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Patterns of ground-dwelling vertebrate biodiversitythe

Gnangara Sustainability Strategy study area

Introduction

Human-induced disturbances are major causes oaldrtvironmental change and
substantially modify ecosystems and alter natustalicbance patterns (Sataal. 2000;
1997). Common contributors to environmental changkide habitat destruction, altered
fire regimes and climate change. Understanding faonva respond to these human-
mediated disturbances is critical for effective @emvation planning and management of
biodiversity assets, and may determine future mamagt actions. However,
understanding the influence of disturbances oniberdity assets is often difficult to
assess without basic knowledge of the occurrensgiliition and relative abundance of
species in relation to local landscape features.

A case study example includes the biodiversitytassiethe northern Swan Coastal Plain,
north of Perth, Western Australia. The region @selto a capital city, and has undergone
extensive habitat modification and alterationsite fegimes. In addition, the region is
currently experiencing declines in water supplysealiby reduced rainfall and increased
abstraction of the underground aquifers. Yet tlea @ontains one of the largest remnant
vegetation patches on the Swan Coastal Plain, antiigh biodiversity values,
particularly of the ground-dwelling vertebrategy(e&itcheneret al. 1978; Storret al.

1978). To aid future conservation planning and aga@ment activities, it is imperative to
broaden our understanding of the potential infleesiclandscape features and human-

mediated disturbances on biodiversity assets ofegen.

The Gnangara groundwater system

The Gnangara groundwater system is located onwlaa £oastal Plain (SWA2) IBRA
sub-region, north of the Swan River, Perth, Weskerstralia and covers an area of
approximately 220 000 ha. The Gnangara groundvggstem consists of an unconfined,

superficial aquifer known as the Gnangara Moundtdkarlies the confined Leederville
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and Yarragadee aquifers, as well as the smallaablioka and Kings Park aquifers
(Government of Western Australia 2009b). The ameeeed by the Gnangara groundwater
system represents a distinct water catchment gtahés from Perth (Swan River) in the
south, to the Moore River and Gingin Brook in tleth, and from the Darling Scarp in the
east to the Indian Ocean in the west (Governmiewtaestern Australia 2009b). The
Gnangara Mound is directly recharged by rainfallé/ 1981; Government of Western
Australia 2009b) and provides the city of Perthhwit60 % of its drinking water. It
supports numerous significant biodiversity assatduding the largest patch of remnant
vegetation south of the Moore River, a number a$lBEorever sites, threatened species
and ecological communities, and ~ 600 wetlandswéid@r, declining rainfall and runoff
levels in the past 30 years have heavily impactedater availability and the ecosystems

in the region.

The impacts of a drying climate and declining grbuater levels strongly influence the
water levels of the Gnangara groundwater systeoe(tetet al.2004; Horwitzet al.

2008). Since the late 1960s, monthly rainfall aserally been below average
(Yesertener 2007), resulting in decreased flowsutaic water supply dams and declining
groundwater levels in the aquifers (Vogvetl al.2008). Indeed, groundwater levels have
decreased by up to 4 m in the centre of the Gnarldaund and the eastern, north-eastern
and coastal mound areas have experienced dedliriles water table of 1 —2 m
(Yesertener 2007). In addition, other threatemiracesses are impacting on biodiversity
in the region, including habitat clearing, fragnagiun, altered fire regimes and impacts of
Phytophthora cinnamongGovernment of Western Australia 2000; Mitchetlial. 2003).

The Gnangara Sustainability Strategy

Maintaining biodiversity is fundamental to maintaig ecosystem processes and is an
environmental policy and priority of both Commontieand State Governments in
Australia. To tackle the impending water crisi® (Bnangara Sustainability Strategy
(GSS) was initiated to provide a framework for Inglag water, land and environmental
issues; and to develop a water management regameésthocially, economically and
environmentally sustainable for the Gnangara grouater system (DOW 2008). A multi-
agency taskforce was established in 2007 to urldethee GSS project, which incorporates

existing land and water use policies, studies eretftosystem assets and processes, and the
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development of a decision-making process to integralues, risks and planning processes
(DOW 2008).

Current understanding of biodiversity values, estay processes and the dynamics of the
Gnangara groundwater system, particularly at laayuss scales, is inadequate
(Government of Western Australia 2009b). Gapsunaapacity to measure impacts on
biodiversity, landscape condition and ecosystencgsses as a result of disturbances (e.g.
climate change, changed water regimes, fire, aalt plathogens) are likely to result in
ineffective management actions and low quality ootes. The ability to develop
successful planning relies on the quality of thadbiersity information (Pressey 1999;
Wilson et al.2005). Indeed, unless an adequate understantithgse issues is
accomplished, justification of changed managemetibras in the face of potentially

degrading impacts on biodiversity is difficult.

Species richness and endemicity

The southwest of Western Australia — a globally si§cant

region

The GSS study area is located centrally in theibeydity hotspot of southwest Western
Australia — a region of globally significant biodnsity (Mittermeieret al.2004). This

area is internationally recognised because ofigiis levels of biodiversity and endemicity
and the high degree of threatening processes (htigieret al.2004). The high level of
plant biodiversity is generally attributed to théreme climatic shifts and poor soils that
have promoted local specialisations (Hopper anda@004). The floristic diversity of the
area is particularly well renowned (Beatal.2000; Hopper and Gioia 2004), containing
over 7 000 vascular plant taxa, of which approxehab0 % are endemic (Coates and
Atkins 2001; Hopper and Gioia 2004). Similarlyugonvest Western Australia provides
habitat for > 500 vertebrates, of which nearly™#8e endemic (Mittermeiest al.2004).
The high degree of endemicity is particularly wellected among the rich reptile and frog
taxa with a total of approximately 177 speciesapitites and 32 species of frogs, of which
15 % and 80 % respectively are endemic to southWestern Australia (Mittermeieaat

al. 2004). Similarly, the mammal fauna is historigaliverse with 59 species recorded,

including 12 endemics (Mittermeiet al.2004). However, the mammal fauna in
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southwest Western Australia has undergone a nudaiflsgrecies extinctions and declines
(Abbott 2008; Kitcheneet al.1978).

The occurrence and distribution of ground-dwelMegtebrates are often influenced by
landscape features, including structural complexitgt succession age, and are thus likely
to respond to disturbance induced changes in hgbita Pianka 1989; Rosenzweig and
Winakur 1969; Wilsoret al. 1986). Indeed the mammal fauna of southwest Wfeste
Australia has already undergone a series of extimeind range contractions, indicating a
susceptibility to human-mediated disturbances (¥ateret al. 1978). Reptiles are
strongly dependent on habitat structure (Piank®)98pically have small home ranges
and are therefore often used as a surrogate meafsiangnal diversity in response to
disturbances (e.g. Cunninghanal.2002; Valentine and Schwarzkopf 2009). Frogs are
primarily influenced by changes in water cyclinglajuality, which is strongly related to
water balance physiology and reproduction (Whiteé Bargin 2004). Although there is
scant information regarding the relative importaotbabitat factors for herpetofauna
assemblages, it is likely that the importance ofdes varies between reptiles and
amphibians, as well as among species, and respohased on individual life history
attributes (e.g. How and Dell 2000; Jellinetkal. 2004).

Diversity and endemicity in the GSS

The GSS study area is located north of the SwaarRisigure 1), in the northern Swan
Coastal Plain, in an area that is well known fsrithness of terrestrial vertebrate taxa
(Kitcheneret al.1978; Storret al.1978). Part of the Swan Coastal Plain’s signifezafor
biodiversity lies in its geographic location, withveral species occurring at the limits of
their distribution (How 1978). A number of paralleviews on the diversity of the
ground-dwelling vertebrates of the Swan CoastahRiere conducted as part of the GSS
process (see Bamford and Huang 2009; Huang 20G8/eRey 2009) and these provide a

detailed review of the biological diversity andtbiy of vertebrates in the GSS study area.

Herpetofauna

All 13 species of frogs (Bamford and Huang 2008jdrically known to occur in the GSS

study area still occur on the Swan Coastal Plaith the possible exception of

Introduction 4



Patterns of Biodiversity in the GSS

Heleioporous barycragusyhich may occur only on the south eastern edgeffza
burrowing frogNeobatrachus pelobatoidg®rmerly widespread but now known only
from populations south of Perth (How and Dell 2000here are approximately six frog
species that are restricted to wetlands, incluthegVotorbike Frogd.itoria moorej the
Slender Tree Fropitoria adelaidensisCrinia georgiana, Crinia pseudinsignifera, Crinia
glauertiand possiblyGunther's ToadletRseudophryne guenthg(Bamford and Huang
2009). Additional frog species include the temakiTurtle FrogMyobatrachus gouldji
the Pobblebonk Frogimnodynastes dorsalesnd the Moaning Froleleioporus eyrei
which are dependent on upland woodland habitatagitine non-breeding season
(Bamford and Huang 2009).

The reptilian fauna on the northern Swan Coas&ihR$ speciose (How and Dell 1993;
1994; 2000; Storet al.1978). Its species richness (in the GSS) is otlgestimated to
comprise of 39 genera and 64 species includingt2$, 8 geckoes, 8 pygopodids, 2
dragons, 3 goannas, 21 skinks, 2 turtles, 4 bivadas, 2 pythons and 14 elapid snakes
(Huang 2009). The study area has 17 taxa at eedtmtheir geographical limit. Of these
species, 27 taxa are restricted to southwest Wesiestralia. Of these, seven taxa are
local endemics to the SCP, includiRgeudemydura umbrina, Delma concinna concinna
Pletholax gracilis gracilisHemiergis quadrilineatglerista christinae, Rankinia
adelaidensis adelaidensisxdNeelaps calonotosOnly one species, the critically
endangered Western Swamp Tortd?seudemydura umbring& endemic to the GSS
study area, with populations restricted to Ellendk Nature Reserve and Twin Swamps
Nature Reserve on the eastern boundary of the 8@®iflge and Kuchling 2004). The
Western Swamp Tortoise is Australia’s most endaadjegptile species (Cogger 2000).
Several species may have experienced range andaimencontraction since European
settlement, with only one species believed to Hma@me extinct from the GSS study
area: Stimson’s Pythor\(taresia stimsoni stimsgriHow and Dell 1994).

The legless lizards, skinks and elapid snakes aler@presented in the northern Swan
Coastal Plain (Stort al.1978). In particular, nearly half of the pygopaadshe northern
SCP are endemic to the west coast and coastab@aWA, representing a stronghold for
this reptilian taxa (Storet al. 1978). In addition, the fossorial skinks and ssa#tre well
represented on the deep siliceous and calcareads s&the western part of the SCP
(How and Dell 2000).
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Mammals

Historically, up to 33 native mammal species hagerbrecorded on the northern Swan
Coastal Plain (Kitcheneat al. 1978), although by the late 1970s only 12 spessEe
recorded during extensive surveys conducted byestern Australian Museum
(Kitcheneret al.1978). A recent review (Reaveley 2009) estim#htatl approximately 10
non-bat mammal species are currently extant withenGSS. Species such as the Woylie
(Bettongia penicillataand NumbatNlyrmecobius fasciatysare presumed extinct in the
northern SCP while extant species such as the RaslRattus fuscipes)Vater Rat
(Hydromys chrysogasterWestern Brush Wallabyacropus irmayand Honey Possum
(Tarsipes rostratuysoccur only in restricted or isolated populatigd®w and Dell 2000;
Kitcheneret al.1978). The mammals have thus experienced vefydmngnction rates and
all species are considered to have declined inlgigion and abundance (Kitcheretral.
1978).

Disturbances to species diversity in the GSS

A number of threatening processes for terrestealebrates have been identified
previously in the study area including declininggndwater levels, habitat fragmentation,
inappropriate fire regimes amhytophthoranfection (Government of Western Australia
2000; Wilsonet al.2007). The impacts of such processes on thdeg@nd mammals of
the study area were also explored in parallelditee reviews (Huang 2009; Reaveley

2009) and some of the threatening processes aneiea here.

Recently, declining rainfall and increased aquafestraction has led to declining
groundwater levels (Yesertener 2007). This hagg@adeas a significant threat to wetland-
associated vertebrate fauna in the GSS study dieexe is evidence that lake systems are
being converted to swampy flats, and seasonal magglare drying, with some becoming
acidic (Froencet al.2004; Pettiet al.2007). Long-term changes in groundwater may also
have a negative impact @anksiawoodland ecosystems that are not directly linketthéo
groundwater. Declines in wetlands @ahksiawoodlands should have significant
impacts on vertebrate fauna and their habitats)as of the fauna of the northern Swan

Coastal Plain has adapted to the predictabilithefclimate (How 1978). However, there
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is little knowledge of both the habitat compondhtst are most affected, and the fauna
communities or taxa that are most susceptible ¢tirdeg groundwater levels. Mammals
(e.g. the Water Rat, Bush Rat and Quenda), reffalgs the Tiger Snake and the Glossy
Swamp SkinkEgernia luctuospand frogs that are dependent on lakes, wetlamdks,
damp and thick vegetation are likely to be highlgeeptible to declines in rainfall and
groundwater levels. Indeed, it is suspected timtMardo Antechinus flavipgshave

disappeared locally as a consequence of wetlaseédgqéiow 1978; Kitchenet al. 1978).

Located within close proximity to Western Austraiaapital city, Perth, the GSS study
area has undergone substantial clearing for urbaaldpment and agriculture. Numerous
studies have examined the relationship of faursgalse to urban expansion, habitat loss
and fragmentation (How and Dell 1993; 1994; 20(Rgptiles have shown a marked
decline in Perth and its suburbs, with very fewcsgee persisting after development occurs,
and there is a rapid decline as soon as nativeatgeis cleared for farming (How and
Dell 1993; 1994; 2000). Native mammals are typycdde most disadvantaged, with few
native mammals surviving in urban areas (How anill Zi®0). Congruently, the success
of introduced species associated with urban expar(si.g. cats) is correlated with native
mammal declines (Kitchenet al. 1978). However, in the GSS study area DEC manages
> 70 000 ha of remnant vegetation, including tlgdat contiguous remnant vegetation
patch south of the Moore River. In this habitag persisting fauna may be strongly

influenced by fire regimes and climate change,caltiin data to this effect are scarce.

Fire often occurs as a human-mediated disturbamgésaan important contemporary land
management tool (Russell-Smihal.2003; Whelan 1995). Fire plays a pivotal role in
determining environmental and biological heteroggr@rawn et al.2001; Whelan

1995), and is instrumental in structuring numerocasmunities in southwest Western
Australia (Burrows and Abbott 2003). EcosystemshmnSwan Coastal Plain are
considered some of the most flammable in southViesttern Australia, due to the lengthy
period of the year that the vegetation is combiestdnd plant growth adaptations that
result in rapid accumulation of vegetation aftee {Burrows and Abbott 2003). However,
inappropriate fire regimes have been recognisedragjor threatening process on the
Swan Coastal Plain at the landscape level, foleptetl areas, wetlands, riparian zones,

ecosystems and species at risk.
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A potential management measure that has been saddeseduce declining groundwater
levels of the Gnangara groundwater system is thef1&0 year rotational burning
strategies (Government of Western Australia 2008bhgre fire management may be used
to promote groundwater recharge. However, burtorigcrease groundwater recharge is
still only a modelled concept (Vogwidt al.2008; Yesertener 2007). If burning for
groundwater recharge is implemented across the ganargroundwater systems, empirical
data on the responses of fauna to fire is essemRi@vious studies in other habitats have
shown that reptile and mammal fauna communities@omgly influenced by fire regimes
(Cunninghanret al.2002; Letnicet al. 2004; Valentine and Schwarzkopf 2009; Wilson and
Aberton 2006; Wilsoret al.2001). Urban remnants in the Perth region héa@shown
that lizard diversity was greatest in areas thaelramained unburnt the longest (Dell and
How 1995), indicating a susceptibility of some gpsdo frequent burning. Understanding
how fauna in larger remnant vegetation patchesoresjo fire is important for developing
appropriate fire management strategies. WithinGB& study area, fauna groups of
particular interest with regard to fire regimeslite the diverse reptile community and
targeted mammal species such as the Honey Po3sarsiges rostratys Although the
strong association of frog species with wetlandetation obviously make this taxon
relevant, we do not focus on responses by frofise@egimes in this report.

Aims

There has been a range of studies conducted augdacations and with a range of
objectives on the GSS study area over the pasedfsy Previous assessments of patterns
of vertebrate biodiversity have been restrictesingle phylogenetic groups, and/or land
classes or geographically localised areas. Thditlesunderstanding of the habitat

requirements of taxa and communities, and of thgauts of threatening processes.

In our report, we assess the current occurrence@strtbution of terrestrial vertebrate
fauna across the GSS study area, examine pattebnasdiversity with landscape features
and assess the susceptibility of taxa and comnesrtiti threatening processes such as
declining groundwater levels and fire. The projeas designed with the main objectives
to:

1. Determine the current species richness and abuaddrground-dwelling

vertebrate fauna persisting in the region;
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2. Investigate patterns of biodiversity with broaddacape features including
landforms, vegetation types and time since fire;

3. Examine patterns in biodiversity and specific specesponses with site
characteristics including habitat and microhatstaicture and floristics;

4. Relate findings to the impacts of fire, and pradits on the potential impacts of

declining groundwater levels.
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Methods

Study area

The GSS study area is situated on the Swan Cdalsial and extends from the Swan River
in the south, to the Moore River and Gingin Brookhe north, and from the Ellen Brook

in the east to the Indian Ocean in the west (DOWBB2Eigure 1). The Swan Coastal Plain
is built up from foothill, aeolian, lake, river amdtuarine deposits laid down to the west of
the scarp (Davidson 1995). Three main dune systemerlie most of the groundwater
system — the younger Quindalup Dunes close todhstcthe Spearwood Dunes associated
with Tamala Limestone ridges within about ten kiines of the coast and the inland
Bassendean Dunes which are older and flatter, aniio leached and slightly acidic

sands (Figure 1).

The three main dune systems are dominatedBgnksiaoverstorey with sporadic stands
of EucalyptusandAllocasuarina and an understorey consisting mainly of low shrinbm

the Myrtaceae, Fabaceae and Proteaceae familieee @he many seasonal damplands,
swamps and permanent wetlands, fringed@amgksia littoralisandMelaleucatrees with a
variable understorey of species from the Cypergchaeaceae and Myrtaceae (Semeniuk
et al. 1990). The distribution of vegetation on the nerthSwan Coastal Plain is
predominantly determined by the underlying landfersoils, depth to water table and
climatic conditions (Cresswell and Bridgewater 1986ddleet al. 1980). Heddle=t al
(1980) defined broad vegetation complexes acrasStan Coastal Plain in relation to
these landform—soil units (Churchward and McArth880) and the varying climatic

conditions.

Although there have been large amounts of cledangrbanisation and agriculture, the
total remnant native woodland in the GSS study aosars more than 100 000 ha (72 447
ha of which is managed as DEC-estate), and incltrdekrgest continuous area of
remnant vegetation on the Swan Coastal Plain, safutie Moore River. The remnant
woodland within the GSS study area has signifitaodiversity values, containing
threatened species and ecological communitiesnangerous wetlands. The study area

also includes approximately 25 000 ha of pine giaom (Figure 1).
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Figure 1. The remnant vegetation extent and DECageah lands located within the GSS
study area. Fauna survey sites, including target@emal trapping areas are also

indicated.
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The GSS study area experiences a dry Mediterratypanclimate (Beard 1984), with hot
dry summers (December — March) and cool wet wir(thiee — August), and an average of
870 mm annual rainfall recorded at the Perth metegrcal station. Rainfall and runoff
declines in the last 30 years have been signifjesitih approx 21 % less rainfall and 64 %
less runoff for the 1997 - 2003 compared to 1919274 (Yesertener 2007).

Fauna surveys

The GSS fauna survey included a general groundtdgelertebrate trapping program
across the GSS study area and a targeted progrgrartecular wetland-associated species
(quenda and rakali) in specific wetlands and dangdawithin the GSS study area.

The fauna trapping was designed to cover a rangenaiant bush land in the northern and
eastern part of the GSS study area, predominarithynADEC-managed estate. The trap
sites were selected to represent a range of lamdfoits, vegetation associations and fuel
ages, were initially examined by desktop spatialysis and maps and subsequently
validated in the field. Landform unit was classifi@ccording to Churchill and McArthur
(1980) with potential sites selected by spatialysia Vegetation associations were
identified initially by spatial analysis of the Miake dataset (Mattiske Consulting Pty Ltd
2003) and field validation confirmed the dominalan species at each site. Time since
last fire was obtained from the 2007 Corporate Dathage dataset provided by Fire
Management Services of DEC, with time since lastdi each site validated using

VegMachine.

General survey trapping
Trapping design

The sampling regime was designed to assess 40rsies major areas of continuous
remnant bush land in the northern and eastern afdhe GSS study area (Figure 1). Sites
were selected to represent the major landform (@itsndalup, Spearwood and
Bassendean), vegetation communiti®ar(ksiawoodland, coastal scrub, jarrah forest, tuart
forest andMelaleucawet or dampland; Figure 2) and time since last fiAs the time since
last fire varied considerably among sites (3 — 8éry since last fire, YSLF), we grouped
sites into two major categories: Young, those rédgdmurnt (< 11 YSLF); or Old, those

long unburnt (> 16 YSLF) (Figure 1; Appendix 1).h@fe possible, the 40 sites were
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grouped into 20 paired sites, located between 3800-m from one another. Some
categories, such as the Quindalup landform werevetitrepresented due to their limited

occurrence and/or poor accessibility in the stugyaa

Figure 2. Vegetation types surveyed, includinguiayttforest, bMelaleucawetland c)
Banksiawoodlandand d) jarrah forests.

The trapping layouts, sampling design and methagoémployed in previous vertebrate
surveys on the GSS study area has been variables®éea trapping design that included
an array of pitfall traps (20 L buckets), and asect line of small aluminium box traps
(elliotts) and cage traps (sheffields). Sevenadigts have indicated that the large pitfall
traps in conjunction with drift fences have supetiap success (Frieret al. 1989;

Morton et al. 1988; Ryaret al.2002) and hence were utilised in our study. Edaur
sites contained one pitfall trap array, with 10gtittraps located in a Y shape, with three
pits placed along each arm radiating out from dreépit and placed at approximately 7
metre intervals along each arm. The pitfall traq@se connected with 30 cm high
aluminium fly wire drift fence and extended out anetre past the end of each arm. Each
arm measured 22 metres long, with a total fencgtleaf 66 metres in an array (see

Appendix 2 for pitfall trap layout).
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Where sites were located in pairs (paired sitegwaeteast more than 300 m apart), twenty
elliott and ten sheffield traps were positionechgla 300 m-long transect between the two

sites. Elliott traps were located at 15 m intesyahd a Sheffield cage trap was set at 30 m
intervals corresponding with every second elli@ptpoint. Both trap types were baited

with universal bait comprising a mixture of peapaste, rolled oats and tinned sardines.

Survey effort

Sites were opened for 12 — 20 nights in spring 280f0mn 2008 and spring 2008. While
open, all traps were checked once per day in thg m@rning. Captured animals were
identified, processed and released onsite. Meammnts taken included: weight (g), snout-
vent length (mm), total length (mm) for reptileagaweight (g), head length (mm), short
pes length (mm), gender, and presence of pouchgyfmurmammals. Mammals were ear
notched for recapture purposes (quenda receiveitaelear tag), whilst reptiles were
marked with a non-toxic permanent marker pen utitethroat. Amphibians were not
marked. Taxonomic nomenclature, including commames, followed the Western
Australian Museum. Incidental observations of gggewere also recorded and are

included in the tally of species totals.

Species accumulation curves were examined fomitialitwo trapping periods (spring
2007) to establish optimal trapping nights. Cursgnaptotes indicated that 5 to 8 nights
was adequate.

Targeted trapping surveys

Targeted trapping surveys for quenda (south broavdizoot;lsoodon obesulus
fusciventey and rakali (water rat$jydromys chrysogastewere undertaken in May 2008.
Quenda were targeted following the lack of captaiasng the general spring 2007
terrestrial vertebrate survey, and to confirm réasiormation indicating that the species
appears to be linked to wetland-associated vegatéfi. Friend pers. comm.). Rakali
were targeted to determine if the species is gergisvithin the study area and if so, their
distribution. As the only known aquatic mammasouthwest Western Australia, their
presence in a wetland or waterway could be a ugadidator of the health of wetland

systems.
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Quenda sites were selected in areas that contaipedmanent wetland or were swampy or
damp for part of the year. Four sites were setebtesed on historical records; these
included Little Badgerup Swamp, Neaves Road NeRaserve, Maralla Road Nature
Reserve and Nowergup Nature Reserve (Figure 1¢.fiVa remaining sites were selected
based on presence of suitable habitat for queRéamanent water bodies are believed to
be suitable rakali habitat (Olsen in Van Dyck amcli$an 2008), and rakali sites were
selected to reflect this habitat preference. Siteie chosen at three lakes within the study
area: Lake Joondalup in the suburb of Joondaluie zoolellal in the suburb of Kingsley
and Loch Mc Ness in Yanchep National Park (FigyreTrap transects were located on
the north western section of Lake Joondalup, tiseeea side of Lake Goolellal and 4-5
different locations around Lake Loch McNess. Trippgakali were established on the

water’s edge, with the open door facing the lake.

A continuous transect of Sheffield cage traps v&iabdished amongst vegetation
considered to be suitable habitat for quenda aalrak 50 m intervals through the site.
Depending on the size of the site, between 10 artdaPs were set. Universal bait was
used in all traps set to capture quenda and angaveis hung on a hook in the cages set for
rakali. All sites were trapped over 4 nights, eptder Lake Goolellal, which was trapped
for 3 nights due to logistic issues. Captured atsmvere identified, measured and
released onsite. Measurements included: weighhégd length (mm), short pes length
(mm) and gender. Captured quenda were ear-taggesth ear with unique identification

tags. Rakali were ear-notched in one ear.

Plant species richness and habitat parameters

Floristic surveys

A number of 10 m x 10 m floristic survey quadraerevestablished in the GSS study area,
located as close as possible to the centre poihieoéstablished fauna pit traps. The
location data of each quadrat was recorded on aabRf® centre of the quadrat, using
GDA94 as the datum, and each quadrat was physiatharcated using four galvanised
fence droppers, one at each corner. In totalsfiorsurveys were conducted at 36 of the
40 fauna sites. Due to logistical constraintgjglac surveys were not conducted at the
two Quindalup Dune (coastal scrub vegetation) sitasvo of the northerBanksia
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woodland sites (sites 3A and 3B). All vasculampsavere recorded in spring 2008, and in
our study we focus on the number of plant specesipe. Plant specimen identifications
are currently being confirmed with the Western Aaigan Herbarium. A detailed
examination of floristic diversity patterns will tiee focus of a separate report (Mickle and

Swinburn in prep).

Habitat parameters — vegetation structure

Within close proximity to the floristic plots (wiith 20 m) and the pit-fall trap array, 20 x 1
m? quadrats were established to examine microhadtitéutes. Attributes assessed
included vegetation structure and ground subst@teposition. To provide an index of
vegetation complexity within a 2 m height rangegetation contact (both live and dead)
was recorded (for height classes 0-20cm, 20-400a60¢m, 60-80cm, 80-00cm, 100-
150cm, 150-200cm) using a graduated pole, placdtegioint in the centre of the quadrat.
At the same point, canopy cover was measured @asgensitometer, which calculated an
approximate percentage canopy cover. Ground amitiein the 1nf quadrat was
estimated as a percentage of vegetation (live aad)dsoil (bare ground) and litter
(including leaf and woody debris). Litter deptim{cwas measured using a ruler that was
pressed through the litter (where relevant) uttibuched a firm soil surface.

The vegetation structure and cover were recorded) l&eighery (1994). The crown cover
is estimated to as close to 5 % as per the NatMegétation Inventory System as well as
the class rating as per Muir (1977). Up to thremithant species were recorded as part of
each layer and any more that three dominants Wwassex as mixed. Vegetation condition

was recorded using the Keighery (1994) Vegetationdition Scale.

Data collation and analyses

General trapping survey
Abundance, species richness and diversity

Data from pit-fall trapping of sites, and the traggpusing elliott and cage traps between
paired sites is described and collated as speoiseipce/absence tables. Most data were

collected using pit-fall trapping, and further ex@tion and analyses were conducted on
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the pit-fall trapping data, excluding data from the® sites on Quindalup dunes (due to
limited number of replicates in this dune systeiit-fall trapping intensity varied among
sites, and we have performed analyses on the datg average abundance and species
richness estimates, based on the relative abundaneach species and species richness
from 10 trap nights. Diversity of the reptile asd#age at each site was calculated from
these measures using Simpson’s Diversity of IndeR), which ranges from O (low
diversity) to 1 (high diversity). In addition, tlievenness of the reptile assemblage at each
site (E, derived from Shannon-Wiener Index) waswated. Evenness represents the
degree of variation in a community, with higherued of E representing a less variable

community.

To explore patterns in data, one-way ANOVAs (ussiRSS 2008, version 17.0) were used
to examine differences in reptile abundance, reglecies richness, reptile diversity and
evenness among the 38 sites with respect to lamdioit (Spearwood and Bassendean),
vegetation typeRanksia, Melaleucgarrah and tuart) and time since last fire (Old,6
YSLF and Young, < 11 YSLF). Post-hoc Tukey HSDdeagere used to determine
differences among vegetation types where applicable abundance of dominant species
(reptiles:> 10% of observed individuals; mammals and frog:téihe most abundant
species) were also compared among factors using\AO In addition, the number of
plant species recorded at each site (n = 36) wesoeexplored in relation to landform,

vegetation type and fuel age using ANOVAs.

Patterns in species composition

Community composition, defined as the average adeel (per 10 trap nights) of each
species per site, was compared among factors @emdinit, vegetation type and fuel age)
using Multi-Response Permutation Procedure (MRPielk& 1984), based on a rank-
transformed Sorensen distance matrix in the gtatlgtackage, PC-ORD (McCune and
Mefford 1999). Rare species (species that werergbd in less than three sites) were not
included in the analysis. MRPP is a type of noapweatric multivariate procedure for
testing differences between groups and provides statistic, which is the chance-
corrected within group agreement, and an assocptedue (McCunest al.2002). Post-
hoc pair-wise comparisons were used to examinerdifices in reptile assemblages among

vegetation types. Where community compositioneddt significantly among factors €
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0.05), non-metric multidimensional scaling (NMDSukkal 1964) was used to
graphically depict the site assemblage relatiorsshging PC-ORD (McCune and Mefford
1999). Where 3-dimension ordinations were deemect mppropriate (determined using
scree plots and Monte Carlo tests), the two axatsrépresent the highest proportion of
variance in the ordination are displayed. Repsfiecies and microhabitat and vegetation
structure variables that were correlated with théS\axes (> 0.2) are graphically

depicted on the ordinations.

Habitat parameters and correlations with fauna

Habitat parameters examined included percentagaatss of ground vegetation cover,
soil cover, litter cover and canopy cover, a meas@nt of litter depth and data collected
on understorey structure (touch pole data). Habéegables for each site were correlated,
using Pearson’s correlation coefficient (SPSS,ioar$7), with reptile abundance, reptile
species richness, reptile diversity, reptile evesnplant species number and time since

last fire (recorded in years since last fire or ¥aL

Succession with time since fire ilBanksiawoodlands

Initial groupings of sites into time since fire egobries were fairly broad, with recently
burnt sites < 11 YSLF and long unburnt sites > B ¥. However, sites located in
Banksiawoodlands (n = 16) were from a range of time siitee(4 — 36 YSLF), and could
be sorted into five different categories of timecsi fire, including: Young, 4 YSLF (n =
4); Young-Intermediate, 6-7 YSLF (n = 3); Intermegei, 17 YSLF (n = 4); Old, 22-26
YSLF (n = 2); and, Very Old, 36 YSLF (n = 3). Thange in time since fire allowed us to
examine possible patterns of succession in diffes&mes of post-firBanksiawoodlands.
We calculated average abundance per 10 trap righésch species in the five different
time since fire categories, and then relativisaghalance estimates for each species and
graphically interpreted patterns in relative aburadaof dominant reptile and mammal
species. Rare reptile species (those speciesvelosier less than 3 sites) were excluded

from analyses.
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Data transformations

Habitat parameters measured using percentagesadjrgted by arcsine transformation of
the square-root proportional data (Zar 1999). Cdata (reptile abundance, species
number, individual species abundance, and vegataiiecch pole data) and litter depth
were examined for normality and heteroscedastustyg box plots, Q-Q plots and
residual plots. Individual species abundancesgtatigpn touch pole data and litter depth

were square-root transformed to meet assumptioANGfVA and Pearson’s correlations.

Targeted trapping survey

The results of the targeted trapping surveys, tdholyithe capture of non-target species, is
described and graphically interpreted. As trappimensity varied among sites, mammal

capture rates are presented as abundance perpQtights.
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Results

Occurrence and distribution of fauna

Trapping effort in the general fauna survey invdl%e600 pitfall trap nights, 5 600 elliott
trapping nights and 2 800 cage trapping nights,38ttlcage trap nights in the targeted
surveys for quenda and rakali. In total, 38 reptll mammal and 6 frog species were
trapped and/or recorded during surveys (see Apgehtlir complete species list). The
reptile and frog families represented include: Matoachidae (ground frogs; 5 genera, 5
species), Hylidae (tree frogs; 1 genus, 1 spedigsikonidae (geckos; 3 genera, 3
species), Pygopodidae (legless lizards; 6 genespedies), Agamidae (dragons; 2 genera,
2 species), Varanidae (goannas; 1 genus, 1 spesmaridae (skinks; 9 genera, 16
species), Typhlopidae (blind snakes; 1 genus, ¢ispeand Elapidae (front-fanged
snakes; 7 genera, 8 species). Nine native manpeales and seven introduced mammal
species were recorded: Tachyglossidae (1 speBlasyuridae (1 species), Peramelidae (1
species), Tarsipedidae (1 species), Phalangeridsygecies), Macropodidae (2 species),
Muridae (4 species), Canidae (1 species), Felitlapécies), Leporidae (1 species), Suidae
(1 species) and Bovidae (1 species).

Trapping for the general fauna surveys yielded 2 i@@8ividuals, representing 43 species
of frogs, reptiles and mammals (Table 1, FigureSiinks were the most commonly
caught animal during surveys (65 %). The majasftgpecies (36 species) were captured
in the pit-fall traps, however, six species werly@aptured in the cage and/or elliott traps
(Table 1). All reptiles were recorded in one omrentvap type, excludingaranus gouldi
which was recorded only by incidental observati®mx mammals were captured by one or
more trap type (Table 1), while ten mammal spes@s recorded only by incidental
observation. The priority reptile specidkeelaps calonotgsvas captured on two sites:
one in the north iMelaleucawetlands on long unburnt (22 YSLF) Bassendears;soil

second in the east Banksiawoodland on long unburnt (36 YSLF) Bassendears soil
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Table 1. Species captured during pit-fall trappngage and elliott trapping during general fasmeveys throughout the GSS study area,
excluding targeted mammal surveys. The presenabs@nce of each species is represented baseddborfa unit, vegetation type and fuel
age (presence of species indicated by a ‘1’, aachtimber of sites in each category is providedachkets). The number of site a species was
observed at, and the abundance of each specidbhen git-fall traps or cage and elliott trapsnsluded. Summary data on general abundance
and family-level representation in different lanaifounits, vegetation types and time since firegaitg is also provided.

Landform Unit 2 Vegetation Typ€ Years Since Firé  # of site§  Abundance®
Q(2) Sp(20)Bn(18) Cs(2) Tt(4) Jh(4) Me (14)Bk(16) <11(19) >16 (21) Total (40) PF CE
Amphibia
Myobatrachidae
Crinia insignifera 0 0 1 0 0 0 0 1 0 1 1 1 0
Heleioporus eyrei 1 1 1 1 1 1 1 1 1 1 17 84 0
Limnodynastes dorsalis 1 1 1 1 1 1 1 1 1 1 24 52 1
Myobatrachus gouldii 0 1 1 0 0 1 1 1 1 1 19 75 0
Pseudophryne guentheri 0 0 1 0 0 0 0 1 1 0 1 3 0
Hylidae
Litoria moorei* 0 1 0 0 0 0 1 0 1 0 1 0 1
Reptilia
Gekkonidae
Christinus marmoratus 0 1 1 0 1 1 1 1 1 1 10 17 0
Diplodactylus polyphthalmus 0 1 0 0 0 0 0 1 1 0 1 1 0
Strophurus spinigerus spinigerus 1 1 1 1 0 1 1 1 1 1 15 42 0
Pygopodidae
Aprasia repens 0 1 1 0 0 0 1 1 1 1 12 31 0
Delma concinna concinna 0 0 1 0 0 0 0 1 1 0 1 1 0
Delma fraseri fraseri 0 1 1 0 0 0 1 1 1 1 3 5 0
Delma grayii 1 1 1 1 0 0 1 1 1 1 3 3 0
Lialis burtonis 1 1 1 1 0 1 1 1 1 1 15 27 0
Pletholax gracilis gracilis 0 1 1 0 0 1 0 1 1 1 3 3 0
Pygopus lepidopodus 0 0 1 0 0 0 1 1 1 1 7 9 0
Agamidae
Pogona minor minor 1 1 1 1 0 1 1 1 1 1 21 50 0
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Landform Unit Vegetation Typ€ Years Since Firé  # of site§  Abundance®
Q(2) Sp(20)Bn(18) Cs(2) Tt(4) Jh(4) Me (14)Bk (16) <11 (19) >16 (21) Total (40) PF CE
Rankinia adelaidensis adelaidensis 1 1 1 1 0 1 1 1 1 1 24 165 0
Scincidae
Acritoscincus trilineatum 0 1 1 0 1 0 1 0 1 1 5 10 0
Cryptoblepharus buchanahii 1 1 1 1 1 1 1 1 1 1 31 149 0
Ctenotus australis 1 1 1 1 1 1 1 1 1 1 9 17 1
Ctenotus fallens 1 1 1 1 1 1 1 1 1 1 31 119 6
Ctenotus impar 0 0 1 0 0 0 1 0 1 0 1 1 0
Egernia kingii 0 1 0 0 0 0 1 0 1 0 1 2 1
Egernia napoleonis 0 1 1 0 0 1 1 1 1 1 5 7 4
Hemiergis quadrilineata 1 1 1 1 1 1 1 1 1 1 26 167 0
Lerista elegans 1 1 1 1 1 1 1 1 1 1 35 362 0
Lerista lineopunctulata 1 0 0 1 0 0 0 0 0 1 1 1 0
Lerista praepedita 1 1 1 1 0 0 1 1 1 1 13 17 0
Menetia greyii 1 1 1 1 1 1 1 1 1 1 33 278 0
Morethia lineoocellata 0 0 1 0 0 0 0 1 1 1 4 13 0
Morethia obscura 1 1 1 1 1 1 1 1 1 1 29 168 0
Tiliqua occipitalis 1 0 1 1 0 0 0 1 0 1 2 2 3
Tiliqua rugosa rugosa 1 1 0 1 1 1 1 0 1 1 7 10 82
Typhlopidae
Ramphotyphlops australis 0 1 1 0 0 0 0 1 0 1 2 4 0
Elapidae
Brachyurophis semifasciata 0 0 1 0 0 0 1 0 0 1 1 1 0
Demansia psammophis reticulata 1 0 1 1 0 0 1 0 0 1 2 3 0
Neelaps calonotos 0 0 1 0 0 0 1 1 0 1 2 2 0
Notechis scutatus* 0 0 1 0 0 0 1 0 0 1 1 0 1
Parasuta gouldii 0 0 1 0 0 0 1 1 1 1 3 4 0
Pseudonaja affinis affinis* 0 1 0 0 0 0 0 1 1 0 1 0 1
Pseudonaja nuchalis* 0 0 1 0 0 0 0 1 1 0 1 0 1
Simoselaps bertholdi 1 1 1 1 1 0 0 1 1 1 6 8 0
Mammalia
Tachyglossidae
Tachyglossus aculeatus* 0 0 1 0 0 0 1 1 1 1 3 0 3
Dasyuridae
Sminthopsis sp 0 0 1 0 0 0 0 1 1 0 1 1 0

Tarsipedidae
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Landform Unit Vegetation Typ€ Years Since Firé  # of site§  Abundance®

Q@) Sp(20)Bn(18) Cs(2) Tt(4) Jh(4) Me (14)Bk (16) <11 (19) >16 (21) Total (40) PF CE
Tarsipes rostratus 0 1 1 0 0 1 1 1 1 1 14 28 0
Muridae
Mus musculus 1 1 1 1 1 1 1 1 1 1 27 77 39
Rattus fuscipes 0 1 0 0 0 0 1 0 1 0 1 1 1
Rattus rattus* 0 1 0 0 1 0 1 0 1 0 2 0 2

Summary Data

Abundance Total Total
Total Number of Individuals 628 99 554 420 99 163 513 248 382 899 2021 147
Relative Average Abundance per
site (10 trap nights) 4,025 3.4115 3.1676 4.025 5.8854 3.755 2.5253 3.20B890132 3.72242
Species Richness
Number of Frog Species 2 3 5 2 2 3 3 5 4 4 5
Number of Reptile Species 18 23 32 18 11 15 27 28 9 2 31 33 9
Number of Mammal Species 1 4 4 1 2 2 5 4 6 3 4
Total Number of Species 21 30 41 21 15 20 35 37 39 38 42 14
Relative Average Richness per site
(10 trap nights) 0.95 0.8479 0.812 095 0.651 0.887545 0.9409 0.86294 0.81329

# Landform Unit: Q = Quindalup, SP = Spearwood DuiB¥s= Bassendean Dunes

P \/egetation Type: Cs = Coastal Scrub, Tt = tuare$t Jh = jarrah forest, MeMelaleucawetlands, Bk =Banksiawoodlands
¢ Years Since Fire: < 11 = more than 11 years dastdire, > 16 = more than 16 years since last fir

d # of sites: refers to the number of sites a sgeo#Es captured at out of a total of 40 sites

¢ Abundance: refers to the total abundance of cagtapecies in either the pit-fall traps (PF) orecagd elliott traps (CE)

" Formerly considered to & plagiocephalusrecent revision indicates the species in the 8ES buchanani(Horner 2007).
* Indicates species that were exclusively captimetie cage or elliot traps
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Figure 3. Representative fauna captured duringdaunveys in the GSS study area.
Species include &trophurus spinigerus spinigerus) Pygopus lepidopodys) Aprasia
repens d) Ctenotus falleng) Hemiergis quadrilieataf) Lerista elegansg) Tiliqua
rugosa h) Pogona minoyi) Hydromys chrysogastep) Tarsipes rostratusand k)iIsoodon

obesulus fusciventePhoto credit: a-j) L. Valentine, k) DEC.

Total species richness varied among sites, fronmamam of two to a maximum of 18
species, with the highest number of species redaaitléevo long unburnt (> 20 YSLF)
Bassendean sites Banksiawoodland. The two sites located on the Quindé&uapform

in coastal scrub vegetation were also specieswiith,15 species captured at both sites.
One of these specidsgristalineopunctulatawas only captured in the coastal scrub
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vegetation. The lowest species richness was redatla Spearwood site Melaleuca
dampland with young fuel age (3 YSLF). Total speaichness also varied among
landform units and vegetation type, with the higlspecies richness on Bassendean sites,
and inMelaleucaandBanksiasites (Table 1). There were few differences taltspecies
richness between recently burnt and long unbutes siHowever, sites were not trapped
equally, and the relative species richness variptgeides a more equitable measure.
Based on this, Quindalup Dunes contains the higdpesties richness of landform units,
with coastal scrub vegetation type @&mhksiawoodlands being the most species rich sites
(Table 1).

The most widespread or commonly-occurring repfkecges across all sites wererista
elegans (85 % of sites)Cryptoblepharus buchanan(ir5 % of sites) anenetia greyii

(68 % of sites) (Table 1). A total of 1 163 repsilwere captured in pitfall traps. Of these,
the most abundantly captured species Wweresta elegansandMenetia greyii making up
21 % and 17 % of total reptile captures respedctivEthere were 7 reptile species and 60
individuals caught by cages and elliots, with at vaajority of these (80 %) beingliqua
rugosa(Bobtail). Three reptile species were caught esickly by cages and elliots (Table
1). Several species of snake were only capturedes with older fuel ages, including the
blind snakeRamphotyphlops australend the two small elapid&achyurophis

semifasciatand the Priority listed speciéeelaps calonotos

The most widely distributed frog species wasnodynastes dorsalipobblebonk frog),
occurring at 30 % of sites. Of the 74 frogs reeddhe most abundantly captured frog
wasHelioperous eyre{moaning frog) making up 42 % of total frog capsir Six species
of frog and reptile were captured at only one ef40 sitesCrinia insignifera,
Pseudophryne guentheri, Brachyurophis semifascla¢smansia psammophis reticulata,
Delma concinna concinnandLerista lineopunctulata) For four of these species only one
individual was captured. insignifera, B. semifasciata, D. concinna conaiandL.
lineopunctulaty. Eleven frog and reptile species were foundwesiegkly in Bassendean

sands, while two species were found exclusivel@umndalup Dunes.

Mammal capture rates were fairly low with the immeedMus musculughouse mouse)
occurring at 45 % of sites and the nafiasipes rostratughoney possum, noolbenger)

trapped at 30 % of sites. In addition, drettus fuscipefush rat, moodit) and three
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Tachyglossuss aculeat(echidna) were captured during general fauna tregppbDuring
general fauna surveys, the most consistently ceptoative mammal species was the
honey possumaA total of 18 individuals were captured at 12 sites which wedely
distributed across the study area from the wetitd@ast. Honey possums only occurred
on Bassendean and Spearwood soils and were assbwi#th Banksig jarrah and
Melaleucavegetation types. During the targeted rakali @meinda trapping, a number of

non-target species were captured (see result®sdmiow).

General fauna surveys

Abundance, species richness and diversity

In total, 37 species of reptiles were capturethat8 sites on Spearwood and Bassendean
Dune systems. Of the three factors examined, aégettype influenced the greatest
number of response variables, including reptilenalamce, species richness, diversity,
evenness, plant species number and a number ofdndl species (Table 2). Mean reptile
abundance was similar between both landform unitv&ried among vegetation types
(Table 2), with greater abundance of reptiles olekwithin tuart-dominated vegetation
(Figure 4). In contrast, reptile species richneas highest irBBanksiawoodland sites
(Table 2; Figure 4). Although the vegetation tgpastal scrub was not included in any
analyses, we have presented the standardised evavagdance estimates and species
richness data (Figure 4) for a general comparigdmundance of reptiles in coastal scrub
appears slightly higher tha&anksiaor Melaleucasites, while the species richness of
coastal scrub sites appears variable (Figure 4).
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Both reptile and plant species richness were highdsanksiawoodlands (Table 2; Figure
5) however reptile diversity did not significantlgry among vegetation types. Evenness
was significantly lower in tuart sites, suggestihgt the sites were dominated by a small
number of species. Interestingly, sites in jamlaminated vegetation tended to represent a
composite oBanksiaand tuart sites, with intermediate abundance $eveptile species
number and plant species number. A number of iddal species responded to vegetation
type, with several species, including the frégjeioporus eyrieand the skinkslemiergis
guadrilineatg Lerista elegans, Menetia greg@ndMorethia obscurabserved in higher
abundances in tuart vegetation (Table 2; Figurdbontrast, the heath dragBankinia

adelaidensisvas most abundant Banksiawoodlands (Figure 5).

Reptile abundance was higher in long unburnt ¢ikable 2; Figure 6). In addition, the
skinksM. greyiiandM. lineoocellatahad higher abundances in long unburnt sites (Table
2; Figure 6). The introduced house molkes musculuvad higher abundances in
recently burnt sites. Landform unit influencedeafspecies, including the dragBn
adelaidensisfound in higher numbers on Bassendean sitestrenskinkH. quadrilineata
and introduced house mougke musculusobserved in higher numbers on Spearwood

sites.
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Table 2. ANOVA F-values for reptile abundance,cspgrichness, diversity and evenness
and plant species richness and individual spetise@dances showing responses to

landform unit, vegetation type and time since fire.

Landformg = 1 36 Vegetation Typgr=334 Time since firgy -1 36

Reptile Abundance 0.119 3.874*T>M, B 4.225*0>Y
Reptile Species Richness 0.082 3.688*B>M, T" 0.155
Reptile Diversity 0.100 2.708"B>T 2.453
Reptile Evenness 0.726 4.092*BM,J>T 0.360
Flora Species Richness 0.991 6.499** B > M 1.445

Select Species Abundance
Frogs
Heleioporus eyrei 0.011 6.887** T >J,M,B 0.151
Myobatrachus gouldii 1.265 1.924 0.742
Reptiles
Rankinia adelaidensis 4357*B>S 5.096** B > T,M 1.063
Cryptoblepharus buchananii 0.838 1.998 1.595
Hemiergis quadrilineata 10.373** S > B 7.731***T,J>M,B 1.093
Lerista elegans 0.223 3.309*T>M 0.863
Menetia greyii 0.051 3.028*T>B 6.422* 0 >Y
Morethia obscura 0.467 4.187*T>M,B 7.614** 0O >Y
Mammals
Tarsipes rostratus 0.591 1.523 0.002
Mus musculus 18.164*** S > B 0.599 8.502**Y > O

Significant values are in bold P < 0.5, ** P < 0.01) and values approaching significance agatitied (*
0.06 >P > 0.05). Letters beside significant values indica®lts from post-hoc Tukey HSD tests for
vegetation type (B Banksia M = Melaleuca T = tuart and J = jarrah) or which landform yt=
Bassendean, S = Spearwood) or time since fire @d=> 16 YSLF; Y = Young, < 11 YSLF) had higher

abundances. ~ indicates that variable did not ieetne’s test of Equality for Equal Variances.
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Figure 6. Significant differences in the mean (#&3) of a) reptile abundance and b)

abundance dff. obscurabetween long unburnt (Old) and recently burnt (Yglusites.
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Patterns in species composition

Of the 37 reptile species observed during pittfalbping surveys, 23 were detected in
more than two sites and were included in commuaniglyses. MRPP detected differences
in community structure between landform unit (MRRPR: 0.025,P = 0.006), vegetation
type (MRPP: A = 0.10& = 0.001) and time since fire (MRPP: A = 0.0P5; 0.009).
Pair-wise comparisons indicated tiBanksiasites were typically different telelaleuca(P
=0.001), tuartP < 0.001) and jarral?(= 0.001) sitesMelaleucasites were also different
to tuart P = 0.007) and jarraiP(= 0.009) sites.

NMDS ordination found a stable 3-dimensional solutiepresenting 83 % variance, with
axes one and two representing 66 % of the commuartgtion (Figure 7). Different
landform units separated mostly along axis 1, altfnathere was substantial overlap of
sites. Vegetation types separated along bothaesl 2, withBanksiaandMelaleuca

sites clearly separating apart, with tuart sitesensimilar to melaleuca sites, and jarrah
sites representing a mixture betwdanksiaandMelaleucasites, andanksiaand tuart
sites (Figure 7). Separation of time since finedites was also along both axes 1 and 2.
Species associated widanksiasites include the skinkerista praepeditathe dragorR.
adelaidensisand the pygopo@prasia repenswhereas species associated Wiilaleuca
sites include the skinkgBiliqua rugosaandH. quadrilineata although this species was also
associated with tuart sites. In addition, the l&M. greyii, M. obscurandL. elegans

were associated with tuart sites. These thredespexs well ag. repensvere also
associated with long unburnt sites, whilerugosawas associated with recently burnt sites
(Figure 7).

Litter cover, litter depth and canopy cover wergoagted with long unburnt sites and
tuart sites, while touch pole counts at 60-80 cih %100 cm were associated with
recently burnt sites, mostly delaleucavegetation. Soil cover and touch pole counts at

20-40 cm were associated wBlanksiawoodland sites.
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Figure 7. NMDS ordination (Sorensen distance nredsin the assemblage of reptiles (n
= 23 species) at 38 sites coded by a) landform bhitegetation type and c) time since
fire. The ordination is in three dimensions (stre).135), with axis 1 and 2 plotted £
0.346 and 0.306 respectively). (d) Correlationspecies and habitat variable$xr0.2)
with NMDS ordination.

Fauna and habitat parameters

The number of plant species was correlated withleegpecies richness (Pearsons
0.452,P = 0.006, Figure 8), but not reptile abundanceweicer, reptile abundance was
correlated with times since fire (Pearsons0.327,P = 0.045; Figure 8), unlike reptile
species richness. In addition, reptile abundare® aorrelated with a number of habitat
parameters (Table 3), including positive assoamstiith litter cover, canopy cover and
litter depth, and negative associations with soiler and a number of the touch pole count
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intervals (Table 3; Figure 8). The associationegtile abundance with litter depth

indicated that the pattern was only significanitioimg unburnt sites (Figure 8), with trend

lines indicating T values for the subset groups time since fire th®ftouch pole counts,

the interval 20 — 40 cm was positively correlatathwall the reptile diversity measures,

and the number of plant species, but negativelsetated with the abundance of reptiles

(Table 3; Figure 8). The number of plant specias negatively correlated with other

touch pole count intervals (intervals > 40 cm; EaB). Time since fire was only

significantly correlated with litter depth (Tablg 3

Table 3. Pearson’s correlatiom$ ¢f reptile abundance, species number, diversity,

evenness, plant species number and fuel age wiikehaariables at each site.

Reptile gept[le Reptile Reptile Flora Time since
Abundance PECIES Diversity Evenness Species Fire
Richness
Vegetation cover -0.017 0.396* 0.373* 0.192 0.276 0.170
Litter cover 0.475** -0.267 -0.173 -0.192 0.128 0.170
Soil cover -0.466** 0.133 0.011 0.085 -0.159 -0.219
Canopy Cover 0.447** -0.380* -0.179 -0.310 -0.173 0.153
Litter Depth 0.512** -0.241 -0.019 -0.084 0.046 0.433**
Touch pole counts
0-20cm -0.077 0.249 0.289 0.209 0.180 ®.09
20-40cm -0.336* 0.504** 0.361* 0.331* 0.375* -0.206
40 - 60 cm -0.430** -0.016 -0.033 0.243 -0.346* -0.286
60 —80 cm -0.346* -0.115 -0.170 0.082 -0.623** -0.221
80 — 100 cm -0.353* -0.124 -0.209 0.039 -0.634** -0.264
100 — 150 cm -0.208 -0.286 -0.277 -0.072  -0.626** -0.249
150 — 200 cm -0.274 -0.390* -0.255 0.020 -0.469** -0.298

Significant values are in bold P < 0.5, ** P < 0.01) and values approaching significance agatified (*

0.06 >P > 0.05).
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Succession with time since fire iBanksia woodlands

In theBanksiawoodland sites, 17 reptile species were detecteabire than two sites and
were included in describing patterns of successieptile species responded in numerous
ways to time since fire, with relative abundandenestes peaking at every time since fire
category for at least one species of reptile (@)r The relationship with time since for

a number of species could be described as ‘earbcessional, with species such as
Rankinia adelaidensiandCtenotus australibaving peak relative abundances in sites of 4
YSLF (Figure 9). Interestingly, most of the spedescribed as being early successional
respondents showed a second, lower ‘peak’ in v&abundance, often in the very old
sites. This pattern was particularly pronouncedtie dragorR. adelaidensigFigure 9),
indicating that this species was abundant in boting and very old sites. Some species,
such agCtenotus fallenandStropherus spinigeruslisplayed an ‘intermediate’
successional response to fire, with peak abundandbe young — intermediate,
intermediate or old categories. Finally, a numifespecies (n = 7), including. greyii,

M. obscuraandAprasia repensdisplayed ‘late’ successional responses, withk pea

abundances in the old and very old categories (Ei§u

Only two mammal speciebus musculusndTarsipes rostratuswere captured frequently
enough to examine patterns in succession with simee fire. The introducedus
musculugpeaked in relative abundance in the young-interate@ategory, and then
progressively declined with time since fire (Figdl®. In contrast, the nativi&arsipes
rostratushad low relative abundance in the young categondypogressively increased in
relative abundance to peak in the old categoryufleig.0). However, the relative

abundance dropped markedly in the oldest unbuied $very old category).
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Figure 9. Successional responses of reptilesqusiative abundance estimates) to time

since fire. Responses are separated into a) &ariytermediate, and c) late.
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Figure 10. Successional responseBlo$ musculusndTarsipes rostratugusing relative

abundance estimates) to time since fire.

Targeted quenda and rakali trapping

Quendalsoodon obesulus fusciventevere recorded from 5 of the 9 selected sites &her
trapping for quenda was conducted. At two sité$lelBadgerup Swamp and Nowergup
Nature Reserve, only one individual was capturathdurapping. However, their
abundance was relatively high % individuals per 100 trap nights) at the thrdeeosites
(Figure 11). The highest numbers of quenda wererded at Twin Swamps Nature
Reserve, which was the only site that is fencedbaidd against predators. In addition to
qguenda, non-target native captures includattus fuscipefush rat)R. rattus(black rat),
M. musculughouse mouseNotechis scutatu@iger snake) an@achyglossus aculeatus
(echidna).R. fuscipesvere only captured at two sites (Figure 11), betearecorded in

high density at Loch McNess. The introduéedattusandM. musculusvere observed at

most sites (Figure 11).
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Figure 11. Abundance of four mammal species as siteyeted for trapping quenda. The
abundance of quenda was highest at Twin Swampgsé\Reserve, which is fenced and

baited to reduce predators. (M’burra NR = MuckerdiNature Reserve).

Rakali Hydromys chrysogastewere captured at all three of the selected sitdhough
Lake Goolellal had the least survey effort, thie produced the most number of rakali (6
individuals from 30 trap nights), indicating thasiaable population may reside at this lake
(Figure 12). Rakali tended to be captured at sitesre vegetated islands occurred within
50 — 100 m of the trap site. In contrast to Lake@éital and Loch McNess, only one
individual was captured at Lake Joondalup, whicsuigstantially larger than the two other
lakes. However, the vegetation surrounding Lal@dalup had recently been burnt (< 3
YSLF), and hence visibly differed in structure e tvegetation at Lake Goolellal and Loch
McNess. In addition, Lake Joondalup lacked islasidse to the lake edge. Non target
captures includeR. fuscipesR. rattusandM. musculuslthough captures of these species

were fairly low (Figure 12).
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Discussion

General observations

The fauna survey results indicate a diverse afdassemblage of fauna within the GSS
study area. Of the 64 reptile species believexttar in the GSS region (Huang 2009),
the fauna surveys recorded nearly 60 % of spedébough our study did not target frog
captures, we also recorded 6 species of the exp&8t&og species recorded within the
GSS study area (Bamford and Huang 2009). Furthernoor fauna trapping surveys,
targeted surveys and general observations rec&deative mammal species. Historically,
up to 33 mammal species have been recorded orottleem Swan Coastal Plain,
however, only 11 — 12 species are considered tubrently extant (Kitchenest al. 1978;
Reaveley 2009). The results from our comprehersiveey strongly support earlier
conclusions that the northern SCP is a speciesareh (Western Australian Museum
1978).

The most widespread species included the skihksbscura, M. greyiandL. elegans

The skink family is very widespread across the &€khey are highly diverse and
adaptable to a range of habitats (How and Dell 208®evious work has shown that this
group of lizards will inhabit a range of vegetatigpes, and are one of the only groups that
maintain populations in small isolated remnant vaigen patches (How and Dell 1993;
1994). In general, fauna were fairly evenly dimited across landform, vegetation and
time since fire age sites. However there were solv@us exceptions. Eleven frog and
reptile species were found exclusively in Bassendaads. Of these, 5 species were
elapids, potentially indicating a preference opeda for Bassendean dunes. In addition,
the majority of the burrowing snake species, inicigdhe Priority listed elapidil.
calonotoswere captured at long unburnt sites. Furthepirapfor the Priority-listed
speciesN. calonotoy may identify more individuals of this little-knawspecies. In
addition, the inclusion of funnel traps that targeiall elapids and large skinks, may

increase capture rates for this and other species.

The coastal scrub vegetation of the Quindalup Dwaesnot a target of this study,
however the preliminary results indicate that tregetation type is fairly species rich in

reptile fauna in comparison to tMelaleucaand tuart vegetation types. In addition, one

Discussion 39



speciesL. lineopunctulatavas only observed in the coastal scrub sites. BiaavDell

(1993) similarly observed the coastal scrub vegetdb be very rich in reptile species.
Further survey effort within the Quindalup Dunetsys is crucial to completely document
the reptile fauna of this habitat, particularly gjivthat the coastal scrub remnant vegetation

is threatened by encroaching urban developmeneqij

In general, mammal capture rates were very lowh Wie exception dfl. musculusandT.
rostratus which were the most frequently captured mammetigs. Mammal species
not recorded in our study that were present ilt#éM study in 1977 — 1978 include
Pseudomys albocinere@ash grey mouse). Since this survey, the ashrgmyse has only
been recorded once at Melaleuca Park (in 1987}teerd have been no further records in
the GSS study area. Their absence from any faulgestspanning the 22 years since
1987, suggest this species has either disappeamadliis part of the northern Swan
Coastal Plain, or is persisting in low density bs@ecific sites not surveyed. In addition,
our study did not captui@asyurus geoffro{chuditch) or Cercartetus concinnjisvestern
pygmy possums.. Western pygmy possums were trap@05 in the Lexia Wetlands
(Rob Davis pers. comm.) and there are occasior@igueports of chuditch (Brent
Johnson pers. comm.). More intensive targeted gwaffert is required to validate their

persistence in the GSS study area.

Fauna trapping surveys

Patterns in diversity across vegetation types amadform units

Habitat structure and composition strongly influemtaunal assemblage, as differences in
these attributes invariably lead to differencethmresources available for fauna. Reptiles
in particular are strongly dependent on habitatcstire for their survival (Pianka 1989).

In our study, the dominant type of vegetation sit@ was a major factor influencing faunal
abundance, species richness, and community steuckach vegetation type varied
considerably in the composition of their broad kettcharacteristics as well as within their
microhabitat and vegetation variables. When aispagas associated with a vegetation
type, it was also often correlated with microhalatiéributes common in that habitat. For
example, tuart sites contained the highest abumdaheptiles, but were dominated by

only a few species, typically those that werelitterellers and associated with litter depth,
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includingH. quadrilineataandM. greyii. Correspondingly, tuart sites were associated
with deep piles of litter, potentially providingehiequired resources for these species.

Banksiawoodland sites were clearly the most speciesfacheptiles and plantsBanksia
woodlands are floristically diverse (Dodd and Gmnifft989), especially in the lower strata
(< 0.5m) and this floristic diversity may reflecstuctural diversity that provides a range
of habitat resources for a suite of reptile speciedeed, reptile species richness was
correlated with both plant species richness, aadtimber of touch pole counts below 40
cm. Several species, with a variety of habitafggences, were associated wanksia
woodlands sites, including the sand swimming skinkslegansandL. praepedita the
burrowing worm lizardA. repensthe relatively open-living heath dragBn a.
adelaidensisand ground-living skinl. obscura a species which was only captured in

Banksiawoodland.

In contrast tdBanksiawoodland sitedylelaleucasites contained fewer reptile species and
plant species. This habitat type was more sinmlaegetation composition to tuart sites,
with high amounts of canopy cover and deeper lgtiess. Consequently, the litter
dwelling skinks common in tuany. quadrilineataandM. greyii were also associated with
Melaleucahabitat. The jarrah-dominated sites tended tcesat a combination of
tuartMelaleucaandBanksiasites, with intermediate levels of reptile andnplspecies
richness, and only reptile one speditgjuadrilineataobserved in high abundances. This
may reflect the potential intermediate levels dbitet structure.

The diversity of reptiles iBanksiasuggests that this habitat provides a correspghdin
diverse array of habitat opportunities for repsifeecies. The biological and ecological
functions of reptiles are dependent upon body teatpee (Heatwole and Taylor 1987).

As ectotherms, the body temperatures of smalllespéire largely dependent upon habitat
temperatures (Heatwole and Taylor 1987), and thigpnederences of reptiles may
influence habitat selection (e.g. Valenteteal.2007). The diverse lower vegetation strata
of Banksiawoodlands may provide a range of thermal halstatable for numerous
species. In contradtjelaleucasites tended to have high amounts of canopy caver

high amounts of structure in the 1 — 2 m heightgaty that may limit the thermal range at
ground level. Skinks of the gendgmiergisare often associated with cool, moist

locations (Bustet al.2007), and the high abundances of these lizartteituart, jarrah
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and to a lesser degrételaleucasites, suggests that these areas tend to stagr¢bah
Banksiawoodlands.

Landform types did not drive patterns in speciasposition, and where differences in
abundance between landform types were detectedyiee generally reflecting a
preference for a specific habitat types. For eXanih quadrilineatawas more abundant
in Spearwood versus Bassendean dune systems, hawesvis likely to be because the
tuart and jarrah sites that this species prefemwede only located on Spearwood dunes.
Only the introduced1. musculuglisplayed a clear preference for the Spearwooé dun
systems without showing a clear vegetation prefegenhis may be because the
Spearwood dune sites are in closer proximity tathated areas, and the introdudéd

musculusare typically more abundant in urbanised areas.

Previous work in the northern SCP has recordedtandt decrease in species richness in
landform units, heading eastwards (How and Dell3)9®%Ithough we did not observe this
pattern, we only intensively sampled two distirmstdform units (Bassendean and
Spearwood), in contrast to the five landform uthist How and Dell (1993) surveyed.

The substantial work on reptile diversity pattecoaducted by How and Dell (1993; 1994;
2000) have been principally located in urban rerinahile our research targeted larger

tracts of remnant vegetation.

Patterns in diversity with time since fire

Our results indicate that the response of reptiteraunities to time since fire varied
among different combinations of vegetation type tme since fire. In this study we have
focussed on examining differences in reptile abunda between recently burnt and long-
unburnt sites, across several vegetation typethoAgh vegetation type strongly
influenced community composition, time since fitgoainfluenced reptile assemblages.
Our surveys show that overall reptile abundanceyedsas the abundance of some specific
species, was higher in long unburnt sites. Intamdithe majority of the burrowing snake
species, including the Priority listed elapid calonotosvere captured at sites of old fuel
age. This perhaps reflects some difference inuregoavailability between recently burnt
and long unburnt sites. In previous studies, skiofisuming elapids tend to be absent, or
in lower abundances in recently burnt habitat (Wate and Schwarzkopf 2009).

Discussion 42



Changes in the abundance of reptiles following imgris often linked to fire-induced
changes in the resource availability of the pagt-éinvironment (Friend 1993; Masters
1996). Because reptiles tend to occupy sites suttable thermal, shelter, and food
resources (Friend 1993; Letrat al.2004; Masters 1996), burning may have modified
elements of thabitat in a manner undesirable to some specibs.récently burnt sites
contained deeper piles of litter, and those spetitsa preference for deeper litter, were
observed in high abundances in the long unbures siTypically, litter-associated lizards,
such asMl. greyiiin our study, respond strongly to the removal ajatation and are
usually observed in high abundance in the leastudiied sites, and their density is often
correlated with variables of vegetation cover (&tger cover; Greenbergt al. 1994;
Masters 1996).

Reptile species tend to have species-specific digimieferences (Letnet al.2004), and

the preferred attributes (e.g. deep leaf litteg) likely to be in dissimilar supply among
different vegetation types. In addition, the affetburning on these attributes is also
likely to differ among vegetation types. Furthaalysis, focussing on the interaction of
time since fire and vegetation type, is currentigerway and will be presented in separate
documents (Valentine and Wilson, unpublished daltas very likely that the responses of

reptiles to fire will be dictated by the type ofgetation that is burnt.

Succession with time since fire ilBanksiawoodlands

Understanding succession of fauna with time siireeid often desirable, as this
understanding can lead to more informed fire mamagw strategies, and highlights
habitat preferences of target species. With reptsduccession following fire tends to be
habitat dependent. Long-term studies of reptis=iadlages in arid regions (Letr@tal.
2004; Masters 1996; Pianka 1989), forests (Caudgt®&p; Taylor and Fox 2001), and
sand-pine scrub (Greenbezgal. 1994) consistently indicate a reptile successiih time
since fire as different species dominate when gppate habitat presides. However, this
pattern is not obvious in tropical savannas, pdgsibe to the high frequency of fires
(Braithwaite 1987; Valentine and Schwarzkopf 208&jinarskiet al. 1999).
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Our study highlights that the responses of reptdeee in Banksiawoodlands are fairly
complex. Several species preferred recently ®sites, whilst others were most abundant
in intermediate fuel age sites, and still othercggg®ewere abundant in long unburnt sites.
Furthermore, several species displayed a cyclporese to time since fire, with relative
abundances peaking in both recently burnt and lorogirnt sites. This indicates that a
diverse range of post-fire habitat is necessapater for the species rich reptile fauna in
the GSS study area.

The responses of mammals to fire were fairly clddre introduced/. musculugpreferred
more recently burnt sites, and is often assocaidhabitat that is disturbed in some
form. In contrast, honey possums were more abundader sites, with peaks in relative
abundance at sites 20 — 26 YSLF. Although honegpms are know to return to burnt
areas within 2 — 4 years since fire (Bamford 13&raardt 2003; Richardson and
Wooller 1991), higher densities are typically retzt in longer unburnt sites sites, with
peaks in abundance in the 20 — 30 years sincérag¢Bradshawet al.2007; Everaardt
2003). Our results are very similar, with low ablance in recently burnt sites (< 7

YSLF), followed by an increase in abundance as 8mee fire increases. However, in the
Banksiawoodlands in the GSS study area, we also notiogdrlabundances in sites that
have remained unburnt for a very long time (> 36.F¥S Honey possums are dependent
on nectar and pollen, particularly from plantshe Proteaceae, Myrtaceae and
Epacridaceae families (Woollet al. 1984). Capture rates of honey possums are closely
linked to food sources (Bradshawal.2007) and have been correlated with the densities
of flowers and the flowering periods of BanksiasdEaardt 2003). Hence, the impact of
fire on honey possums will be related to the postresponses of target food species
(Bradshawet al.2007).

Targeted Trapping Surveys

Quenda

Quenda were chosen as a species to target foryseffoet as their distribution in the GSS
study area appears to be linked to wetland-assaktiatgetation (Bamford and Bamford
1994). In the GSS study area, quenda were orlgiredorded occurring as far north as

Moore River, which was the northern end of itsritisttion in Western Australia. It was
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historically considered plentiful near Perth (Glau®33; Kitcheneet al.1978).

However, Kitchener et al. (1978) claimed that bg time of the Western Australian
Museum (WAM) 1977-78 survey, this species was splyrsely distributed in the GSS
study area, in thick vegetated damp areas andtaolgpecimens were captured during
that comprehensive survey. Prior to the GSS stttyteman Park and Ellenbrook Nature
Reserve were the only two known areas within th& Gtady area that could confirm a
strong secure population (Bamford and Bamford 1984#)en that most other mammal
species have declined or disappeared from the @G6$ area, the occurrence and
distribution of one persisting species such agjttenda is quite significant, and the habitat

in which it is persisting of high conservation valu

The combined results of the targeted field surveay 2008 (this study), the 2008
community survey and recent existing data from \&man Park and Ellenbrook Nature
Reserve (Reaveley 2009), indicate that quenda mesyread in their distribution from
west to east across the GSS study area. A comyraunitey (Reaveley 2009) found that
populations are persisting almost continuoushhadoastal vegetation from Burns Beach
to Two Rocks. Inland there is evidence of populaimhabiting a narrow west-east strip
from Nowergup in the north-west to Whiteman Parkhi@ south east. Quenda were not
recorded from the northern portion of the GSS sturdéa from either actual survey effort

nor community feedback.

The quenda populations living in the coastal regiare largely occupying vegetation on
private property that is proposed for developm&eaveley 2009). The majority of this
vegetation will be lost to urbanisation and subsedly habitat for quenda will either be
greatly diminished or fragmented. The habitat thegnda are occupying in the west-east
band of vegetation from Nowergup across to EllemoRrand south to the northern edge of
Perth metropolitan suburbia is often associatet siamps or lakes. Quenda were
typically found in moist low-lying areas with densed-storey vegetation. Similarly,
studies at Whiteman Park have indicated that quarelaersisting in the dense mid-storey

level heath associated with wetlands (Bamford aachi®rd 1994).

The association of quenda with wetland-associagggtation is possibly linked to the
potential protection this habitat provides from fmedation (Bamford and Bamford 1994).
Indeed, when fox baiting was introduced at WhitefRark, quenda both increased in

Discussion 45



number and began using upland areas as the ttingagdation diminished (Bamford and
Bamford 1994). In our study, quenda were only olesin high densities at Twin

Swamps Nature Reserves, indicating a suppressiquesfda populations from fox
predation in unbaited habitat. In other partsheirtrange where baiting occurs, such as
the jarrah forest on the Darling Scarp, quendabitlaavariety of habitats including open
woodland and upland areas. Inthe GSS study quesmda may be favouring the dense
wetland-associated vegetation habitat type to atgreextent because of the presence of
foxes. Hence, the persistence of quenda in urtbareas in the GSS study area is strongly

reliant on dense wetland-associated vegetation.

Rakali

The number of rakali trapped at Lake Goolellal andh McNess, with minimal survey
effort was surprising, indicating that these twicels support reasonable populations of this
species. Typically, rakali tend to be easily cegdun areas where they are numerous.
Given the lack of previous records for rakali witlihe GSS study area, it is likely that
small survey efforts have previously overlooked ihmportant wetland species. Further
surveys may establish that Rakali persisting introbthe permanent wetlands within the
GSS study area.

Rakali are mostly carnivorous, foraging in the wated also hunting on land. Their diet
includes freshwater fish and crustaceans, mussglstic insects and frogs, lizards, water
birds, small mammals and turtles (Strahan 20040e Survival of rakali is critically linked
to the persistence of wetland eco-systems. Theg apecies that will require
consideration and careful management as climategehianpacts the viability of current

wetlands persisting today.

The future for biodiversity in a drying climate

This project has focused on identifying some oflilogliversity values of the Gnangara
groundwater system, and will provide a baselindidture work in the area. The reptiles
of the GSS study area are particularly species-riging-term reductions in groundwater
levels and rainfall are likely to alter lake systehy drying wetland areas (Froeatal.
2004), and will ultimately impact the diversity lsdbitat in the GSS study area. Declines
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in the extent and condition of wetlands &ahksiawoodlands are predicted to impact on
vertebrate biodiversity (Bamford and Bamford 20G8yvernment of Western Australia
2009b). However, the extent to which species béllaffected is still uncertain. The

diverse array of reptile species occurring in ttf8SGtudy area likely to respond in a

variety of ways, and greater understanding of ttsdogjical requirements of species is
necessary. Clearly wetland associated speciels,aau@kali and quenda, are threatened
from declines in groundwater and rainfall levelsuiiford and Bamford 2003).

Identifying potential strongholds for these spe¢as others) and managing these areas as
refugia will be critical in the future, especialg wetlands dry and connectivity decreases

between wetland communities.

Burning to increase groundwater recharge is a piatenitigation measure in the face of
declining rainfall levels and increased abstrac{@aovernment of Western Australia
2009a). Our study provides some empirical dathawn biodiversity may be affected by
changes in fire regimes. Firstly, the relationstfifauna with fire varies depending on the
vegetation type, and fire regimes should ideallgtrectured on the specific vegetation
type at a local scale. Secondly, understandingispepecific relationships with fire is
crucial. Developing fire management strategietabie for groundwater recharge, which
are also compatible with biodiversity, requiresailetl information on faunal responses to
fire. Our study highlights that different specaés influenced by fire in different ways,
with some species preferring recently burnt hapitile other preferred intermediate-
older or long unburnt habitat. Thirdly, the raten of unburnt refugia of each vegetation
type will be crucial for successful recolonisatmiirecently burnt areas. At a landscape
level, the remnant vegetation in the GSS currdmily a mosaic of fuel ages, which may
facilitate in dispersal and recolonisation follogiburning. A change in the fire regime
(either increase frequency or intensity), aimethatasing groundwater recharge, may
alter the current mosaic, potentially removing umbuefugia that are critical habitat for
some species (e.g. honey possums). As with otleemianagement practices,
incorporating a range of fire regimes and maintgjninburned refugia when planning
burning for groundwater recharge, may help maint&ierall biodiversity (Woinarsket al.
1999).
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Appendix

Appendix 1. Number of sites across each landforit) fuel age group and vegetation
type.

Landform Unit and Vegetation Type

Bassendean Spearwood Quindalup
Fuel Age Banksia Melaleuca Banksia Melaleuca Jarrah Tuart Coastal
scrub
<11YSLB 4 2 4 6 2 2 NIL
>16 YSLB 6 6 2 NIL 2 2 2

Appendix 2. Pit-fall trap design layout
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Appendix 3. Species captured or observed duringping sessions in the GSS study area,
including targeted mammal trapping. Species nota&ne primarily follows the
Westralian Australian Museum database (October 20@0@8enotes common names of
reptiles obtained from Busdt al. (2007).

Family Species Common Name
AMPHIBIANS
Frogs: Class Amphibia, Order Salientia
Myobatrachidae Crinia insignifera Squelching Froglet
Heleioporus eyrei Moaning Frog
Limnodynastes dorsalis Banjo Frog
Myobatrachus gouldii Turtle Frog
Pseudophryne guentheri Gunther’s Toadlet
Hylidae Litoria moorei Motorbike Frog
REPTILES
Lizards: Class Reptilia, Order Squamata, Suborden@a
Gekkonidae Christinus marmoratus Marbled Gecko
Diplodactylus polyophthalmus Speckled Stone Gecko
Strophurus spinigerus spinigerus ~ South-western Spiny-tailed Gecko
Pygopodidae Aprasia repens Southwestern Sandplain Worm Lizard
Delma concinna concinfid West Coast Javelin Lizard”
Delma fraseri Fraser’s Legless Lizard
Delma grayii Gray’s Legless Lizard
Lialis burtonis Burton’s Legless Lizard
Pletholax gracilis gracili8 West Coast Keeled Legless Lizard®
Pygopus lepidopodus Common Scaly Foot
Agamidae Pogona minor minor Dwarf Bearded Dragon
Rankinia adelaidensis adelaiderfsis Western Heath Dragon
Varanidae Varanus gouldii* Gould’s Monitor
Scincidae Acritoscincus trilineatum Southwestern Cool Skink®
Cryptoblepharus buchanahii Fence Skink
Ctenotus australis West Coast Long-tailed Ctenotus
Ctenotus fallens West Coast Ctenotus”
Ctenotus impar South-western Odd-striped Ctenotus
Egernia kingii King's Skink
Egernia napoleonis Southwestern Crevice Skink
Hemiergis quadrilieat Two-toed Mulch Skink”
Lerista elegans West Coast Four-toed Lerista
Lerista lineopunctulat®’ Line-spotted Robust Lerista®
Lerista praepedita West Coast Worm Lerista®
Menetia greyii Common Dwarf Skink
Morethia lineoocellata West Coast Pale-flecked Morethia”
Morethia obscura Southern Pale-flecked Morethia
Tiliqua occipitalis Western Bluetongue
Tiliqua rugosa rugosa Bobtail
Snakes: Suborder Serpentes
Typhlopidae Ramphotyphlops australis Southern Blind Snake
Elapidae Brachyurophis semifascidta Southern Shovel-nosed Snake
Demanisa psammophis reticuldta  Yellow-faced Whip Snake
Neelaps calonotd$ Black-striped Snake
Notechis scutatus Tiger Snake
Parasuta gouldii Gould’s Snake
Pseudonaja affinis affinis Dugite
Pseudonaja nuchalis Gwardar
Simoselaps bertholdi Jan’s Banded Snake
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MAMMALS
Monotremes: Subclass Prototheria, Order Monotremata

Tachyglossidae Tachyglossus aculeatus Echidna
Marsupial Mammals: Subclass Marsupialia, Order Dagpmorphia
Dasyuridae Sminthopsis sp. Dunnart
Order Peramelemorphia
Peramelidae Isoodon obesulus fusciveriter Southern Brown Bandicoot (Quenda)
Order Diprotodontia, Suborder Phalangerida

Tarsipedidae Tarsipes rostratus Honey Possum (Noolbenger)
Phalangeridae Trichosurus vulpecula Common Brushtail Possum
Macropodidae Macropus fuliginosus Western Grey Kangaroo

Macropus irma* Western Brush Wallaby

Eutherian Mammals: Subclass Eutheria, Order Rodeati

Muridae Hydromys chrysogaster Water Rat (Rakali)

Mus musculus House Mouse

Rattus fuscipes Bush Rat (Mootit)

Rattus rattu$ Black Rat

Order Carnivora
Canidae Vulpes vulpes Fox
Felidae Felis catu$§ Cat
Order Lagomorpha
Leporidae Oryctolagus cunicullfs Rabbit
Order Artiodactyla

Suidae Sus scrofa Pig
Bovidae Capra hicrug Feral Goat

* Species not trapped - observed only by incideolbslervations

& Species endemic to Swan Coastal Plain

®Reptile species only captured at one site

¢ Priority-listed species

¢ Introduced species

¢ Species only captured during targeted trappingvigttand-associated mammals

" FormerlyC. plagiocephaluss per Horner (2007).
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