit® avoid skewing the data toward perfect sighting probitibs.

Sighting probabilities between neonate and nAe@onate groups were compared with a

t-test.

{AIKOGAY 3
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Table6.1. Explanatoryariables used ih ! w ¢

Y2RStfAy3
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alayl
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Alice Springs weather statipor derived from rainfall observations. Mean and standard deviation (SD) for each covariate is listed for the corres

morning (m) and afternoon (a) datasets.

Covariate Units Mean (m) SD (m) Mean (a) SD (a)

Observations at 0900 hrs local time
X9am.RH Relative humidity at 9am percent 12.1 16.6
X9am.temp Temperature at 9am degrees Celsius 25.9 5.6
X9am.wind Wind speed averaged over 10 minutes prior to 9am kilometres per hour 16.9 8.1
X9am.pressure Atmospheric pressure reduced toe@n sea level at 9am hectopascals 1014.1 4.8
X9am.cloud Fraction of sky obscured by cloud at 9am eights 2.2 2.7

Observations at 1500 hrs local time
X3pm.RH Relative humidity at 3pm percent 16.2 8.9
X3pm.temp Temperature at 3pm degrees €lsius 30.8 5.5
X3pm.wind Wind speed averaged over 10 minutes prior to 3pm kilometres per hour 19.6 6.8
X3pm.pressure Atmospheric pressure reduced to mean sea level at 3pr hectopascals 1011.6 4.6
X3pm.cloud Fraction of sky obscured by cloatd3pm eights 3.2 2.5
min.tempt Minimum temperature in the 24 hours to 9am degrees Celsius 15.8 6.4 14.5 6.3
evap Class A pan evaporation in the 24 hours to 9am millimetres 111 3.5 10.2 3.7
rainfalt Precipitation in the 24 hours to 9am millimetres 0.4 1.7 0.3 1.8
dsrair? Days since rainfall days 34.0 37.8 44.3 37.9
dsrain2mn? Days since rainfall greater than 2 mm days 53.8 38.5 39.4 43.3
dsrain5mn? Days since rainfall greater than 5 mm days 64.7 54.1 73.9 52.0
dsrain10mm Days since raiafl greater than 10 mm days 70.6 56.0 73.9 52.0
X7day.raif Cumulative rain over the past 7 days days 2.1 5.6 8.1 34.1
Xl14day.raih Cumulative rain over the past 14 days days 7.0 17.9 10.1 35.1

Sources:

!Bureau of Meteorology daily data for Alice Bigs airport (purchased)
2Derived from Bureau of Meteorology rainfall observations
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6.2.6 Diel activity survey

To further understand how individual actiyitnight vary over a dagight cycle ata higher
temporal resolution, Igathered activity data from individual lizard burrow entranceés.
positioned timetriggered cameras(Reconyx Hyperfire HC500) foedson one single
entrance burrow (OC99) from Novemb2012 to May 2013, and on three other burrows
(OC72, OC57 and OC118) for Wweek peaiods duringApril 2013 (OC57), November 2013
(OC57, OC72), August 2014 (OC118), and September 2014 (®€4diBed the cameras on
900 mm aluminium fence spacers set at #om the burrow, angled downward toward the
burrow entrance.l set the cameras to trigger every 30 minutes because motion detection
triggers were unreliable for this mostly sedentary lizdrassessed activity based on resident
lizard presence or abseaat the burrow entrance in each of 6420 khaturly photos, and
coded these by tag in the photo metadatahen extracted date, time, temperature and tag
from the metadata with ExifTool (ver 9.98arvey 2015and used listed sunrise and sunset
times for Alice Springs (source: Geosciences Australia2014) to classify activity into day

and night observations.

| also sourced halfiourly weather obserations from the Alice Springs airport weather station
for the period of November 2012 to May 2013 to match with the seven month set of half
hourly photo data AppendixTable 2. | constructed CARTS using presence/absence data as
the response variable wit24 halthourly weather observations as the explanatory variables,

and ran separate analyses for the day and night datasets

6.3 Results

6.3.1 Population survey

During the 94 morning surveysecorded a mean of 6.0 (£ 0.4 SE) lizards at their burrow
entrances pevwisit. CART modelling showed the highest counts (mean 10.8 + (BcoE}Ed

during the eight surveys when rainfall in the previous week was greater than 1.1 mm and
when the relative humidity at 09:00 on the survey day was greater than 4 Fkpdéré¢ 6.2

The fewest lizard counts (1.8 £ 0.5 SE) were on the 11 survey mornings when the rainfall in
the previous week was less than 1.1 mm, the 09:00 relative humidity was less than 22.5%, the
09:00 air pressure was less than 1014 hectopascals, and there hadrweerthan 23 days

without rain greater than 2 mm.
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Figure6.2. Regression tree for skink counts on morning visits (n=94). Data are partitioned by
weather observation from the Alice Springs airport (Table 6.1). Each split (nonterminal noc
labelled with the node number (square box), the variable (circled) and the variable values («
lines below) that determine the split. Terminal nodes are labelled with thelrar of visits for the
corresponding set of conditions, and display the distribution of observed values (i.e. skink ¢
in a box plot. For example, reading from the top to the right side of the figure, the highest 1
skink counts were observed whemetrainfall over the seven days prior to the field visit (X7day.r:
was greater than or equal to 1.1 mm and the relative humidity at 09:00 h on the day of the

visit (X9am.RH) was greater than or equal to 47.5 %.
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Figure6.3. Regression tree for skink counts on afternoon visits (n=32). Dat:
partitioned by daily weather observations from the Alice Springs airport (T
6.1). Terminal nodes are labelled with the number of visits for

correspondhg set of conditions, and display the distribution of observ

values (i.e. skink counts) in a box plot.

During the 32 afternoon surveyktecorded a mean of 6.3 (x 0.6 SE) lizards at their burrow
entrances per visit. observed highest skink counts (mean 9.0 + 0.7 SE) in relatively windless
conditionson 11 afternoons when the wind at 15:00 was less than 15.7 knifigu(e 6.3

On windier day$ observed more lizards when the 15:00 temperature was more than°€9.1
(14 afternoons, mean 5.7 £ 0.7 SE) than when it was cooler (seven afternoons, mednl3.2 +

SE).
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6.3.2 Survey effort

Rarefaction curves indicated that observers required about 24 visits to sight all individuals of
the population (Figure 6.4a). Fewer surveys were required to sight all neonates (about 14
visits, Figure 6.4b) than nemeonate individials (about 20 visits, Figure 6.4c). Individual
neonates had a higher megh= 3.86, d.f. = 9.7, p < 0.00&)d lower variance of sighting
probability than norneonate individuals (Figure 6.5). There was difference in sighting

probability between mormg or afternoon visits (t 6.14, d.f. = 34p =0.88).

6.3.3 Diel activity survey

One visually distinct individual lizard, S22, was resident in burrow OC99 throughout the seven
month period of hakhourly camera data. This individual appeared in 34.5% of athyof
photographic observations (n=2214/6420). | regularly observed long sequences of 10 to 29
consecutive images (€@n ®p KO @gAGK GKS fATFNR NBYIFAYyAy3
those sequences, the lizard seldom changed its general positidmpuglh there were
occasional small adjustments in posture from one image to the next. The motion detection
trigger showed 14 foraging bouts each of less tB@minutes within the seven month filming
period, when the lizard moved away and then reappearethatburrow entrance. | cannot

be confident if there were any more of these, or if other absences from the burrow entrance
meant the lizard had retreated into the burrow (inactive) or had left to forage (active).
Nevertheless, | assumed that | could ugtrg] at the burrow entrance as an approximation

2F GAYS ALyl al OtA@dSe 2y GKS &adz2NFIF OS O0APdSO

L F2dzy R aKAFda Ay O krightadiviySpatterysRunedd mRatehstoged 0 { H
the course of one survey yedfigure6.6a). This lizard regularly exhibited nocturnal activity,

which peaked from December to March, the hottest months of the year. In those months

more than 50% of its emergences were at night. Occupants of two other burrows (OC57 and
OC72) als showed nocturnal activity in NovembeFigure 6.6b), suggesting that the

nocturnal behaviour of S22 was not uniqgue amanglateri
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Figure6.4. Rarefaction curves for the number of individuals detected per number of visits tc
population over four survey years for (a) all individuals, (b) neonates, and (¢)eworates. Cross
hairs mark the intercept of where the asymptotic line leaves the 95% C.I. interval for the :
2015 rarefaction curve i.e. greatest survey effort (n=621420015). These crosbair points
approximate the number of visits required to survey all members of the respective group €

(a) about 24 visits are required to sight all individuals.
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S22 was visible inthe hdif2 dzNI @ A Yl 3S&a 6 WLINB & Sy  Qayight 2 NJ H &2

hours (n=643/3141) and 48% of observations during the night (n=1571/3279). CART
modelling of the dalyght dataset showed temperaturat the time of the photographic image

was theprimary variablein splitting the datasetAppendix Figure )1 Absencesvere more

likely when air temperatures were greater than or equal to 30°C (n=2189/2492: 87%

probability). Presences were most likely (n=122/139: 87% probability) when the air

temperature was less than 30°C, the dewpoint was greater tdalfC andthere had been

fewerthan 16days sinceain.

For the night dataset, CART models showed the meilableinfluencing presence or absence
of lizard S22was rainfall in the 14 days preceding the observati@ppendixFigure 2.
Absences werenore likely whenthere had been relatively heawginfall (more than 24 mm)

in the previous 14 days (n=307/323: 95% probability). Presences were more likelyhghen
had been some rain, but not a lot (224 mm)in the previous 14 days (n=437/527: 82%
probability).

6.4 Discussion

In this chaptey| exploredthe weather conditions that correlate with surface activity of a
desert ectotherm. Key explanatory variables that were featured in the CART models showed
that, in general, lizards were more active in Agesiccating conditiongtigher humidity, more
recent rainfall, lower evaporation rates, and lower wind speed. Air temperature and humidity
had an influence on surface activity but their influence varied between the morning and
afternoon datasets. Although the afternoon sampleesiwas smaller, the data appear to
suggest that lizards respond to different weather influences at different times of the day. This
pattern was consistent whethdrcompared morning and afternoon surveys, or daytime and
nighttime photographic recordd.also found evidence of previously unreported nocturnal

activity during the hottest months of the year

Theresults support the findings of another correlative study of reptile encounter @esvn

& Shine 2002})hat found no strong association of a single covariate, or set of covariates, with
activity levels. Ithis study, the broad range of conditions in which high lizard counts occurred
¢ not exclusive to any particular set of weather conditigrsiggests that other factors, such

as individual variability in both activity patterns and foraging success, may be involved. The
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large variation inmy calculation of individual sighting probabilities supports this
interpretation to some extent. Other stuels have reported that diel cycles of behavioural
thermoregulation in lizards follow a circadian rhyth{ierret al. 2008)that may be out of
synchrony among different individuals. Additionally, a growing body of literature shows
lizards have individual preferences and intndividual variability in behavioural type
affecting their activity levelgStampset al. 2012; Spiegekt al. 2015) These studies

demonstrate that the factors influencing activity patterns of an individual areptern

Thefindings of nocturnal activity, and of considerable flexibility in-daght activity patterns,
suggest thatlL. slaterimay have a greater daily time window for foraging than previously
considered in climate change modedlmpholisslateriand L kintorei, were identified as two

of the lizard species in Australia at high risk of extinction from climate change under a
warminginduced activity restriction scenari®@inervoet al. 2010) However, the modelling
behind this prediction consideret. slaterj along withL. kintorej to be diurnal(Kearney
2013) Opportunistic nocturnal activity has been demonstrated in the usually diurnal lizards
Ctenotis pantherinugGordonet al.2010b)and Tiliqua rugosdKerr & Bull 2004) and should

be considered for other lizards when modelling impacts of climate change.

CART models are a simple mawerful means of searching for patterns in datasets with a
large number of covariates. Compared with daggluction techniques, the output models

are relatively easy to interprét 5 S QI G K g CWith Nefatiely dniall data sefs,as in

this study, we can only exfore the trends without an assessment of the rigour of the
interpretation. With larger data sets, CARTs can be developed for a subset of the data (i.e. a

training set) that can then be tested on the ramder to assess the model fit.

In the case of enviranental variables, it is clearly desirable to have measurements taken
from as close to the study species as possible. In this stndyse of data from a weather
station 33 km away is likely to have decreased the spatial and temporal precision of the
obseved correlation, particularly with patchy, localised rainfall, butas expecting strong
regional correlations with the other variables. Future studies may consider installing a local
weather station or data loggers, but this will be a traafé betweenenhanced local accuracy
and a reduced number of environmental variables compaséith those that a Bureau of
Meteorology weather station can offeNevertheless, the method provides a useful guide to
advise on optimal times to monitor activity in speciéattare not regularly active. As more
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surveys on thiendangeredskink are completedye may be able to more precisely model the
occupancy of this species across space and in relation to key biotic and abiotic (Atitsis

et al.2013)

6.5 Summary

The results | presented here will enable monitoring rounds and surveys to be targeted to the
environmental conditions that increase detectability for slateri Specifically, monitoring
success might be increased by timing surveys to-aesiccating weather conditions.
Repeating survey visits to a population wl8oincrease accuracy of abundance estimates. In
the next chapter, | investigate the persistence strategly.sfateriby tracking thespatialand

temporal dynamics of the OraedCreek population.
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Chapter 7.Spatial dynamicand burrow occupancy

Liopholis slateris a floodplain habitat specialist; populations occur along both major river
channels and minor watercourses within the MacDonnell Ranges bioregion (see Chapter 3).
Desert floodphins are highrisk habitats, where persistence is a traoi# between the
advantages of relatively abundant food resources, and the costs of episodic surface
disturbances from infrequent, but unpredictable, rainfall events. In central Australia, there
arefew nonflying, terrestrial vertebrates that are specialised floodplain occupants, and their
persistence strategies are not well understood. In this study, | examined how a population of

L. slateripersists in these disturbangarone habitats.This chaptethas been adapted from

the manuscript:Treilibs, C.E., Pavey, C.R., Gardner, M.G., Ansari, T.H., Johnston, A. & Bull,

| da® 6HAaMcUO® {LIGAFE ReylFYAOa |yR didpgidN2 s 200

slateri (To be submitted.)

7.1 Introduction

Water poses two contrasting challenges for species in arid environments. For extended
periods, water availability is limited, and then, infrequently, flooding flows from heavy rainfall
can dramatically disrupt ecosystem stabilifschwinning & Sala 2004Water from
intermittent precipitation (rainfall, hail, snow) is redistributed through the landscape by run
off, or stored in the soil, depending on rainfall intensity, antecedent moisture, slope, aspect,
soil texture, locrust, micraclimate, and intercepting featurgdNoy-Meir 1973; Ludwigt al.
2005; Collin®t al.2014) As a consequencspil waterin a given arid habitat is natirectly
relatedto the amount of rainfallbut influenced by the topographic and edaphic properties
of the K I 6 A pokitiorQid the landscapéAyyad 1981) Positive feedbacks between plants
and available soil moisture mean that soil texture and landform also largeérrdate the
structural stabilityand productivity of the habita{fNoy-Meir 1974; Crawford & Gosz 1982,
Peters & Havstad 2006; Nano & Pavey 2013)

The variable topography and rainfall of arid landscapes creates a mosaic of habitats that differ
in productivity and physal stability. As an examplgsand ridges are morstructurallystable

and productive tharadjacentgibberclay habitatdbecausanoisturecaninfiltrate further into

sand promoting deeper rooted perennial plan{dlano & Pavey 2013)n contrast, rocky

range habitat is stable physically and provides thermal buffering from environmental
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variation in temperaturebut resource availability is comparatively I¢eg. Gilfillan 2001a;
Geiser & Pavey 200 Mesert riverinehabitats (ephemeral rivers and floodplains) provide a
contrast to the remainder of the arid landscape. Because of gheater availability of
moisture, often in the form of groundwater, these riverine areas peesistentlyresource
rich, relative to adjaent arid areagPickup 1991; Kingsford 2008hese areas haueliable
sal moisture, nutrients, and shelter and food resources for consuni@taffordSmith &
Morton 1990; Gilfillan 2001a; Frest al. 2013). However, the high resource availability is
associated withunpredictable, and usually infrequengeriods of high levels of disturbance
from heavy rainfall. These events cause river flows, inundation, lateral overflow and major
sedimenterosion anddeposition. Terrestrial organisms that inhabit riverine environments
and exploit the high resource availability periods of low rainfallneed to have evolved
mechanisms for persistinpere, despite the intermittent pulses of disturbanesehen there

are mgor rainfall events.

How animal populations persist in thesproductive buthigh-risk environments is not well
understood.In fertile environments with reliable resources, iestory strategies of higher
order consumers tend towaslpersistent, rather tlan opportunistic strategiegGilfillan
2001b; Mortonet al.2011) In these areas, long duration of high levels of resource availability
will result in relatively small increas@s resourceabundancen response tdarge rainfall
events(Morton et al. 2011). Thusl predict that species in these habitats would persist at
relatively stable and persistent abundances in contrast to the irruptive dynamics that are a
feature of populations in nearby, more resource poor, arid environments after. e
guestion is how species persist to exploit these stable resources despite occasional
disturbance.Shmidaet al. (1986)postulated that organisms colonising areas with episodic
surface disturbances should have fast, loagge dispersal mechanisms and/or abilities to
cope with surface disturbance3hese might include the ability to fly, live in trees or to dig
burrows where thod damage is least likelin areas of highlood frequency individuals of a
floodplain species without these abilities may periodically be extirpated following flood
events with persistence reliant upon recolonization occurring from adjacent uplandsare

(seeMcDonaldet al.2012for an examplg

Understanding the mechanisms by which terrestrial species pemngiksert riverine habitats

is of some urgengygiven the prediction for an increase in frequency and intensity of extreme
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rainfall events in the latest climate modelling for arid Austrdiadly 2015)increased rainfall
events may be anssue particularly for specie that currently occur in smalbkolated
populations which arealready subject to new environmental pressures from invasive species
and human habitat alteration. In central Australia, although a number of species occupy
floodplains as well as other habitats, specialised terrestrial floodplainpacts are rare.

{ £ I 0 S NIohphols $ldteyii$ one such desert floodplain specialist, and it is endangered.
The species has previously been recorded, relatively recently, at floodplain sites where it now
no longer occurs. This pattern of disappearanmplies relatively recent local extinction
(Pavey 2004a)lt also indicates that population sitewe ephemeral, although a critical
guestion in the conservation management of this species is whether there are source
populations that can recolonise these sites. The small body size of these lizards means they
do not have high mobilityand they live n burrows rather than in the trees, so they would
appear to be particularly vulnerable flooding disturbances. In thisudy, linvestigatel what
adaptive strategies this species has adopted to persist in this hadiapite the periodic
disturbances. 12 6 a SNIWSR | L2 LJdzf | G A2y 2% upderstan®tNeRa a1 A
spatial and temporal patterns of individuals within a populatisite in this dynamic

landscape.

| predicted that this lizard species would respond to the reliable resources iifo@dplain
habitat by showing high site fidelity and relatively low fluctuations in population sizmng
years. Ipredicted that it would have evolved a relatively mobile strategy, with individuals
exploring alternative burrows within the population eito allow them to rapidly adjust to
any flooding induce local burrow destructions. d&lso predicted some dispersal related
dynamical adjustment to the population boundaries, as individuals continually explored new
site opportunities, allowing them the ékibility to adjust if prts of the site were made

inhospitable by flooding damage.
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7.2 Methods
7.2.1 Studysite

Thestudy was at the Orange Creek populatiite (see Chapter 4 for details bfdrology at

the study site).The population was first located in 2008 previous study in the 2082011
springsummer recorded 16 individuals and 16 active burrows at the (gitecenner pers.
comm.,Fenneret al. 2012) My study was conducted over the austral spring and summer of
the four following seasons, 2042012t0 20141 n mp O KSNBF F1 SNJ NBEFSNNBR
from December 2011 to April 2015. Althougimcorporatethe 201(;2011 results in this
study, in that first season, only seven individuals were captured and photographed to a
resolutionthat could be used for individual phoidentification (see below). Additionally

had limited oppatunity for surveys in the20132014 survey yeadue to chronic illness
Rainfall over the studiell predominantly during the summer months, with extensive periods
of several winter months with no rain at adburing the study there was one foday period

of heavy rainfall (186 m) in January 2015 (Figurel).
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Figure7.1. The periods of study in each of the four survey years (light grey shading) in re
to total monthly rainfall (dark grey bars) recorded at Alice Springs airport weather sti
(#015590) Decembe?011 ¢ May 2015 (source: Bureau of Meteorology). Heavy rain
(186mm) in January 2015 fell over 4 days.
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7.2.2 Population survey

| used a photographic based mamicapture method to track individuals over tin{see
Chapter 5. | surveyed the lizard individuals in the population, as describe@hapter 5as
often as twice per week in each survey year (2(P1= 20 lizard surveys2012;13 =37,
2013;14=7; 201415 =62). Of the 126 surveys, 94 were in the morning soon afteriseinr
(between 06000830 hrs), while 32 were late in the afternoon, just before sunset
(1700;1930hrs). Lizards were always sighted sitting in the entrance or immediately outside
of their burrows, and could be photographed for subsequent identification. Aeviously
described| wasconfidentl could reidentify adults and suadults from their spot patterns
across years, but ontogenetic changes in markings durinly gaowth made it difficulto
determine if apparently new adults in one year were new inmamgs or recruitedneonates
from a previous yeait could more confidently link neonates in one year to swults in the

next when they appeared next spring in their natal burrow systeeeChapter 5.

On each vis all identified burrows were surveyetlice, varying direction and survey
sequence each time. Additionally, each site visit, nearby areagthin and outside of the
previous population extent, were searched for new burrow activity that may have occurred
since the previous visit. Each sitsitvtook about 2.5 h to completel-or each burrow)
recorded the identity of each lizard sighted on at least one of the two surveys during that visit.
No lizards or active burrows were located during intensive searches over several kilometres
beyond the tudy site.These external searches took about 3 hours and were repeated
twice each survey yeam these searches particularly focusd on floodplain habitat along
Orange Creeland associated tributariedoth up and downstream from the study sitanch
found no evidence o&ny burrow structures. While it is possible that some isolated and
obscure burrows may have been overlooked, | concluded timgt research effort

encompassed all the burrows and their individual occupants in the study population.

7.2.3 Burmrow status

| recorded a burrovas having occupancy status ihade at least one visual sighting of skinks
using that burrow ateast once during the studyn addition to the skink sighting surveys,
each month of each survey yearecorded the activityevel status of each identified burrow
(2011¢12 = 5monthly burrow statusurveys; 201213 = 9; 201814=2; 201415 = 7). Burrow

activitywas assessed in the morning, usually between Q2A00 hrswith about three hours
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Table7.1. Burrow activity level recorded each month during each survey.year

Activity level Criteria

Active Animal sighted OR fresh scats OR fresh tracks/digging
Recently active  Burrow entrances intact, clear, but no sign of current activity
Not active Burrow entrances intact but debris or cobwebs block entry way
Derelict Burrow entrances partiallgollapsed, but an entryway is detectabl
Long derelict Burrow entrances barely discernible from surrounding surface

required to survey all burrows. Theactivity level of each burrow on each survey was
categorised according to descriptive criteria using the presence of skink signs and the
structural sate of burrow entrances (Table j.1Burrows were classed as active for that
month if a skink was obserdeat the burrow, or the burrow had fresh scats, tracks, tail drag
marks, or signs of recent burrow maintenance. In contrast, the entrance structures of derelict
or long derelict burrows were partig or wholly collapsed (Table §.Note that burrows that

had been abandoned at some time during the study could becoroeceapied at a later time.

7.2.4 Spatial dynamics

Although lobserved skinks away from their burrows only four times in 300 h of survey
observation | recorded regular changes between visits, ofthurrows that individual skinks
occupied. If an individual was sighted at a different burrow on successive hstsulated

the net displacemenbetween the two burrows as a straighibe distance and classed this as

a movement. Movement distances weercalculated using the Geospatial Modelling
Environment(Beyer 2012; R Core Team 2Q1&)enerated kernel density maps from these
movements and other spatial figures in ArcGIS 10.Ruaed chisquare teststo look for
differences in the proportion of movements (moved et moved) &ad movement distance

(long> 50 mvs short< 50 ) across months. Means are presented + standard error.

7.2.5 Genetic analysis

| collected fresh scat from outside burrow entranceswith the aim of identifying the
individuals occupying those burrows using malec genetic analysis.collected 113 scats
opportunistically throughout the four survey years, sampling from scat piles outside of 31

burrows, and with3¢8 scats from each scat pile.
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Scats were completely desiccated to preserve Ddliaviing the twaostep protocol for scat
preservation irNsubugaet al.(2004yp { OF 1& 6SNB LI I OSR AYRA QDA Rdz
saturated with 95% Ethanol (through the bag), and then stored on a bed of silica beads in an
air-tight container. Silica ks were monitored for moisture by checking the colour indicator

dye, and replaced as neededizard DNA was extractédtbm the scatsby A. Johnston at

Flinders University, Adelaidesing the method described Pearsoret al. (2015)

Individualswere genotypedoy T. H. Ansari at Flinders University, Adelaide 14 L. slateri
specific microsatellitdoci following Gardneet al. (in prep., seeAppendix 2. The resulting
genotypes were checked against eaxther in GENALEXv. 6.5(Peakall & Smouse 2006)12)

to identify genotypes from different scatd the same individuaMWhen alleles at all loci were
identical or only mismatched at a single lodihgy wereconsidered to béhe same individual
andaO2yaSyadza 27F (KS wés\biRaingo hddd iRthe filabdata seg LIS
These genotypes weresed as input t@oANCESTRM..0.1.5 (Wang 2011). Pairwise relatedness
was estimated between individuals using the QuellerGt estimator (Queller & Ggiadni
1989), rather than the Wangstimator, as QellerGt estimates were closest the simulated

true values iMlCOANCESTRY

Spatialautocorrelation analyses wemin by M. G. Gardner at Flinders University, Adelaide,
using GENALEX, to determine if the related individuals in the population were spatially
clustered. Here the inputvas individual pairwise shared allele distances and geographic
distances calculated from the burrow location XY informatitamalyseswere conductedat

two distance intervals, five and 20, each for five distance classes, to expelthe spatial auto
correlation at a fine and larger population scale. These distances relate to the distance
between burrows and encompasise spatial distance across neighbourhoods (see below)
For each of these analyses, values were permuted (10,00€s}ito test for significance
(heterogeneity test) confidence intervals for the correlograms were generated by

bootstrapping 9999 times.

7.3 Results

7.3.1 Population survey

Across four survey yearkcollected 796 photographic captures including 731 recaptures of
65 individualsl detected a total of 2623 adult and sufadult individuas in the population
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Table7.2. Number of different individuals observed in the population each survey y
Numbers in brackets are the numbers of Aoeonates new for that survey year. Not¢
some of the 10 new individuals in 262015 are likely to have been born in the populatit
the previous year (data from survey year 2044 were not complete because (
insufficient sampling). *Data from A. Fenner (pers. comm.). **Neonates from two bree

events in NovembegDecember 2014 (n=10) and March 2015 (n=5).

Survey year Norn-neonate Neonate Total
2010z2011 13 3 16*
20112012 20 3 23 (11)
20122013 23 4 27 (4)
20132014 6 - 6 (0)
20142015 21 15** 36 (10)

in each ofthe three comparable survey years (data from survey year ZW3l were not
complete because of insufficient sampling) (Tab®). In the two consadive survey years
GKId O2dz2 R 0SS 0O2YLI NBR T2NJ &dzNIJS2013h&dMatNI =
been previously detected in 2042012. Two of these adults were first observed in October
2012 and then remained in the population through to teed of the study in March 2015.

The other two were each observed once, one in January 2013 and the other in March 2013
and then not seen again for the remainder of the study (Figu2¢ These four new adults

may either have been previous neonates, n@aching maturity, or immigrants from another
population, although, as previously mentioned, intensive searching had failed to locate any

potential source populations in suitable h&dis within 20 km of the site.

Three adults were resident in the populati throughout the fouryear study period. One was
photographed in November 2010 befatfee study started (A. Fenner; pers. comm.), and was
last observed in September 2014, a residence duration of at least 47 months. Twenty two
individuals were observed imvo or more survey years. However, with insufficient sampling

in the 20132014 survey year, cannot be certain how many of the new individuals, first
detected in 20142015, had been present, perhaps as neonates, in the previous year. Of the
neonates, thre individuals detected in the first two survey years were probably detected

again in the following survey year as sadtults. One of them was first detected as a neonate
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in December 2012, and remained in the core area through to the end of the studygFigur
7.2).

Neonates were usually first seen at burrow entrances, often with an adult that | assumed was
their mother, in NovembegDecember, and were detected in every survey year, except in
20132014 when there was insufficient sampling during the Novergbecember period. |

also observedecond littes of neonates from burrows three neighbourhoodg¢see below)
inthe 20142015 survey yeafirst appearing itMarch 2015following the large rainfall event

in January 2015. Ten neonates were detectedNiovenber¢cDecember 2014 andive

neonates in March 2015.
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Figure7.2. Residency time of 65 individuals recorded within the population over four survey years. Adults (dark gragulsuflight grey) and

neonates (white). Seven individuals were photographed in the 2PA01 field season before the start of the study period.
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7.3.2 Burrow status

Over the study period detected a total of 104 burrows at the site that were occupied in at
least one of the surveyears, with 52 to 62 burrows (mean 58 + 3.1 SE) active on at least on
survey month in each survey year (TaBl8). Among these 28 burrows were constructed
during the study period and only ever used for periods of two monthewer. Without
regular burrow maintenance, burrows could change from active to derelict iara@ of
about 35 months.also observed derelict burrows become active. About 20% of the burrows
were used for three or more survey years, but discontinuously, with alternating phases of use
and disuse over periods of a few monthSourteen burrows wex used for some periods in

each of the four survey years.

After the 186 nm rain event in January 20150bserved sediment and debris accumulation
in open areas at the site from sheet flawross the surface. Howeversdw no evidence of
burrow entranceglestroyed or damaed by rainfall or surface flowduring that periodor at

any other time in the study.

Skinks were often detected in multiple burrows, asynchronously. Some individuals tended to
stay for long periods of several weeks at one burrow amshthey switched to anotherwhile
others alternated back and fdrt between neighbouring burrowsUp to five different
individuals (including neonates) used the same burrow over the course of a survey year but

were usually sighted at that burve at different times. lobserved 19 instances of burrow

Table7.3. Frequency distribution of the 104 active burrows detected during the sur

period (2011¢2015). 20192011 data are from A. Fennavith no formal survey.

Survey year  No. of surveys No. of active No. new Proportion
burrows burrows reused

2010z2011 16 16

20112012 5 52 42 19%

20122013 9 62 18 71%

20132014 2 32 1 97%

20142015 7 60 33 45%
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co-occupancy, where two individuals were sighted together at the same burrow on the same
survey day. Some cases involved the same two lizards observed together more than once.
There were 13 different pairs of éimds, five adult pairs, eight adedieonate combinations,

and one case of two neonates. The five adult pairs were observet@apying burrows at
different times of the season. One pair svadetected in early Septembeand was
subsequently observed matinghe other four adult pairs were observed in late September,
November, December, and in AmMay. | observed adulheonate and neonate

co-occupancy from November to March.

7.3.3 Spatial dynamics

Of the 73 photographic recaptures, 61% of recaptures (n=449)enafran individual at the
same burrow as the previous capturd.recorded 283 cases of lizards moving between
burrows. The proportion of recaptures in which a skink had moved or not moved differed
across months of the activity season (pooled across survgyars into months
Septembeg! LINJK £ 16.1, df = 7, p < 0.05). Lizards were more likely to have moved early in
the spring (SemDec: 0.42 + 0.03 SE) than later in thensuwer (JagApr: 0.34 + 0.03 SE).

The distribution of movement distancégtween segential visitswas unimodal and skewed
to the right, with a medn distance of 13.1 nfFigure7.3). | selected a 50 m threshold to
define short distance movements which separated 92.5% of the whtens from the
skewed tail. defined the remaining 7.5%f eecorded moes as long distance movements.
The proportion of long (>50n) vs short movements (<50) did notdiffer amongmonths
(.:2=5.34, df.= 9, p = 0.80).

| found distinct geographic and temporal clustering of skink activity within the population. |
generated a density map of the short distance movements, using the kernel line density
function (cell size 0.5 search radius 8m?) to delineate eight discrete areas of higke

(Al 0 GKIFG L GSNXYSR WySAIAKo2dzZNK22RaQ o0CA3IdzNB
distances between burrows, my observations showed they usually occupied burrows in only

one neighbourhood for most @ survey year. Thus | assigned individuals to a neighbourhood

per survey year based on the greatest number of observations, and used this to estimate

neighbourhood abundance (Table 7.4).
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Table7.4. Number of individuals detected in the populatieach survey year. Estimate ft

the 2013;2014 survey year not included because of insufficient sampling.

Neighbourhood 2011c2012 20122013 2014c2015
A Adults 2 3
Subadults
Neonates 1
B Adults 2
Subadults 1 1
Neonates 2
C Adults 5 5 4
Subadults 2 2
Neonates 2 3
D Adults 3 4
Subadults 3 2
Neonates 1
E Adults 1 1
Subadults 1
Neonates 1
F Adults 3 5 2
Subadults 1
Neonates 2
G Adults 3
Subadults 1
Neonates 5
H Adults 2
Subadults
Neonates 5
Outliers 1 4
Total 23 27 36
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Short distance movements within the eight neighbourhoods ranfgech a density level of

0.38 lines (movements) per 062 up to 2.48 lines per 0.5 M(Figure 7.4)Five of the
neighbourhoods (8F) were more closely groupedithin 110 m of each othgr and three of

these (BD) were adjacent. Neighbourhood A was locb#® m to the west of neighbourhood

B across the dry bed of a creek tributary, and neighbourhoods G and H were 48 m and 172 m
to the north east of neighbourhood F. Neighbourhoods ranged in area from ZA&nto
970m? (C), and in elevation from 623.00A%5L (burrows in the south of neighbourhood G) to
625.22 m ASL (burrows in the north of neighbourhood C).

Maps of burrow occupancy and movement over consecutive survey years showed significant
shifts in neighbourhood use over time (Figure 7.5). In the 2PQ12 survey year,
neighbourhoods C and D formed the core area of the population, used by about 65% of
detected individuals (Table 7.4). The following year (2@023) neighbourhoods A and F
were also used. In the 2042015 survey year, neighbourhoods BECand H were the main

centres of activity, used by about 77% of the populatamd neighbourhood A was unused.

Three outlier burrows, outside of the neighbourhood structure, and occupied by previously
unknown individuals (outliers in Table 7.4) were alstected in the 20142015 survey year.

Two were located 30 m and 50 m to the east of neighbourhood H and were occupied by a
sub-adult and adult respectively (see Figure 7.5e). The third burrow was located 462 m to the
northeast of neighbourhood H and wascupied by the same single adult individual for all of

the 20142015 survey year.

Individuals used @12 (mean 2.4 + 0.2 SE) burrows per season. Some longer term residents
moved between neighbourhoods within and between survey years ¢gamples Appendix

Figure 3).
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Figure74® b SAIKO62dzNK22Ras o0dNNNRga FyR Y20S8Y$S
four survey years (2at2015). Lines are movement distances less than 50 m (solid lines
greater than 50 m (dashed lines). Graduated circles are burrows of varying actigitg: m@nths
active (large circles),c@&1 months active (migize), and 45 months active (small).oBR/gons are
areas of frequent movements between burrows (<50 m) and delineate areas of higt
(neighbourhoods A through H) with movement distances of 0.38 linesR(ghtest shading) to

2.48 lines/0.5M (darkest shading). The pattern is shown with rfa)background and (b) with :
digital terrain model (25 cm ground sample distance).
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2011 (A. Fenner ps. comm.),(b) 201%2012,(c) 20122013, (d) 20132014, and(e) 20142015

showing short distance movements < 50m (solid lines) and long distance movements >50m (i
lines) between burrows and neighbourhoods. Graduated circles indicate number of gkingsa
burrow for the survey year: small (1 individual) to large (5 individuals); white circles repr:
locations of neonates. Two occugieutlier burrows are not showr27 m to the northwest of
neighbourhood A (for a short duration in 2@D13), and462 m to the northeast of neighbourhooi

H. occupied by the same individdat all of the 20142015 survey vear.
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7.3.4 Genetic analysis

Samples from 76 scatsere successfully genotypdar up to 14 loci and 28 unique individuals
were identified. In all instances, scats identified from the same individual were found at the

same burrow.

Twentyfive pairwse combinations of 17 individuals that were genotyped from their scats
were identified as possible siblings or as parent offspring combinations, using the QuellerGt
estimator of greater than 0.35 (Figures). These highly related combinations were disgers
across burrows and across neighbourhoods (Fign&. In four cases, two different
individuals were identified from scats at the same burrow. Two of these four cases were of
scats from individuals that were highly related (QuellerGt r = 0.58, 0.47jvamavere not

(both QuellerGt r =0.05). Scat collection at one burrow in the latter group coincided with the

co-occupancy sighting of the adult pair observed in Aptdy, reported above.

0 20 40 N

Metres A

Figure 7.6. Paired individuals that are potentially full siblings or parent offspr
combirations (n=25 paired comparisons among 17 individuals) based on a Que
relatedness estimate of greater than 0.35. Straight lines connect geographic loce

of paired individuals.
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7.3.5 Spatial autocorrelation of genotype data

Individuals within the ppulation were not significantly spatially structured at either the 5 m
or the 20 m scale (Figuré7 a, b) (5 m intervals: Omega = 20.84; 0.028; 20m intervals:
Omega = 14.93 = 0.127).The analysifollowed Banks & Peakall (201@here a value of

p <0.01 is required for significance of the Heterogeneity Test.
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Figure7.7. Correlograms of spatial autorrelation analyses at (a) five amd (b) 20 m

distance classes (y axis) from pairwise individuals shared allele distance (x axis).
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7.4 Discussion

In this study, sought to understand how a lizard species that is a flood@pecialist persists
in a resource richbut high risk habitat. | predicted that populations of a species adapted to
this unique habitatmight combine high site fidelity and relatively low fluctuations in
population size amongyears | also predicted relatively mobile strategy, with individuals
exploring alternative burrows within the population site allow them torapidly adjust to

any floodinginduced local burrow destructions.

7.4.1 Population size

Over the study period| found a stable population 020¢23 adults and sukadults, with
reproductive recruitment observed in each completely observed season. There were no
dramatic fluctuations in abundance dog the study period. Howevegbservations of two
litters from some burrows in the 20£2015 surveyear suggests an ability to capitalise on
longer periods of resource availability, but resume a steady reproductive output in low rainfall
years. Interestingly, he secondbreeding event was almost synchronous with a captive
population ofLiopholis slaterat the Alice Springs Desert Park (P. Nunn pers. comm.). While
members of theEgerniagroup generally produce one litter each seag@mapple 2003)the
desertdwellingLiopholis inornatdnasalso been reported producing two litters in one season
(Pianka & Giles 1982Jhis may be an adaptation of deskrbpholisto respond to resource
pulses in arid environments, which has been retaindd slaterin its river floogblain habitat.

In contrast, lizards fahe genusCtenotus another scincid lineage withlarge radiation into

arid habitats, have an opportunistic strategy of irreguleproduction ina resource poor
spinifex habitat, with o young produced in years of uncertain resource supply, but a large

reproductive effort in high rainfall yea(dames 1991)

7.4.2 Site stability

| observed that thel. slateripopulation occupied the site for the duration of the feyear
study. Site fidelity was suggested by both ldegn residence of some individuals and by
longterm use ofsome burrows at the site. This in turn suggested that the resource supply in
the river floodplain habitat was sufficient and stable over time, and there was no need to

move from the site. There are few data on the spatial stability of other desert lizard
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populations to compare these findings. Family groupkiopholiskintorei have been found

to occupy the same burrow for up to seven ye@vieAlpinet al.2011)

7.4.3 Spatial dynamics and dispersal

Thedata slowed a highly spatially dynamémd mobilepopulation at the site with frequent
movements between burrows and neighbourhoods. The genddia showed that highly
related individuals were often spaced apart within the population site, and spatial
autocorrelation analyses of scat genotype data weaiso consistent with high levels of
movement.l observedndividuals movingip to 120 mwithin the population between survey
visits. Similar observations of mobility were reported in populations of the closely related
Liopholis inornatan the Middleback Bnges, South Australia, where individuals regularly
moved among multiple burrows during an activity sea@idaniel 1998; Bourne 201Vhile

some L. inornataco-occupied burrows, most burrow sharing was asynchron(®murne
2011) Frequent changing between burrows may provide more foraging sites from which to
ambush prey, may be driven by social interactions between conspecifics, may reduce risk
from predators, or may be a@ans of reducing parasite lodBenneret al.2011) Inthis study

of L. slaterj I suggest that regular movements from burrow to burrow about the population
site might additionally provide the flexibility to respond to substantial flooding of the site.
Without growing, the populatin changed its area of highest density from year to year, so
although it was broadly stable, the population made small shifts of the local boundaries. Both
individuals, and the population as a whole, had the flexibility to respond to any partial

destructian of their population site.

Overall,the data indicated a stable, persistent strategy taopholis slateriThis strategy is
different fromthose of other aridadapted fauna For examplea nomadic strategy used by
more mobile species, such as some migratwaterbirds, track resources as they change
over spaceg(Pedleret al. 2014b) and anirruptive strategy used bysome desert rodents,

tracksresources in timéPaveyet al.2014)

7.4.4 Management, monitoring and conservation

My method of monitoring individuals in the populatidny locating burrows and observing the
occupants was noinvasive and relatively simple toperate (seeChapter5), but had

limitations. Ad wasunable to track known individuals that disappeared from the population,
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| can infer only that individuals eithegemained in the population but were missed nmy
searches, dispersed out of the population, or had died, possibly from predation. Every effort
was made to search for nelrrows, but it is possible that some, and their occupants, went
undetected in the kterogeneousfloodplain habitat. Although mygtudy did not quantify
predation pressure ohiopholis slaterioccasional signs of feral house dégl(s catus dingo
(Canis dingpand sand goannd/éranus gouldiwere observed at theite. The detection of
occupied outlying burrows (one 462 m to the northeast of the population), suggests that this
species may have a high dispersal capability, unrecorded amgmrgcords of movements

within the populationsite.

Although the entire floodplain habitat is thesult of flooding along the normally dry creek

and river beds, flood pulses resulting in inundation of the floodplain are infrequent in central
Australia(Pickup 1991)Thelargerainfall eventl observed in 2015 produced local sheet flows
that did not destroy any burrows. Althoudhave not witnessed this phenomenon at the
Orange Creek site, a more substantial floodkislyi to cause catastrophic damageltoslateri
burrows and individuals. Elevated burrow entrances in soil pedestals above the surrounding
soil surface may be a strategy to safely position lizards above the level of sheet flow in a less
severe flood or lage rainfall event. Under an extreme flood scenario, it is possible that
enough lizards may survive immersion and ges#ébety and colonise new areag&nother
scincid lizard, the pygmy bluetonglidiqua adelaidensjsurvived periods oburrow flooding

while almost completely submergdébrahimiet al.2012)

Neighbourhoods and satellite burrows may be a model of spreading the flood risk. The bronze
back (Pygopodida&)phidiocephalus taeniatus another lizard species thatcupiesareas

prone to disturbance along minor drainages of river catchm@vitsDonaldet al.2012; Pedler

et al. 2014a) In that speciesit has been proposed that survivors of floods will be found in
litter mats positioned higher up in the catchment, and these could be used as a source for re
stocking destroyed populains lower down in the catchment@icDonaldet al. 2012) In
L.slateripopulations, dispersed individualsr some neighbourhoodsnay be the source for

the species to recoloniseafter a catastrophic flood pulse that extirpates some

neighbourhoods.
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The speciecurrent distribution is along low order water courses and floodplains of main
channels within the MacDonnell Randmsregion.In the past, the species has probably been
maintained as a series of temporal mep@pulations at these sites, with local density foci
shifting spatially over timgparticularly following large flood events. This process requires that
a series of suitable connected sites be available for existinglptpns to expand into, and

to use in dispersal to recolonise previous locations. New threats to the species include
anthropogenic changes that are reducing the availability of those.Siteis occurs through
processes such ahe trampling of burrows ad alluvial floodplain structures by cattle
(Paltridge 2013)and invasion by exotic plants, like buffehgsCenchrus ddris,encroaching

and making habitats less suitabl@avey 2004a)Superimposed orthese threats are
predictions of more frequent and intense rainfall eventscreasing the likelihood of
disturbance from flooding. Collectively, these changes may result in dispersers failing to
establish refuge populations because suitable sites aredrd increasingly hard (for the
lizards) to locate. This complexity needs to be given consideration when developing regional

conservation strategies for this and similar species.

7.5 Summary

In this study, | found a small and highly mobile, but site stabl@ufadion, with spatial

Of dZAGSNAY3I 2F oO0dzNNRga Ayd2 -scalHalfitat HifferericesK 6 2 dzN.
between neighbourhoods and adjacent nroncupied areas that are creating these centres of

lizard activity? To address this question, in thexinchapter, | investigate how the Orange

Creek population uses the floodplain environment at the site and burrow scales.
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Chapter 8Finescale habitat use

How Liopholis slaterpopulations use floodplains is largely unknown. Arid floodplains are
heterogeneous habdts which are highly variable. Therefore, understanding which elements
of the floodplain lizards are usingmay help identify other available suitable habitat and
priority areas for conservation. This knowledge might also be used in correlative models for
predicting future species distributions under various climate scenarios. In this study, |
investigated the finescale habitat use of the Orange Creek study populaifibis chapter has
been adapted from the manuscripfreilibs, C.E., Nano, C.E.M., Paw@R., & Bull, C.M.

(2016). Finescale habitat use of a terrestrial desert floodplain specialist. (To be submitted.)

8.1 Introduction

Extant Liopholis slaterpopulations occupy the channels and floodplains of lower order
streams and the floodplains away fromam channels (see Chapter 3). Past reports of the
habitat have described the presence of soil mounding at the base of shrubs at both existing
and historic sitefHenzell 1972; Pavey 2004&ubsequent studies have shown these soil
pedestals, or mounded shrubs, to be an important feature for burrow constru¢RBaneyet

al. 2010; Fenneet al. 2012b) Slater (inHenzell(1972) observedL. slateriburrows under
Hakea divaricataand Eremophilasturtii at the type locality in the 1960s. A habitat study at
the Lawrence Gorge population on Owen Springs Reserve repbrtssiteri burrowing in
mounded shrubs oEremophila maculateE sturtii, Acacia victoria@nd Senna artemisioides

(Paveyet al.2010)

Open areas are thought to be a requirement for the ambush foraging behaviour of these
lizards since bare ground increases visibility of both prey and pred@iecKinneyet al.
2015) For this reason, buffel gra€enchrus ciliarisas been identified as a potential threat

to L. slateri{Pavey 2004a)This invasive pasture grass favours alluvial,soil$ consequently

has spread along water courses and established detasels along river channels in central
Australia(Griffin 1993) While the grass has encroached iareas wherd.. slateris present,

direct impactof this vegetation changéo these skink populations remain unquantified.

The fouryear dataset of the spatial and temporal dynamics of the Orange Creek population

(see Chapter 7) showed sw@abeas (neighbourhoods) within the area of occupancy that had
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which are driving skink occupancy, are other factors, such as social interaction effects
creating these hubs of activity? The spatial dynamics data also showed that burrows varied in
length of tenure Of the 104 burrowdhat the population used over the course of the study,
22% (n=23/104yvere used for periods of less than two monthghile 13% (n=1404) were
reused for periodsof time in each of the foursurvey yeas. Do longterm burrows have

different attributes to slort-term burrows?

In this study, | investigatedK 2 4 (G KS hNJ} y3aS / NBES] LRLJzZ I GAZ2Y

floodplain at the site and burrow scaldsused aerial surveys, an -gmound description of
burrow attributes, and a broader vegetation survey odas inside and outside of the area of
occupancy, to ask questions about the fisgale use of habitat at the sit8pecificallyl asked:
1. DoesL. slaterioccupy a discrete landscape positiainthe site?
2. How does buffel grass cover vary across the brotatetscapeand within the site?
3. Is burrow site selection exclusive to shrotounds?
4. Do mound physical attributes correlate with slaterioccupancy time?
5. Canneighbourhoodsandarea of occupanchkiabitats be distinguished from each
other and from neighborting externalhabitat according to vegetation type (species
assemblages) and/or dominant plant species i.e. are vegetation elements useful

indicators ofL. slaterihabitat/occupancy?

8.2 Methods

8.2.1 Study site

¢KS addzReé aA0S gl a G heednfASF, andMBKnisouth westcop
Alice Springs. At this site, during the study period December 2011 to April 2015, a population
2F { f I 4GS NI aa 460 X5/ (23D@ ddmaofSr&nmophiladominated shrubland

on a red earth alluvial foot slepwithin the Waterhouse Range (see Chaptdorddetailed

site description. In this habitat studyl used a combination of survey methods to answer
research questions. Each of the three components, aerial surveys, burrow attribute surveys,

and onground vegetation surveys, are described below.
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8.2.2 Aerial surveys

| acquired high resolution aerial imagery over the study site to describe its topographic
position in the broader floodplain landscape and assessdaade spatial variation within the
area of occpancy. Specificallyused high resolution aerighotography to assess the cover
of buffel grassCenchrus ciliarign the surroundinglandscape, and LiDAR (Light Imaging,
Detection and Ranging) timvestigate the terrain profileacross the floodplain andssess
whether | could use the imagery to detect shrub moundserial photography was acquired
at a ground sample distance (GSD) @ 8m resolutionflown on 25 May 2013 at 14:45 hrs.
A LIDAR (Light Imaging, Detection, and Ranging) sensor was flowrthevsite on
September 2013 to produce a digital terrain model (DTM) at 25 cm, @&dvertical
resolution ofabout 3 cm (Source: Airborne Research AustraiaMcGrath pers. comm.A
DTM is the land surface with the vegetation digitally removeased the profile tool and

other classification tools in ArcGIS 10.2.2 for DTM analysis.

| visually inspected terrain profile croesections of the DTM to compare how the slope
changed across the arealofslateribccupancy, and in adjacent areas of thetlplain where
skinks are absent. To assess whethayuld distinguish mounds or mound clusters from the
surrounding surfacd,appliedslope and hillshade algorithms to the DTGAventhe vertical
resolutionof the LIDAR imagery was about 3 e¢hwas lilely thatonly mounds higher than
3cm could be detected. In a previous stu@ienneret al. 2012b) shrub mounds used as
burrow sites had been measured etound heighs of 4.533 cm (mean 14.90 £ 1.10 cm), so

| assumed most mounds would be detected on the DTM.

FollowingMarshallet al. (2014) | used visual estimates from the aerial photography, rather
than unsupervised classification or other digitising techniques, to estimate buffel grass cover
at the site.l used five classes to estimate buffel cover in a 10 x 10 m grid: absentpWw%

0¢25 %; moderatelow, 2555 %; moderate high, 5585 %; and high, 83.00%projected
cover(Marshallet al.2014) Rainfall in the 4 daysprior to acquiring the aerial photography

was moderate (43.4 mmyith 15.2 mm falling four days before. This amount of rain resulted

in buffel grass tussocks having some new green shoots at their centres, but also residual
longer dred leaves andeed headsConsequently, in the aerial photography captured on 25

May 2013 in natural colour, buffel grass appeared as-ghay, rather than as the bright green
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hue that it typically acquires following large rainfall events. Nevertheless, buffel gyess

easily distinguished from other vegetation in the imdxyecolour and texture.

8.2.3 Burrow attribute survey

Each month during the four year study perjddecorded the activity (occupancy) status of
each burrow (from actively occupied to lodgrelict) andrecordedany new burrows that had

been constructed since the last monthly survey (see Chapter 7 for details). For each of the
104 burrows detected at the site over the four survey yeadgcumented the habitat type

of its position (shrubmound, logmound, channel bank, other), and the associated main
shrub speciesr structure.l also estimated each month the cover of buffel grasghe shrub
mound, if applicable, or within a 1 m radius if the burrow was not in a soil mdestablished

photo points at each burrow and took photographs each month. A single measure of
vegetation cover was derived from these images.sBtemporal data were not analysed as

| did not detect any significant changeloffel grasscover, or other vegetationat any burrow

during the four year study.

To assess whethénere were differences in burrow occupancy, | qualitatively compared the
habitat type of burrows thatvere only ever used for two months éewer duringthe study

period 6 Wa-tenNE  yWwithitlyose that were usé for periods in all four survey years
OWiteryi(dx yImnOd !'a o0dzZNNRga Olisgd laied (Chagtdr YYR2 Y SR
defined a longuse burrow as one in which there was evidence of lizard occupancy on at least

one suvey in each of the four years.

To test whether burrow occupancy time was correlated with other burrow attributes,
randomly seleted 26 burrows in shrumoundsthat lizards had selected to occupy, but that

were used in only one survey year (n=5), two survey years (n=5), three searsy(y=6) or

four survey years (n=10). Followikgnneret al. (2012) for each of the 26 burrowsd,
YSIFadz2NBR mp Y2dzyR FGUNROGdzGSa GKIFG O2dzZ R LR
and microhabitat (Tabl&.1). | checked the data for outliers, horgeneity and collinearity

and then used Analysis of Variance (ANOVA) to test whether any combination of these
attributes could explain the duration of burrow occupancy (with survey year as a factor), and

thus differentiate between more or less suitable bawr sites. All statistical testing was done

in R(R Core Team 2016)
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Table8.1. The 15 variables recorded at argale of burrows of short, mid and long terr
occupancy (n=26), mean, standard deviation (SD), and range shown for continuous

variables. Cat=categorical variable.

Variable Units Type Mean SD Range
Single shrub mound or cluster Cat

Dominant shrulspecies Cat

Total ground cover of other speci¢ % Con 1452 17.09 0¢80

on mound

Cover ofC. diaris % Con 1.06 2.58 0.00;12.85

Shrub height top m Con 1.69 0.50 0.54¢2.8
Shrub height bulk m Con 1.26 0.39 0.42;1.90
Shrub foliage length m Con 214 0.90 0.0c4.1
Shrub foliage width m Con 1.70 0.90 0.0¢3.9
Vertical distance between lowest liv m Con 0.38 0.23 0.0c1.1
foliage and top of mound

Vertical distance between lowes m Con 0.10 0.14 0.00:0.52
dead foliage and top of mound

Mound height m Com 0.20 0.09 0.05¢0.40
Mound basal circumference m Con 7.75 3.18 1.98;18.10
Distance to nearest mound m Con 0.52 0.45 0.0c1.5
Distance to nearest cover (>15cm) m Con 051 0.42 0.00;1.82
Distance to nearest. cilaris m Con 1.43 1.52 0.0¢6.1

8.2.4 Vegetation survey

| recorded information about the vegetation at the site in Mdune 2015, at the end of the
four year study of the spatial dynamics of the lizard population (seet€h@p With this time
frame | had the advantage of knowing the history of skink movements at the site and could

plan the vegetation sampling design according to skink occupied areas.

To assess finscale spatial differences in vegetation at the site sdadarveyed plant taxa in

three habitat zones: neighbourhoods (Ne), outside of neighbourhoods but within the area of
population occupancy (Ao), and external to the area of occupancy (Ex). Neighbourhoods (Ne)
were identified using a kernel density of obged movements (see Chaptey; the area of
occupancy (Ao) was constructed from a minimum convex polygon that included all burrows

occupied at least ongand an external zone (Ex) was created from a 50 m wide buffer outside
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Figure8.1. Sampling design for the vegetation survey. Sampling zones were: neighbourhadtc
(dark grey polygons), area of occupancy (dashed line) and area external to area of occupant
grey). 10 x 10 m pts were randomly sampled within these zones: neighbourhoods B, G and F

n=6), area of occupancy (Ao: n=8), and external area (Ex: n=10).

of the area of occupancy (Figel). Within each zond randomly sampled 10 x 10 m circular
plots: Ne (n=6), Ao (n=8) and Ex (n=10) (Figure Three neighbourhoods (B, G and H) were
surveyed based on their geographical separation across the area of occupantsuameyed

two replicate plots within eachof those neighbourhood. NeighbourhoodB contained
occupied mounds throughout the four years, neighbourhood G was occupied for three of the
four years, and neighbourhood H only in the last year of the study (see Chapter 7)o sit
were selected adjacent to the three sampled neighbourhoods, two next to each of
neighbourhoods B and G, and four around neighbourhoobWwdsparticularly interested in

why lizards had selected to move into neighbourhood H in year 4, and not intoeatljac

habitat. | used ArcGIS 10.2.2 for all spatial analyses in the survey design.
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Within each circular 10 x 10 m plotiecorded all plant taxa and estimated projected foliage
cover using the classe&: (<5% cover, ¢b individuals), 2 (<5%over, &50 indviduals),

3 (<5%cover, >50 individuals), 4q8%),5 (1&30%), and 6 (>30% cover), followihgveyet

al. (2012) The scale allowethe to account for plant species & were frequent between

sites but had a low overall cover, particularly annual or sheed species.

Floristic differences among sampling zones were inspected with nonmetric multidimensional
scaling ordination (NMDS) using a Bfaytis dissimilarity cefficient. | excluded non
representative species that had a cover class k3% cover, ¢5 individuals) and ran
analyses on all taxa, and then on perennial grasses and shaslieose two plant groups
were likely to be present for most of the time aridus have more influence oh. slateri

habitat.

To assess whether Ne habitats could be distinguished from Ao habitats by vegetation
assemblage, and if there were distinguishing dominant species representative of each group
of habitats,| used a similaritpercentage analysSIMPERClarke & Gorley 2006yhe SIMPER
procedure ranks species by their similarity to others within groupsan pairwise
comparisons to identify plant species contributing to 70% of the wigltoup similarity and

dissimilarity for Ne, Ao and Ex habitats.

8.3 Results

8.3.1 Aerial surveys

The 50 cm resation digital terrain model showed the area of occupancy had a slope of
0¢2 % (Figure8.2b). This was in contrast with the rocky slopes to the north of the zone
(5¢14%slope). There were no obvious topographical changes in slope or elevation to the
south of the area of occupancyWithin the area of occupancythe DTM showed
approximately150 shrubs were mounded, covering roughly 30% of the occupancy zone.
Mounds formed aroundsingle shrub (circular features) and multiple shrubs intoound
clusters(large elliptical features up td0m long; Figure 8.2aMound clusters wergenerally
oriented crossslope. Shrub munds were predominantly situated in the soutfest of the
area of occupancy, with neighbourhoods C and D encompassing the areas of highedt moun
density. However, there were areas of shrub mounds outside of neighbourhbodstill
within the area of occupancynostly to the south of neighbourhood C. Some DTM derived
89



WY2dzy RaQ 2dziaARS 27F (K SithltheISdatior? 6F vistalbn@gist df y O &
buffel grass, and were assumed to be buffel grass tussocks. These inferences were confirmed
by groundtrothing, where no soil mounds, dkt. slateriburrows, were located within the

dense cover of buffel grass.

Buffel grass was present in highrndgties (> 85% projected cover) along Orange Creek to the
south and soutkeast, and also in areas beyond the creek bed to the west of the area of
occupancy (Figur8.3). Within the area of occupancy, buffel grass cavas generally low
(0c25%), but theravere dense stands of moderathigh cover (5§85%), particularly to the
east of the main erosion gully, and along tributarieg T3 (efer to Figure 4.2, Chapten.4

Buffel grassvas not present on the rogkslopes to the north of the area of occupancy.
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(b)

Figure8.2 (a) Digital terrain model of the Oran@¥eek study site showing 2 m contours derive:
from LIiDAR imagery (source: ARA March 2013). The area of occupancy is indicated by a d:
black line. Inset (rectangle) shows mounds and mound clusters visible within the occupancy

White line representsample cross section (left to right) used for (b) terrain profileslateriarea
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Figure8.3. (a)Aerial image of the Orangéreek study site showing buffel gra@sciliariscover (blue
grey) in the broader landscape around the area of occupancy (white dashed line). Photopo
locations (x) and direction of photo (indicated with arrow) forgnound examples of (b) lowc@5%

cover (photopoint 1), and (c) high > 85% cover (photopoint 2).
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